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PREFACE 

During the winter of 1976-77, four different techniques for automatically 
locating land vehicles were tested in both the low- and high-rise regions in 
Philadelphia, Pa. The tests were carried out by four different companies 
Ullrler separate contracts to the United States Department of Transportation, 
Transpor·tation Systems Center. The tests were designed to evaluate the 
techniques for their applicability as location subsystems for automatic vehicle 
monitoring systems. This document represents one of the contractors' final 
report. A summary report on all systems tested is available as Report 
No. UMTA-MA-06-0041-77-2. This report describes the Phase I J;>rogram 
which involved the installation and test of the Hoffman A VM System. 
Dr. George W. Gruver, the program director for Hoffman, prepared the 
report and personally conducted most of the testing. Ron Waits developed 
all of the program software and processed the test data. Jerry McKinney was 
in charge of the location and test equipment deployment and also performed 
most of the driving during formal tests. 

We want to thank all of the technical, program, and contract personnel 
at the DOT. In particula:r the personnel in the offices of Messrs Blood, Symes, 
and Nelson were very helpful and enthusiastic. A special thanks is given to 
Bernie Kliem, our technical monitor and Joe Herlihy, who helped monitor our 
test. Also, Mr. Jack Ludwick of the Mitre Corporation helped make our 
software task much easier. We would also like to thank the many people in 
the City of Philadelphia who assisted us in deploying and housing our equipment. 
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1. INTRODUCTION 

The application of Automati.c Vehicle Monitoring (A VM) to enhance the 
management of mobile resources MS, in recent years, become a subject of con
tinued interest to all types of fleet vehicle operations. Transit, police, cargo, 
and mining operations have been involved in the development of A VM systems 
and are currently gathering data pertinent to quantifying the cost/benefits of 
AVM in a variety of commercial and service operations. 

The United States Department of Transportation (DOT) has been interested 
in A VM for nearly a decade; this interest being directed, in particular. to improv
ing transit and para-transit management activities. Under the sponsorship of the 
Urban Mass Transportation AuthOrity (UMTA), the DOT is currently attempting to 
quantify the improvements which A VM can provide to transit, para-transit, and 
other types of fleet operations. This report contains the interim results obtained 
by Hoffman Information Identificati.on, Inc. (HI3) of Fort Worth, Texas, as a con
tractor to the Transportation Systems Center of the DOT on '!he UMTA Multi-User 
AVM Contract DOT-TSC-1237. This report covers the activities of Phase I which 
involved the inStallation and test of a HI3 A VM System in '!he City of Philadelphia 
during the winter of 1976-1977. 'l'hese tests represent the most extensive tests 
ever performed on an AVM system which can locate vehicles which operate ~ither 
as fixed-route vehicles (transit) or as random-route vehicles (police, para-transit, 
taxi, etc.). 

This volume contains a description of all test configurations, test proced
ures, location algorithms, data processing, and test results. An Apperu:1ix, 
Volume IT, contains the test data and detailed data processing results • 
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2. EXECUTIVE SUMMARY 

In September 1976, the Transportation Systems Center of the U.S. 
Department of Transportation entered into contracts with four companies for 
the deSign, development and deployment of a multi-user Automatic Vehicle 
MonitOring (A VM) System which can be deployed in any city. Hoffman Informa
tion Identification Incorporated (HI3) of Fort Worth, Texas, a wholly owned 
subsidiary of Hoffman Electronics Corporation and its subcontractor, IBM, 
received one of these contracts. The program, sponsored by the Urban Mass 
Transportation Administration (UMTA) is referred to as Multi-User A VM since 
it is intended to provide A VM benefits to a multiplicity of users, including those 
fleets of vehicles which generally travel on fixed routes (transit) and those which 
may travel random routes (taxis, para-transit, dial-a-ride, police, pick-up and 
delivery, etc.). 

The objectives of the Multi-User AVM program were to deSign, imple
ment, and opel."'ate a multi-user AVM system in Los Angeles for the purpose of 
making a quantitative evaluation of AVM effectiveness, first for transit and 
para-transit, and second for other AVM users. From the outset, the program 
was divided into two phases. Phase I, which Hoffman completed on 28 February 
1977, involved the demonstration and test of each contractor's vehicle location 
subsystem in Philadelphia, Pa. Phase II, which will be performed by one of 
the four contractors, win include the design, development, implementation, 
test, and operational' support of a modern transit management system USing a 
reliable, economical AVM system. The Phase II program will be conducted in 
conjunction with the. Southern California Rapid Transit District (SCRTD) and 
other users, to be specified, in the Los Angeles area. The primary objective 
set for Phase I was that of quantifying through formal controlled tests, the 
ability of each contractor's AVM system to meet specified vehicle location and 
bus time-of-passage requirements. 

The results presented in this report show that the HI3 A VM system 
proposed for Phase II can provide a transit dispatcher with the location of all 
buses to within an accuracy of 10,5 feet 95 percent of the time. The average 
error in bus lo,::ation was less than 50 feet for all Phase I tests. As an aid to 
providing improved service through adherence to schedule, the HIS AVM sys
tem can provide the time-of-passage of buses to within 11 seconds for 95 per
cent of the occurrences in which the bus fleet passes predeSignated "tiro.epoints". 
The average time-of-passage error for Phase I was 3.9 seconds. The same 
HI3 AVM system can provide a dispatcher with the location of each unit of a 
fleet of random route vehicles, e. g., police, taxi, etc., to within 282 feet 
95 percent of the time. 

The overall goal of HI3 during Phase I was to demonstrate the reliable 
and accurate performance of the HI3 nationwide A VM system under conditions 
to be expected in the operation of a multi-user AVM system in any city in the 
United States. During previous UMTA A VM development programs, beginning 
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in 1970 with the "Monitor CTA" and including tests of several different loca
tion techniques in Philadelphia in 1972, UMTA and 'ISC developed a high degree 
of tmderstanding of the requirements for a multi-user AVM system. In estab
lishing the Statement of Work for Phase I, these requirements were translated 
into an explicit set of vehicle location test requirements. In response to these 
requirements, HI3 prepared a Location Subsystem Test Requirements Plan 
which formed the basis for all Phase I tests, data processing and analyses. 

Phase I tests were divided into two primary categories: (1) random 
route tests, and (2) fixed route tests. This report is organized in the same 
order, which was the order iii which the HI3 tests were conducted. 
A third category involved special case tests. These tests were conducted at var
ious times throughout Phase I in Fort Worth, Texas, and in Philadelphia, Pa. 
The random route test equipment, data acquisition techniques and test data are 
described in Section 3. Random route data processi!;g is described in Section 4. 
The results of the data processing and analysis are contained in Section 5. 
Similar information appropriate to fixed route tests, data processing and results 
are presented in Sections 6, 7, and 8 respectively. The special case tests are 
described and results are presented in Section 9. Section 10 has been dedicated 
to the presentation of a number of items which pertain directly to Phase II. 
These items include (1) the relationship between Phase I and Phase II equipment, 
(2:) a proposed method for eliminating the use of an odometer on fixed route ve
hicles, (3) FCC requirements and the status of HI3 equipment, (4) Federal, State, 
and local requirements for Phase II, (5) a discussion of a hy'brid signpost-Loran 
system for "over-the-road" vehicles, and (6) special considerations pertinent 
to Phase II. 

2.1 HI3 A VM TECHNIQUE 

HI3 proposed to use a direct proximity signpost A VM syste~ during 
Phase II and all Phase I tests were conducted through the use of a Phase n 
signpost system. As illustrated in Figure 2-1, the HI3 AVM system receives 
basic location information, in the vehicle, as a result of the vehicle equipment 
receiving digitally coded RF transmissions f!'om electronic "signposts." Each 
signpost transmits a unique 16-BIT code which represents an address (or an X, Y 
coordinate) in the city analogous to visual street sign identification. The vehicle's 
proximity to one or more of the signposts results in a simple location region code 
being stored in the vehicle. This location region code is transmitted to the base 
station over a mobile radio under base station computer control. At the base 
station, a simple tahle look-up by the computer determines a unique street 
address or X, Y coordinate pair as the vehicle's current location. 

HI3 signposts are powered by Lithium batteries and transmit at a fre
quency of 49.860 MHz. As a result of the extremely low power output require
ments, they may be operated without a license as low power devices under 
Part 15 of the FCC rules. The use of lithium batteries provides a 7-10 year 
operating lifetime without battery replacement, and this is achieved over the 
temperature environment from -55 to 175 degrees F. 
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When installed in a city, all users (transit, para-transit, taxi, police, 
pick~up and delivery, etc.) simultaneously share the use of the HI3 signpost 
system. This is illustrated in Figure 2-2. Although a number of companies 
have proposed the use of Signposts, a unique feature of the HI3 approach is . 
the use of overlapping signposts to create additional location regions, thereby 
reducing the number of Signposts required to achieve a specified location 
accuracy within a given area. 

The overlap technique has been previously tested by HI3 in Los Angeles 
as part of the Cargo Security System and an overlapping signpost A VM system 
developed by HI3 is currently operational in the Huntington Beach, California 
Police Department. Although proven during those two programs, the UMTA 
Phase I test program required the most comprehensive demonstration of the 
HI3 overlap technique to date. The results obtained prove conclUSively that 
the HI3 AVM system proposed for Phase II can meet all of the vehicle location 
subsystem and system level specificiations set forth in the UMTA Multi-User 
A VM Specification. In addition, the HI3 A VM system is a nation-wide system 
and can be operated in any city (where 99.99% of users operate) and can be 
interfaced with wide area type systems, e. g., Loran for special II over the road" 
applications. The nationwide feature is a result of the use of 49.86 MHz which 
may be'used throughout the United States. 

2.2 PHASE I TEST PROGRAM 

The Phase I test program involved the installation of a HI3 AVM loca
tion subsystem in Philadelphia to provide random-route coverage of an area and 
fixed-route coverage of a simulated bus route. The area and the route were 
selected by TSC. The location subsystem was to provide a basic location accu
racy of at least 300 feet at 95 percent and 450 feet at 99.5 percent of all locations 
in the random route coverage area and along the specified fixed route. In order 
to establish the performance of the HI3 location subsystem, a test vehicle j with an 

A VM vehicle unit and a recording system installed was repeatedly driven over routes 
selected by TSC while recording on cassettes every half-second, the output of 
the vehicle unit location register. During each test run, manual event markers 
were used to mark (record on cassette) the passage of physical landmarks called 
"checkpoints". Checkpoints were deSignated by TSC after installation of the 
location subsystem was complete. The X, Y coordinates of these checkpoints 
become the reference against which the performance of the A VM system was 
measured. During off-line data proceSSing, the radial error between the X, Y 
coordinates of the checkpoint and the X, Y coordinates as computed through use 
of the A VM technology was computed. For example, during each of 10 random 
route test :!\J".lS, each of which was over 11 miles in length, the passage of 62-63 
checkpoh4's ,.~ .~. !)orded. All information necessary to compute the X, Y 
coordQ".ates of tbt ,ehicle,as determined by the AVM system, were also recorded 
on cassette. At the end of 10 such runs, the cassettes were processed to deter
mine the location error at each point. The location algorithm utilized was iden
tical to that proposed for use in Phase II. 
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DIRECT RF PROXIMITY SIGNPOSTS PROVIDE ALL USER VEHICLES WITH LOCATION 

ADDRESSES AND ARE BASIC SOURCE OF BUS SCHEDULE IN FORMA TION. 
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FIG. 2-2 HI MULTI-USERAVM BASIC APPROACH 



Fixed route tests involved the same activities as random route tests, 
however, an odometer was used to determine the vehicle's location along the 
fixed route after being automatically reset at signposts spaced approximately 
one mile apart along the route. In addition to the marking of TSC checkpoints, 
m.anual entries were made to document passage of the vehicle by "timepoints" 
which were designated by TSC to represent typical transit route timepoints. 
Also, the opening and closing of the door was simulated at approximately one
half of the 15 timepoints on each of the fixed route test runs. During off-line 
processing, the location errors and the errors between the actual time of 
passage by each timepoint and the time of passage estimated by use of the A VM 
system were computed. The AVM system was to determine the time of passage 
of the vehicle at timepoints to.± 15 seconds for 95 percent and.± 60 seconds for 
99.5 percent of all such occurrences. 

A total of 10 random route test runs were performed. This resulted in 
622 checkpoint samples at which location errors were computed. When these 
same data were also processed through an AVM system simulation a total of 
2235 samples were obtained corresponding to 1 sample every 20 seconds during 
the 10 runs. This simulation included the injection of communication errors in
to 5 percent of the samples. The HI3 Phase II technique fOT detection and correc
tion of these errors was simulated. Two different random routes were traveled 
involving passage through tunnels, along narrow streets through high-rise 
"canyons" and along wide boulevards. All tests were conducted under normal 
traffic conditions in downtown Philadelphia. A TSC Monitor was in the test 
vehicle during all tests. 

A total of 33 fixed route test runs were performed over a 13 mile route. 
Each test provided data at 76 checkpoints and 15 timepoints. When processed 
through the A VM system Simulation, a total of 7459 pseudo checkpoint samples 
were obtained. 

Formal demonstrations of the Hl:3 AVM system were conducted in Phila
delphia on 15 and 28 December 1976 for UMTA personnel and their guests. 
These demonstrations involved operation of the HI3 test vehicle in the random 
route area with 6-8 observers on board. All such demonstrations involved 
operation as a random-route vehicle with the vehicle location being provided 
in real-time on the on-board CRT. All demonstrations were 100 percent 
successful. 

2.3 TEST RESULTS 

All random route and fixed route data taken during the Phase I tests were 
processed by HI3 to determine the AVM 3ystem performance. Data processing 
was perfor.med off-line using an exact simulation of the proposed Phase II loca
tion subsystem and AVM communication system. These data show conclusively 
that the HI3 A VM system can meet or exceed all performance criteria set for 
Phase II. Phase I results are summarized in Table 2-1. Detailed discussions 
of these results are contained in Sections 5 and 8. 
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TABLE 2-1 SUMMARY RESULTS OF PHASE I TESTING 

LOCATION SUBSYSTEM LOCATION ACCURACY: 
Specification HI3 Results 

Eandom Route: 622 samples (feet) (feet) 

95% of samples less than 300 242 
99.5% of samples less than 450 461 
Average error, all samples -- 91 

Maxiniuri:!. Averal:z"" Error Over One-Tenth 
Mile Segment 450 315 

Fixed Route: 2313 samples 

95% of all samples less than 300 107 
99.5% of all sa:tnples less than 450 156 
Average error, all samples --- 50 

Maximum Average Error Over 9oe-Tenth 
Mile Segment: 450 256 

AVM SYSTEM LOCATION ACCURACY: 

Random Route: 2235 samples 

95% of samples less than 300 282 
99.5% of samples less than 450 464 
Average errort all samples --- 114 

Fixed Route: 7459· samples 

95% of samples less than 300 105 
99.5% of samples less than 450 188 
Average error, all samples --- 48 

. 

'-
Specification m3 Results 
(seconds) (seconds) 

A VM TIMEPOINT PERFORMANCE: 451 samples 

95% of samples less than 15 11 
99.5% of samples less than 60 24 

, Average error -- 3.9 
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Figure 2-3 contains cumulative error distributions of random r-oute and 
fixed route test data results. When translated into an operational system for 
random route vehicles, tilese data indicate that under similar urban conditions, 
a police dispatcher would know, witil a 95 percent confidence level, tile location 
of each and every AVM-equipped vehicle to witilin 282 feet. Similarly, tile fixed 
route data indicates 1hat a bus dispatcher would have at his fingertips tile loca
tion and schedule performance of every bus on all routes to witilin 105 feet and 
to witilin 11 seconds at a 95 percent confidence level. The application of this 
informatio:J. to providing increased service, improved response time, better 
schedule adherence, etc., forms tile basis for the entire Phase n program. 
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3. RANDOM ROUTE TESTS 

3.1 RANDOM ROUTE 'l'EST CONFIGURATION 

The test system configuration used in the Phase I random route tests con
sisted of (1) the HI3 test Location Subsystem (LS) and (2) a Data Acquisition System 
(DAS). The HI3 test IE tested during Phase I random route tests is functionally 
identical to that proposed for Phase II. 

3.1.1 Test Vehicle 

The Phase I test vehicle was a 1976 Winnebago equipped with a 4-KVA, 
110-volt, auxiliary power unit. A special rack was provided for the DAS equip
ment. Figure 3-1 is the layout of t.he test vel1icle which was so designed that the 
DAS operator was seated facing forward at the table on the right-hand side. The 
CRT/keyboard was located on the table. The DAS operator and the TSC Monitor 
could sit side-by-side during test runs. 

3. 1.2 Location Subsystem Equipment 

In the random route configuration, the LS consists of (1) Signposts and 
(2) a v;~i1icle unit. 

3.1.2.1 Signposts. HI3 signpost~ are small, lithium-battery-powered 
transmitters which transmit a digitally coded message at 49 MHz at an interval 
of approximately 2/3 of a second. Signpost electrical specifications are presented 
in Figures 3-2 and 3-3. Only 20 KHz of spectrum. are utilized in order tv comply 
with the most recent FCC rule (Docket No. 20119). Signpost mechanical speci
fications are shown in Figure 3-4. Test LS signposts are production HI3 sign
posts (Model SP-03) and are identical to those proposed for installation in 
Phase II. 

During the test program, the signposts utilized in Philadelphia were 
operated at 49. 860 MHz. However, a number of special tests were conducted 
in Fort Worth by using signposts which were operated at 27.095 MHz with a 
corresponding vehicle unit receiver. HI3 currently has a signpost system operat
ing at Huntington Beach, California, and is in the second phase of a Cargo Security 
System, under LEAA sponsorship, in Los Angeles; this system also contains 
27. 095-MHz signposts. These units are operated as low:power devices under 
Part 15 of the FCC rules in effect in November 1975. HI has applied for type 
certification of the HI3 signpost by the FCC in accordance with FCC Docket 
20119 which was released 12 February 1976. In correspondence with Mr. 
Raymond Spence, FCC Chief Engineer, we have received assurance that there 
is no proposal pending before the FCC which would affect the oPeration of non
voice devices such as the HI3 signpost in the 27-MHz band chosen for operation. 
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Communication Method -- Coherent FSK with BIT - BIT Tec}:,nique 

Message Length -- (16 Information Bits + 16 BJ.t Complements + 2 Error Bits) 

= 34 Bits 

Data Rate -- 4. 5K BITS/Sec. 

Transmitter Timing -- 5.5 rna 
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However, low power operation at 27 MHz is contingent upon not producmg 
harmful iuterference to licens ees in the 27 MHz band. At 49.86 MHz, there are 
no licensees, and each user must operate within the environment created by all 
other users; consequently, any constraints on operation in any city are eliminated. 
The 49. 86-MHz system tested during Phase I demonstrated superior AVM perfor
ma.nce over 27 MHz. As a result of the test results obtained, it is proposed to 
utilize 49.86 MHz signposts in HI3 during Phase II. Signposts operated at 49.86 
MHz are subject to the same type of certification as that required for low-power 
devices operated at 27 MHz. HI3 has applied for such certification. This action 
is discussed in Section 10.3. 

HI3 signposts are mounted on any available utility poles or street and 
traffic light standards in such a manner that the HI3 vehicle equipment is able to 
receive the coded transmissions from one or more signposts and, through Simple 
code and signal level comparisons in the vehicle unit, to determine a unique 18-bit 
code which corresponds to the center of a unique location region. This capability 
is explained fully in Paragraph 3.2.1. Forty-one signposts were available for use 
during Phase I testing. An odometer was utUized during fixed route tests to supple
ment the signpost system so that Signposts were only needed at or near TSC 
deSignated timepoints. The use of the odometer in Phase I is fully explained in 
Section 6. A method of eliminating the need for an odometer in Pha&e II is dis
cussed in Section 10.2. 

3.1.2.2 Vehicle Equipment. In the r-andom route configuration, HI3 LS 
vehicle equipment consists of two items: (1) a 49. 860-MHz antenna and a coax 
cable, and (2) a HI3 vehicle unit. During Phase I, a standard, monopole (Antenna 
Specialist Model 303) was mounted on the roof of the test vehicle. The same vehicle 
unit was used during fixed route tests without modification. 

<;) 

The HI'" vehicle unit shown in Figure 3-5 is a single electrc:riic package 
which consists of the following equipment: 

·49. 860-MHz Signpost Receiver 
Signpost Data Processor 
Location Region Storage 

Digital Controller 
Formatter 
FSK Generator 

The test LS vehicle unit draws its power directly from the test vehicle 
12~volt system just as it will in the Phase II system. The vehicle unit is fused 
to prevent equipment damages and contains a built-in voltage regulator to com
pensate for voltage fluctuations. 

Figure 3-6 is a block diagram of the major functions performed in the 
HI3 vehicle unit. This unit is a standard HI3 A VL vehicle unit which normally 
interfaces with a mobile radio. In the Phase I system, the normal radio inter
face is replaced with a hardwired interface to the HI3 Interface Controller Unit 
(lCU). 
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The 49. 860-MHz signpost receiver performs the following functions: 

a. Receives the coherent FSK transmissions from signposts. 

b. Synchronizes the information stream. 

c. Performs demodulation of the FSK signal. 

d. Determines the signal amplitude via the threshold detection 
circuitry. 

e. Checks the signpost message for errors. 

f. Decodes the 16-BIT signpost code. 

g. Supplies the threshold level (Levell, 2, or 3), a "data good" signal 
(if the signal passes the error filter) and the signpost code to the 
signpost data processor. 

h. Supplies a "Levell" or "NOT Levell" logical signal to the ICU. 

The hardwired signpost data processor performs the following functions, 
as illustrated in Figure 3-7 Information Flow Diagram: 

1. In conjlDlCtion with the "last" signpost code, processes the 
"new" signpost code to derive an 18-BIT location region code which 
is comprised of the following information: 

7-BIT East Code from nearest (higilest level) signpost 
'I-BIT North Code from nearest (highest level) signpost 
4-BIT Region Code which identifies the overlap region between 
signposts. . 

NOTE: Section 3.2. 1 contains a detailed description of the process 
through which the l8-BIT location region code is generated. 

2. Identifies timepoint signpost through bits E7 and N7 (this func
tion was Simulated during fixed route testing). 

3. stores the l8-BIT location region code as the vehicle'S "current" 
location in the Location Region Storage. 

4. Compares each newly computed IS-BIT location region code with 
the stored value and, if a difference is indicated, replacement of the 
previous code with tue new code. 

5. Supplies the "current" location region code to the digital controller 
for transmittal to the ICU. 
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The Digital Controller controls the sampling of the location region storage 
and controls the transmission of location region data to the ICU. 

The formatter encodes the message to the leU in the B-B format. B 
corresponds to the bit (logical lor logical 0) and ~ corresponds to the bit com
plement. The B-B format requires that each bit be followed by the bit comple
ment. For example, if a logical 1 were to be encoded, a l-bit followed by a 
O-bit would actually be encoded. This encoding technique provides effective 
error control through the use of an err9r filter at the base station. Note that a simi
lar encoding scheme and error fUters are incorporated in the signpost-to-vehicle 
unit link. The FSK generator ~nerates the two audio frequencies, fhigh and flow
which correspond to the Band B respectively. 

During Phase I, the vehicle unit operated in the "Automatic" mode in that 
all changes in the current location region code were automatically transmitted to 
the !CU. The ICU in turn stored this information until it was requested by the com
puter (every 0.5 second). During Phase IT, the vehicle unit will operate in a func
tionally identical manner, i. c., datu will only be supplied to the base station over 
the commlDlication subsystem when it is requested by the computer. 

The addition of the odometer, auxiliary sensors, bus status display, and 
radio receiver interfaces which will be implemented in Phase IT is shown in the 
lower figure (Figure 3-6b). Actually, the Buffer Amplifier and Channel Open 
Detector, the PSK Demodulator, and the Error Filter and Decoder were included 
in the Phase I vehicle unit. However, they were not utilized since a l."'ci.dio link was 
not implemented. Thus, the only difference between the Phase I and Phase IT 
vehicle units is in the Digital Controller Unit. 

In Phase IT, the digital controller unit will perform all of the functions 
performed in Phase I, plus the following additional nmctions: 

a. Receive commands from the base station and control the 
message response via the radio transmitter. 

b. Receive and accumulate pulses from the odometer and control 
/ the encoding of the Odometer accumulator into the vehicle-to-base 
message. (Fixed Route only). Refer to Section 10 for a proposed 
means of eliminating the odometer from Phase IT. 

c. Receive inputs from auxiliary sensors (doors, passenger 
counters, etc.) and control the encoding of these data into the 
vehicle-to-base message. 

d. Control the message traffic to and from the bus status display. 

e. Identify timepoint signposts and the Level 1 drop-out signal 
and thereby control the generation of timepoint performance data. 
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f. Compare incoming message addresses to stored vehicle ID 
and control message response. 

In the Phase I system, the contents of the location register were sent to 
an Interface Controller Unit (lCU) where they were sampled by the DAS as the 
"computed" vehicle location at the sample time. Under operational cClnditions 
(Phase !I),the contents of the location register would be encoded by the Digital 
Controller and formatter as part of the vehicle-to-base message and transmitted 
via the communication subsystem to the base station under base statIon computer 
control. However, in the HI3 deSign, this process was quite Simple to simulate 
since vehicle location computations performed at the base station do not depend on 
any past history since only the last transmitted location data are used. Thus, the 
achievement of an exact system simulation is only a matter of the sampling rate 
(i.e., 20 seconds for Phase IT versus every 1/2 second in the Phase I tests). Con
sequently, HI3 I.S accuracy is not influenced. 

3.1.3 Data AcqUisition System (DAS) 

ment: 
In the random route configuration, the DAS included the follnwing equip-

HI3 Interface Control Unit (leu) 
PDP 11/05 
DECassette 
Cassettes 
CB Monitor Unit (used during special 27 :MHz tests only) 
5th Wheel System 
ADM-2 CRT/Keyboard 
TI 743 Terminal. 

Figure 3-8 is an interface block diagram of the DAS and its interface with 
the LS. 

During random route testing, the DAS controlled the sampling of the LS 
location register as well as the 5th wheel. Tests were conducted by recording 
(1) a complete data record every 1/2 second and (2) each event marker entered 
manually by the DAS operator. 

3.1.3.1 Recording Equipment. Recording eqUipment included the 
PDP 11/05 minicomputer, the DE Cassette , and the ADM-2 CRT/Keyboard. 
Under software control the PDP 11/05 caused data from the ICU and the keyboard 
to be recorded on cassette tapes. 

Data were recorded on Mylar Cassettes (Dual Drive). A pair of cassettes 
were used to record all data on each test run. 
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Data were recorded single-bit-serial sequentially. Each data sample 
consisted of a 80-BIT record as follows: 

,Item Bits 

Location Code 18 
Odometer 12 
5th Wheel 14 
Clock 10 (ticks only) 
Event Codes 8 
Spare ;1..8 

TOTAL 80 

~igure 3-9 reflects the basic nAS record format as it was divided into five 16-BIT 
words. Cassettes were duplicated onto IBM compatible magnetic tapes at the Blue 
Bell, Pennsylvania facility of Digital Equipment Corporation, for processing by 
MITRE Corporationo 

3.1.3.2 Fifth Wheel Equipment. The fifth wheel was used (1) for veri
fying checkpoint relative X, Y coordinate distance from known locations and (2) 
for generating "pseudo" checkpoints during data analysis to simulate Phase II 
polling rates. The fifth wheel equipment included a Nucleus Corporation Model 
NC-7 fifth wheel, a Nu-Metrics Model P-I070 distance measuring instrument 
(DMI) , and a Nu-Metrics Model P-160 Distance Event Controller (DEC}. The con
figuration is shown in Figure 3-10. 

3. 1.3.3 Event Marking Equipment. Event marking was accomplished 
through use of the ADM-2 keyboard. Manual input of an event code via the key
board caused a new record to be recorded. Event codes were entered by pressing, 
in sequence, the appropriate event function key, the event ID nwnber, e.g., 
checkpoint number, and the RETURN key. A complete 80-BIT data record was 
recorded on cassette whenever the RETURN key was pressed. The 
following event codes were available . 

Mark Passage of Checkpoint xx. 
Mark Passage of Signpost NN, EE 

(Only used during calibration runs) 
Mark Turn Intersection for use with 

"Pseudo" signposts 
Signify Door Open at Timepoint yy 
Signify Door Close at Timepoint YY 
Signify Error in preceding event ZZ 
Mark Time of Departure from 

Timepoint yy 
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HEADER RECORD 

Run Number 
Year 
Month. 
Day 
Hour 
Minutes 
Seconds 
Tick (1/60 of second) 

DATA RECORD 

where 

T - Time 
V - Event 
B - Region Field 
N - North Field 
E - East Field 
F - 5th Wheel 
S - Spare 
0- Odometer 

FIG. 3-9 BASIC DAS RECORD FORMAT 
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1st Word 
2nd Word 
3rd Word 
4th Word 
5th Word 
6th Word 
7th Word 
8th Word 
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When the RETURN was depressed, an SO-BIT data record corresponding 
to the event key stroke time was added to the data stream in the appropriate 
time sequence, and the contents of the leU output buffer were simultaneously 
written to the cassette and displayed on the CRT. 

The Error Event was used to signify that an error had occurred in the 
previous event code, presumably an operator error, e.g., wrong checkpoint 
ID '~nt~red, etc. When the Error Event was used, an entry was made into the 
Run Log in. terms of the nature of the error. During off-line data processing, such 
errors were flagged to the computer by the occurrence of the Error Event and 
ignored by the Data Processing Routine. A log of such errors is contained in the 
Appendix in association with the raw data. 

3.1.3.4 Interface Controller Unit. The ICU controlled the acquisition of 
data for recording via the PDP 11/05 and DECassette and performed the function 
of a high-speed communication link between a vehicle and the base station. The 
input and output functions of the ICU are identified in Figure 3-11. DUring opera
tion under control of the PDP 11/05, the ICU received a request-data pulse from 
the 11/05, set a flag which froze all data registers, caused an interrupt to the 
11/05, and responded with a serial bit stream of 48 bits in the following sequence: 

MSB 
J 

.. or 
East Field Direction 

Lf'vel ]rISE 
~ ~, __________________ ~F~U~th~~~e~el~ _________ --, 

MSB 
t 

Odometer (FiX Route only) 

S S 

v 
Spare 

S 

First Word 

2nd Word 

3rd Word 

NOTE: These three words were output from the lCU to the DAS where they were 
reformatted and merged with time and event data to form the 5-word record shown 
in Figure 3-9. ThiS word was recorded on cassette. This sequence relates only 
to the output of the ICU to the computer. T'ne data was reformatted, as shown in 
Figure 3-9, for recording on cassette. 

In Figure 3-11, the Signpost Location Region Register contains the most 
recent IS-BIT Location Region code generated by the Digital Controller Unit in 
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the vehicle unit. This code includes a 7-BIT North code, a 7-BIT East Code, and 
a 4-BIT region or "B" code as follows: 

North Code East Code 

Valid Region Codes which could be generated by the Phase I vehicle unit included 
the following: 

o 
o 
o 
1 
1 
o 

I ~ 
i 

Region Code 

o 
o 
1 
1 
o 
o 
1 
1 
o 

o 
o 
o 
o 
o 
1 
1 
1 
1 

o 
1 
1 
1 
1 
o 
o 
o 
o 

Region 

Region 1 
Region 2 South 
Region 2 East 
Region 2 North 
Region 2 West 
Region 3 South 
Region 3 East 
Region 3 North 
Region 3 West 

... (The. physical meaning of these codes and their method of generation relative to 
signpost placement is discussed in detail in Paragraph 3.2..1). 

The modifier block in Figure 3-11 caused an additional Region code, 
1'0011", to be generated; this code corresponds to a Levell drop-out. This code 
was only used in computing timepoint performance. It is discussed in detail in 
paragraph 6.1.2.2. Thus, the buffer block in Figure 3-11 contains the 18-BIT 
signpost location region (with the region field possibly having been modified to a 
0011) which became part of the recorded data. 

3.1.3.5 Recording Software. Operation of the DAS was under software 
control through use of the CAPS operating system. Ra.ndom Route data were re
corded by USing the program RANDOM which performed data recording and pro
vided two displays as follows: 

a. Display 1: Quick Look Verification Display 

b. Display 2: Location Accuracy Summary Display. 

3.1.3.6 In-Vehicle Displays. The DAS provided the capability of dis
playing selected data on the CRT for use in the testing, calibration, and verifica
tion of oper'ation of the IS system. These displays were independent of and had 
no effect whatsoever on the cassette data recording function. 
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a. Quick Look Verification DisEla.L To aid in the initial LS installation 
and calibration and in formal tests, a real-time display ·was used to examine the 
following parameters: 

Event North East Region Odometer 5th Wheel Time 
Code Field Field Code DiStance Distance Min Sec 

6 8 R2 West 1900 1900 08 42 

1 6 8 R2 West 1920 1920 09 12 

6 8 R2 East 2104 2108 10 01 

2 6 8 R3 East 2216 2218 10 32 

8 8 R1 2542 2542 11 17 

The occurrence of each new location region or event marker caused a new 
line to be printed; the most current line was printed at the bottom of the screen. 

b. Location Accuracy Summary DisElay. Another aid in the initial instal
lation and testing was an in-the-vehicle display which provided a reaJ:-time esti
mate of performance. This display indicated (1) the X and Y values corresponding 
to each checkpoint (vehicle actual location), (2) the X and Y values of each recorded 
location region (vehicle's estimated location), and (3) the computed delta distance 
or error between these two X, Y values. The format was the following: 

Checkpoint Checkpoint Location Signpost Region Error 
Number X Y X Y (feet) 

1 720300 403631 720100 403630 200 
2 721731 402245 721700 402250 31 
3 722190 401806 722185 401770 36 
4 722729 401.257 722730 401285 28 
5 723195 400606 723150 400580 52 

NOTE: The checkpoints provided by TSC were not loaded into the data recording 
software at any time during the Phase I test and calibration activities. 

In generating this display, input data consisted of (1) the lCU output data, 
(2) the stored signpost data base, and (3) a stored checkpoint data base. The 
signpost data base consisted of approximately 369 locations (refer to Section 4) 
stored on cassette and read into memory as par-t of the program "RANDOM". 
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Similarly, a set of 79 checkpoints generated by In3 (not the TSC primary or secon
dary checkpoints) were read into memory prior to running the program. 

3.2 RANDOM ROUTE LOCATION SUBSYSTEM DEPLOYMENT 

3.2. 1 Sign.pos t Deployment 

Signposts were installed in the In3 random route test area in accordance 
with a pattern which provided the specified coverage of the test area and is that 
pro{X>sed for the Phase II program. Thus, no location support equipment simula
tion, such as the expected Phase II SiN conditions vs. Philadelphia deployment 
SiN conditions, was required for the HI3 system. The test area was selected by 
'ISC and was composed of 40 square blocks which included virtually all conditions 
of a typical metropolitan environment. The area included high-rise, low-rise, 
narrow and wide streets, underpa.sses, tunnels, trolleys, commercial, industrial, 
and residential areas. The area was surveyed by HI3 and poles tentatively selected 
on 10 September 1976; pole agreements for these selected {X>les were contracted 
with the City of Philadelphia and the Philadelphia Electric Company. On 21 September, 
a data package was submitted to these agencies requesting permission to use 
selected poles. This permission was granted on 7 October 1976. A preliminary 
signpost layout was completed by utilizing 36 signposts (15 of which were used to 
simulate the infinite space 0: a wide area coverage). The signposts were coded and 
installed in a comparable area (street patterns and environment) of Fort Worth for 
preliminary checkout. These signposts allowed a determination of location to be 
made at any point within the random route test area (infinite space simulation). 
Originally, these signposts were operated at 27 MHz. However, after special 
tests in Fort Worth showed the superiority of 49 .MHz, all were converted to 49.860 
:MHz. This conversion process required o:'lly three (3) working days. Five addi
tional signposts were later added in Philadelphia in order to provide complete 
random route coverage within and in the vicinity of the 9 railroad overpasses and 
covered streets within the selected test area. 

The test vehicle was used to perform preliminary and special tests of the 
IS in Fort Worth. Upon completion of these tests, the signposts were transported 
to Philadelphia and installed by rn3 personnel in accordance with the original layout. 
Installation of the signposts required an average of 3.2 minutes per signpost in
cluding parking of the installation vehicle. This short time can be realized because 
rn3 signposts need not be located at any specific height and installation methods 
have been J.ll rfected on such programs as the Huntington Beach A VM System. 
Refinements of the layout included the movement of 5 signposts in order to take 
advantage of or to reduce the effects of peculiar structures which were encountered, 
particularly in and near tunnels. Sue h refinements were routine and were fully 
documented prior to the initiation of formal tests. No signposts were moved or 
adjusted in any manner after the initiation of formal tests. 

The rn3 Random Route test area is shown in Figure 3-12 along with the 
signpost locations and the signpost codes. Figure 3-13 contains photographs of 
all installed random -route signposts. 
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FIG. 3-13 RANDOM ROUTE SIGNPOSTS 
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Signposts were deployed in a grid and are coded so as to create North
South and East-West chains. Alot1g a North-~South chain, only the 7-BIT North
South fields of the signpost codes change, increasing from South to North. Along 
an East-West chain, only the 7-BIT East-West fields of the signpost codes change, 
increasing from West-to-East. Examples of these respective cases are clearly 
evident 0:'1 13th Street which is a (North-8outh chain) and Market Street which is 
an (East-West chain). 

Along any chain, receipt in the vehicle of the transmission from each of 
the two adjacent signposts provides sufficient information to allow the vehicle 
to identify up to 5 different location regions. This arrangement is depicted in 
Figure 3-14. The region nearest a signpost is called Region 1 and is declared 
as a result of receiving a valid Signpost signal which exceeds a predetermined 
signal level, Levell. Thus, a vehicle near signpost (6,6) at 13th and Market 
would store a "6" in its North register, a "6" in its East register and a "Region 1" 
code in its Region register. The resulting 18-BIT code would be as follows: 

North Field East Field Region Field 

[0 0 0 0 1 1 01 0 0 0 0 1 1 o I 0 0 0 0 

t t t t 
]\IISB LSB MSB LSB 

In the region between two signposts, (6,6) and (6,8), for example, the 
vehicle m.ay receive signals from both Signposts at equal or at different signal 
levels. Two types of information are used to determine the three overlap regions 
between chaining signposts. First, the direction from a Signpost is determined 
in the vehicle by comparing the 4 LSB's of the North and East fields received from 
two different signposts. The follOwing truth table is used to determine direction in 
the vehicle: 

Result of Comparing 4 LSB's of North/South and East/West Fields 

North/South EastLWest Declaratio:'1 

Increasing No Change North of 
Decreasing No Change SOilth of 
No Change Increasing East of 
No Chf!!.nge Decreasing West of 
Not Same Not Sa.me No Decision 

Thus, a vehicle leavmg 13th and Ma-r.ket, signpost (6.6), traveling East 
would recGive a signal from signpost (6, 8) at 11th and Market which, when the 
4 LSB's of the North-8outh and East-West fields were compared, indicate that 
only the East-West field was changing, and that it was mcreasing. Therefore, 
the vemde wuuld dElc1are that it was lIEnst or' signpost (6, 6), e. g., East of the 
mtersection of 13th and ![arket, ::Ill<lon Market Street. 
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The distance alO!lg Market would be determined (simultaneously with the 
determination of direction) by comparing the strength of the received signals from 
signposts (6,6) and (6,8). The following table identifies the results of this level 
compariso!l and Figure 3-15 illustrates the location of Region(s) 1, Region(e) 2, 
and Region(s) 3 relative to a pair of signposts: 

Signpost A 

Greater than Between -72 Between -82 
-58 dBm* and -58 dBm and -72 dBm 

Greater than -58 dBm RIA or B RIB R~ 
~ 
.... Between ~72 and -58 RIA R3A orB R2B 
~ 
0-

Eb Between -,H2 and -72 RIA R2A R3A orB 
..... 
CI.l 

*dBm refers to the power level in decibels above a milliwatt and is P(dBm) = 10 log10 
p(milliwatts). Thus power level of 1 mw corresponds to 0 dBm. -60 dBm corresponos 
to a power level of 10-6 milliwatts or 10-9 watts. 

Thus, if a, Levell (signal greater than -58 dBm) is received from a sign
post, the vehicle declares itself within the "Region 1" of that signpost or "at" the 
signpost. If a Level 2 or Level 3 is received, then either a Region 2 or Region 3 
is declared, depending on the relative field strength received from the chaining 
signpost. If signals are received from two non-chaining signposts, e.g., signposts 
(6,6) and (15,13) the information is ignored and the previous location region is 
retained in the vehicle unit. 

Combining the signpost code, region, and direction information allows each 
signpost to contribute to the formation of nine (9) location regions. For signpost 
(8,8) in Figure 3-12, these regions are as follows: 

Signpost Signpost Location Region ApprOximate 
Center of Location Rejp.on 

8,8 Region 1 11th and Arch 
Region 2 North of (8,8) 11th and Appletree 
Region 2 South of (8,8) 11th and Cuthbert 
Region 2 East of (8,8) 290 feet East of 11th and Arch 
Region 2 West of (8,8) 290 feet West of 11th and Arch 
Region 3 North of (8, 8) 11th and Cherry 
Region 3 South of (8,8) 11th and Filbert 
Region 3 East of (8, 8) 10th and Arch 
Region 3 West of (8,8) 12th and Arch 
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Note that the location region identified as IIRegion 3 East of signpost (6,6) would 
also be located at 12th and Market, the only difference between this region and 
Region 3 West of (6,8) being the referenced signpost. Thus,:in general, only 
five of the nine location regions associated with a signpost are unique, all Region 
3's being duplicated. During Phase I, a set of X, Y stateplane coordinates were 
assigned to each location region in the coverage area. Whenever a new l8-BIT 
location code was received, the vehicle was assumed to be located at the corres
ponding X, Y stateplane coordinates 0 

Repeating, for clarity, the makeup of the l8-BIT location region code for 
random route location with signpost (8,10) was: 

Sign..POst Code Region Field 
Direction Level 

North Field - East Field Field Field Region Name 

00010 o 0 0 o 010 1 0 X X X X 

0 0 0 0 Rl 
0 0 0 1 R2 South 
0 1 0 1 R2 East 
1 1 0 1 R2 North 
1 0 0 1 R2 West 
0 0 1 0 R3 South 
0 1 1 0 R3 East 
1 1 1 0 R3 North 
1 0 1 0 R3 West 

Also, the HI3 IS requires only one measurement to determine a new vehicle 
position, exactly as proposed for Phase II. 

3.2.2 Random Route Area l\<Iapping 

After deployment of the signposts in Philadelphia, the system was calibrated 
to determine the location at which the boundaries between adjacent location regions 
occurred. After determining these boundary locations, through use of the In.-vehicle 
display and manual analysis of listings of test cassettes, each location region was 
assigned a specific location region center, corresponding to a physical X, Y loca
tion in the test area. These locations were then utilized to create the $ignpost 
location region data base. DUring subsequent data processing, when an IS-BIT 
code recorded on cassette was processed, the vehicle's estimated location was 
given by the data base location corresponding to that 18-BIT code. Thus, a 
simple table look-up algorithm allowed the vehicle to be located at one of the 194 
unique locations in the test areaQ 
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The generation of these 194 locations was accomplished by recording 
signpost location region codes, fifth wheel distance data, and event codes while 
driving the test vehicle over all streets within the test area. The boundary tran
sitions were referenced (via the fifth wheel) to known X, Y locations supplied by 
the :MITRE Corporation (locations identified by use of event codes). Analysis at 
Fort Worth allowed these boundaries to be located on a test area map. This map, 
presented in Figure 3-16, reflects the "Center" of all location regions on the 
basis of compiling multiple test runs through each region, including runs through 
different lanes. The map "center" of a location region was selected so as to 
minimize the location error on the basis of test and calibration data through the 
use of the HI3 checkpoints. The centroid of a location region was selected as the 
point to be used in locating the vehicle when it declares a particular region code. 
In general, if a location region contained a street intersection, the center of the 
intersection was selected as the center of the location region. 

Checkpoint Location and Marking. On 2 December 1976, TSC 
provided HI3 with a list of sixty-three (63) primary checkpoints forty-eight (48) 
hours prior to initiating test runs 1 through 5. These checkpoints were identified 
in general (e.g., on Race East of 12th Street, West of Reading Railroad). HI3 
then identified specific landmarks: e. g., nearby street light, utility pole, sign, 
traffic standards, etc., which were approved by TSC as checkpoints. Each such 
point was identified by number, description, and location in terms of offset dis-
tances (X and Y) from the center of the nearest intersection. Subsequent to the 
completion of Test Runs 1 through 5, these offsets were translated into stateplane 
X, Y coordinates and became a part of the HI3 Data Processing Software Data Base. 
Random Route Runs 1 through 5 were completed on 7 December 1976. On 12 December, 
TSC provided a list of 62 secondary checkpoints which were used during Random 
Route Runs 6 through 10. Random Route Runs 6 through 10 were conducted on 
14 December 1976. 

3.2.3 Location Subsys tem Calibration 

Calibration of the LS for random route testing involves (1) the establishment 
of the threshold levels for Levels 1, 2, and 3 in the vehicle unit, (2) the calibration 
of the fifth wheel over a measured distance calibration range, and (3) the use of the 
calibl"ated vehicle unit and fifth wheel to map'the location area and generate the 
location region data base. Subsequently, only the threshold levels in the vehicle 
unit and the fifth wheel needed to be verified prior to the tests each day. 

X and Y coordinate offset distances of checkpoints were determined through 
the use of the fifth wheel and DMI and a Measure Master manual device; when this 
measuring device was rolled along the pavement, it provided a direct counter 
readout of elapsed distance in feet. 

3.2.3.1 Vehicle Unit Calibration. The calibration of the vehicle unit 
was verified on each test day with a calibrated signpost signal simulator and 
variable attenuator. Calibration involved attaching the output of the battery-powered 
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simulator to the vehicle unit antenna input connector with a short length of 
coax and a variable attenuator. The output of the simulator is -23 dBm. During 
calibration, the top of the vehicle unit box was removed in order to allow obser
vation of three Light Emitting Diodes (LED's) which lighted whenever Level 3, ~ 
and 1 were respectively tripped. The trip level, in dBm, was obtained by sub
tracting the attenuation setting required to cause a level light (LED) to be extin
guished from the -23 dBm val~e. Vehicle unit threshold level settings were not 
changed during random route testing. Threshold levels were -82, -72, and -58 
dBm, respectively, for Levels 3, 2, and 1. 

The threshold levels selected for use in the LS were determined so that 
they would provide adequate operation throughout a city (in this case the test 
area). Two factors influence the value of these furesholds: (1) the nominal 
spacing between signposts and (2) the RF background noise. The nominal spacing 
between signposts is primarily dictated by the street and block layout in a city. 
In most instances, HI3 Signposts are placed at intersections so as to take advan
tage of propagation down both streets in orthogonal directions. However, in some 
instances (e. g., signpost (15, 16) in the tunnel near Filbert and 8th) use of this 
method was not practical. Still, t.he threshold levels are set so as to divide the 
space between the signposts into location regions which allow the LS and system 
location accuracy specifications to be met. 

The influence of RF background .noise within the bandwidth of a signpost 
receiver is such that the signal-to-noise ratio at the receiver is reduced and the 
probability of an error in a recE;ived signpost transmission is increased. Although 
such an error will be detected and rejected by the vehicle unit's error filter, a 
missed transmission can cause an error if it occurs at or near a location region 
boundary. A survey of the in -band RF noise was made by HI3 as part of Special 
Case Tests and is subsequently discussed in subsection 9.2. Analysis of this data 
demonstrates that the normal urban RF noise environment has been properly 
accounted for in the HI3 system SiN design. 

3.2.3.2 Fifth Wheel Calibration. The fifth wheel and odometer were cali
brated each test day by driving a measured 1000-foot distance along Delaware 
Street. Neither odometer or fifth wheel calibrations were changed after initially 
being set at 979 and 872, respectively. With the exception of driving on ice and 
slush (when the fifth wheel introduced errors), both systems were always accurate 
within 0.2 percent of 1000 feet when the calibration was verified. 

3.2.3.3 Location Region Data Base Calibration. The ini.tial calibration 
of the location region data base was established through the use of the calibrated 
vehicle unit and the calibrated fifth wheel in the manner described in Paragraph 
3.2.1. During the 48-hour period prior to commencing each series of tests, 
the operation of the signpost system was checked to verify its operation by driving 
the test area and simultaneously observing the CRT display. During calibration 
runs, a set of HI3 checkpoints were used for which X, Y locations were available. 
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3.3 RANDOM ROUTE DATA ACQUISITION 

Test data were recorded on cassettes during all test runs. The sequence 
of events cQ'J.cerning data handling logistics is shown in Figure 3-17. Prior to 
a test run, header data identifying the test run parameters (refer to paragraph 
3.1.3.1) were recorded on each pair of cassettes under the control of the RA.NDOM 
computer program. 

A corresponding data log sheet-was manually filled out by the Program Test 
Director and signed by the TSC Monitor after each Test Run. Figure 3-18 reflects 
a typical log sheet. At the conclusion of the Random Route test runs, all data 

. cassettes were duplicated onto IBM compatible magnetic tapes 0 The master 
cassettes were retained by TSC trotil HI3 software was validated at MITRE. 

After keystroking the header data in respoo.se to prompters on the CRT 
display, the test vehicle driver proceeded to traverse the specified route. Passage 
of each designated checkpoint and each turn was recorded by keystroking the coded 
event marker. This action caused a time-coincident data record to be recorded 
on cassette. As a checkpoint or turn was approached, the test vehicle driver 
informed the test director/DAS operator to prepare for checkpoint NN. The 
DAS operator pressed first the CHECKPOINT function key and then keystroked 
the number NN. He then prepared to depress the RETURN key. As the test vehicle 
approached the checkpoint, the driver called out "standby", and then, as the front 
bumper of the test vehicle passed the deSignated checkpoint, he called out "MARK." 
Upon hearing this MARK, the DAS operator depressed the RETURN key. This 
action produced a data record and the appropriate checkpoint or turn number to be 
recorded on cassette. The Random Route Test Procedures are illustrated in 
Figure 3-19. All recorded data were retained and processed. No data were 
eliminated as poor or potentially poor. 

All Random Route Tests commenced at 7th and Market heading North on 
7th and ended at 7th and Market heading East on Market. The beginning and end of 
each run was indicated by entry of TA 64 (Turn 64) which was the number assigned 
by rn3 to the intersection of 7th and Market. 

The route traveled during Random Route Runs 1 through 5 is shown in 
Figure 3-20. TSC primary checkpoints are indicated by CP1, CP2, etc. Turn 
intersections. are indicated by TA7, TA44, etc. The specific locations and 
landmarks selected by TSC as primary checkpoints are identified in Table 3-1. 
When the test vehicle left the random route test area and headed West at 13th 
and Market, TA58 was entered. TA58 was subsequently entered again when the 
vehicle re-entered the test area at 13th and Market and headed East after com
pleting a turn-around at the City Hall. HI3 Data Processing Software was de
signed to ignore data between successive entries of the same turn in1ersection 
number. This algorithm was authorized by TSC and was designed to keep from 
processing data outside of the random route test area during "pseudo" checkpoint 
processing for system simulation. 
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TEST DATA LOG 

TEST RUN NO. l{ SHEET NO. L OF ~ 

TYPE OF TEST: DATE: /2-1-7 , 

BRIEF NARRATIVE DESCRIPTION OF TEST :rMC STtM'T 2c1;?S" GAll) ;7./50 

;atP 46 of £1-'0/ [~~';Jpt, 
J 

ROUTE IDENTIFICATION: 1" 5 c.. ~ . ·'ca u.,.;;b 

EQUIPMENT UTILIZED/TEST CONDITION: VEmCLE UNIT NO.: ;t. 
VEHICLE UNI'r THRESHOLD LEVElS: i-sri&,2 -7.2 u,4tJ 3 - f:J ,~ 
ODOMETER CAL:JiL FPp_2._STH WHEEL CAL ,.c:: FPP _..<;-'-__ _ 

Rl DROPOUT SWITCH: Off/On qfA 'OTHER : 

TEMPERATURE: 't 5 (j PRECIPITATION:~ ROAD CONDITIONS: W~ . 
TEST TAPE NO(S). 1·/ ' ¥ -~ FILE NO.' ,.." ...... 
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FIG. 3-18 HI3 'rEST DATA LOO 
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1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
19 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

TABLE 3-1 PRIM:ARY CHECKPOINTS 

LOCATION/ LANDMARK 

on 7th, curb northside of Market 
on 6th, Center of Filbert 
on Market, Center of 9th 
on Market, WIlstslde curb of lOth 
on Filbert, Fireplug after West Turn from 11th 
on 12th, Center of Commerce 
on 13th, Center of Filbert 
on 13th, Center of Cherry 
on Race, St. Light West of Reading Tunnel, Between 11th & 12th 
on Race, Center of 9th 
on Race, Freeway sign between 7th & 8th 
on Vine, Traffic Standard, Corner of 7th 
on Vine, Traffic Standard, Northwest Corner of Ridge 
on 11th, Center of Pearl 
on Wood, Center of lOth, Manhole Cover 
on Ridge, Center of Race 
on 8th, Center of Appletree 
on Arch, Center of lOth 
on 11th, Center of Cherry 
on 11th, Center of Spring 
on 11 th, Center of Vine 
on lOth , Center of Pearl 
on Vine, St. Ught Northwest of Train CNerpass Between llth&12th 
on 13th, Center of Pearl 
on 12th, Center of Poarl 
on 12th, Stop Sign, Southside of &1mmer 
on 12th, North East Curb of Quarry 
on 12th, Curb, Northside of Arch 
on 13th, Center of Appletree 
on 13th, Center of Summer, Fireplug 
on Vine, St. Light Northeast of Elovated Train Overpass Between 11th & 12t1t 
on lOti., Pole, Center of Winter 
on 10th, Center of Cherty 
on 10th, Northwest Curb of Filbert 
on Filbert, After 11th at East Edge of Overpass 
<;In Filbert, Black Pole Northside between 12th & 13th 
on 1~,th, Center of Cherry 
on l:lth, Center of Summer Fireplug (weEtside) 
on Vlne, Center of 11th 
on "inc. Center of 9th 
On :Rldge, Center of Race 
on !lth, Center of Cherry 
on lOth, North Curb of Arch 
on lIth, Center of Cherry 
on 12th, Center of Appletree 
on 12th, Center of Commerce 
on Market Curb Eastside of 13th 
on 13th, Center of Filbert 
on 13th, Center of Cherry 
on 13th, Center of Summer Fireplug (westside) 
on 12th, Stop Sign, South side of Summer 
on Race, between 11th & 12th, St. Light South Eastside of Train Overpass 
on Race, Center of 10th 
on Race, Sign Southside, Between 8th & 9th 
on 8th, Center of Appletree 
on 8th, Center of Filbert 
on Market, St. Light southside between 8th & 9th 
on Market, Curb, westside of lOth 
on Marlwt, Center of 12th 
on Market, Center of 12th 
on Market, Center of 10th 
on Market, Pole, Southside between 8th & 9th 
on Market, Centa- of 7th 
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The test route, secondary checkpoints, and turn intersections used during 
random route test runs 6 through 10 g;r~ shown in Figure 3-21. The specific 
secondary checkpoint locations are identified in Table 3-2. 

3.4 RANDOM ROUTE TEST DATA 

As pl'eviously discussed in Section 3.1.3, test data were recorded on 
cassette every 0.5 second. This operation resulted in over 90,000 records, which, 
if printed out, would produce over 90,000 lines of print. Tn order to reduce the 
volume of data for this report, HI3 wrote a computer program which prints out only 
those records which (1) contain an event marker or (2) contain a change in location 
region code. Only data of the type (I) and (2) are of interest during location sub
system data processing since only aata at checkpoints are processed. During system 
level processing, all records or tape are of interest. However, in the interest of 
keeping thjs report manageable, complete listings of random route' tapes have been 
provided to TSC separately. Listings of Random Route Test Runs 1 through 10 
which show records of types (1) and (2) above are included in the Appendix. 
However, a listing of Run 7 is presented in Table 3-3 in order to show typical 
random route dat a. A list of column headings has been inserted; otherwise data 
is a direct dump of Run 7. However, only records which contain a location region 
change and/or a manual event entry are listed. Note that the odometer/fifth wheel 
columns.:are presented in terms of the number of pulses. To convert these columns 
to feet, they must be multiplied by the FPP calibration number which indicates the 
number of feet per pulse. In all ca.ses during Phase I, this multiplier is two (2), 
so that the column values, when multiplied by 2 are converted to feet. 

By recalling that the HI3 vehicle unit stores the last received l8-BIT loca
tion code until a new valid code is received, it will be observed that either or both 
time and distance may change without a change in location code. Tn addition, the 
location code may change "toggle" while the vehicle is not moving, particularly if 
it is stopped in the vicinity of a boundary between two regions or in a location in 
which more than one IS-BIT code (e. g •• Region 3) is used to describe a region. 
For example, between Time 34 minutes 14 seconds, and Time 34 minutes 25 seconds, 
Run 7 data in Table 3-3 is observed to toggle between the three codes (12,06) R2N, 
(14,06) R2S, and (14,06) R3S. By }referring to Figure 3-12 and Table 3-2, it call 
be seen that Secondary Checkpoint 27 is located at 13th and Pearl, which is approxi'~ 
mately 1/3 of the distance North of signpost (12,06), between signpost (12,06) and 
signpost (14,06). Reference to Table 5-~{ will indicate that the location error 
incurred at CP 27 during Run 9 wa.s 51 feet. If, for example, the CP had been 
marked at a time in which the location code was (12,06) R2N, i.e., 2 seconds and 
38 feet later, the location error would have been 26 feet. However; in either case, 
the error would be con.c;iderably less than 300 feet. 

Another typical case occurs at Times 11 minutes 7 seconds and 11 minutes 
9 seconds in Table 3-3. In this case, the odometer readings are the same but the 
location (lodes are different •. ~ote, however, that (13,15) U2N and ~15, 15) RaS 
are regions ~ich share a conlmon boundary as illustrated \\n Figure 3-16. 
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FIG. 3-21 SECONDARY RANDOM ROUTE AND CHECKPOINTS 
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TABLE 3-2 SECONDARY CHECKPOlliTS 

LOCA TION / LANDMA RK 

on 7th, Fire Plug, Northwest side of Market 
on 7th, Center of Arch 
on 7th, Center of Race 
on Vine, Light Pole, North Side, between 7th &8th 
on 8th, Center of Race 
on Arch, After west turn on Arch, Fire Plug Southsidc 
on Arch, Center of Hutehison 
on lOth, Center of Filbert 
on M arkat:, Center of 11th 
on Market:, Overhead Sih",al Between 12th & 13th 
on 13th, Center of Cuthbert 
on Race, Wastebasket:, North Side, After turn on Race 
on Bace, Light Pole, East Side of Elevated Train Overpass 
on Haec, Center of 9th 
on 8th, Center of Cherry 
on ~th, "NO STOPPING" sign east side between Arch & Filbert 
on 11th, Center of Commerce 
on 11th, Center of Arch 
all 11th, Center of Quarry 
on 11th, "ONE WAY" sign, west side of Winter 
on lOth, Center of Spring 
on lOth, Center of Appletree 
on Filbert:, South side "NO STOPPING" sign, between lOth and 11th 
on Filbert:, at west edge of TW1\le! 
on Filbert, Black Pole, North East Side of 13th 
on 13th, Center of Spring 
on 13th, Center of Pearl 
on 12th, Center of Vine 
on 12th, Center of Applctree 
on 13th, Center of Race 
on 13th, Pole, South Eastside of Vioo 
on Vine, -'NO PAHKING" sign, south Eastside of elevated Train Overpass 
on lOth, Center of Winter 
on lOth, Center of Cherry 
on Arch, "NO PARKING" sign, west of 11th & East of Elevated Train Overpass 
on Arch, Overhead Traffic Signal, West of Elevated Train Overpl\Ss, & East of 12th 
on 12th, Center of Cuthbert 
on 12th, Edge of Building, Northside of Market 
on Vine, Center of 12th 
on Vine, Center of lIth 
on Vine, Center of l~th 
on Vine, Center of 9th 
on 7th, Telephone Booth, Westside, Between Race & Vine 
on Vine, Center of 8th 
on Vine, Center of 9th 
on 11th, Center of Pearl 
on 10th, Center of Pearl 
on 10th, Center of Spring 
on Cherry, Light Pole, Eastside of Elevated Train Overpass, & West of 11th 
on Cherry, Light Pole, Westside of Elevated Train Overpass, East of 12th 
on Cherry, Center of Iseminger . 
on 12Ul, Center of Pearl 
on 12th, Center of Spr,ing 
on Race, Center of 11th 
on lOth, Center of Cuthbert 
on Market:, Traffic Light:, Nothwest Corner of lOth 
on Markot:, Center of 11th 
on Market, Overhead Signal, Between 12th & 13th 
on Market, Overhead Signal, Between 13th & l:Jth 
on Market, Center of 11th 
on Market, Center of 9th 
on Market, Center of '(ill 
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TABLE 3-3 LISTING OF RECORDED RANDOM ROUTE TEST DA.TA 

FIFTH WIIE~L FEF.T/r·UlBF. 600~ 
000 ()(. 1~ IlJ 

fA 064 IJb 1:" HI 
CF' 001 06 1~ fn 

000 06 12 R? N 
000 08 1'1 £<:1 S 
000 06 1 .. 1 h'~ N 
000 06 '12 fn Il 
000 06 ~2 R:.? N 
000 08 1:? r,~ 5 
000 03 1 ! at 

CF' 002 OfJ 1:"' fd 
(j00 O~ 1~' k;? II 
000 08 1:' RL 
000 08 L:> k:' 1/ 
000 08 12 Pi 
000 QG 12 R!:! N 
000 08 l~ Rl 
000 09 12 1<3 II 
000 OS 12 l<~' N 
000 ~O t~l k:; 5 
<l00 09 J ~ R~ N 
000 1', 1~ k~ S 
000 10 L~ R:'''' t:; 
000 It) 1.' RL 
000 10 3.2 R:I S 
000 10 1:> Rt 
000 10 t-:.2 R~l B 
000 10 l2 Rl 
000 10 1~~ ro 5 
000 10 12 1<1 

CP 003 1(\ 1:'> Rl 
TA 029 10 12 RI 

000 10 1:> R2 N 
000 10 t::> f~3 II 

rA 090 10 1:> 1<:\ U 
000 12 J"' ~:, !:i 
000 12 1;.' r; 

Ul 019 l~ 12 kl 
Cf' 004 12 1~ til 

(lOO 12 t:· FU W 
fA 018 l' 1~ ~~ W 

(lOO 19 16 r, .. ' S 
(lOa t9 16 fn H 
000 19 16 F<2 G 
000 1.7 16 1<;' II 
000 17 16 RI 
000 10 10 HJ 
000 17 16 III 

r;1' 005 17 16 HI 
000 16 16 R3 II 
000 16 16 c':' '" 
000 16 16 RL 
000 15 16 R;') N 
000 16 J6 R.3 S 

TA 044 16 16 Il, S 
000 15 16 RI 
000 00 12 R2 W 

CP 006 00 j 2 R::! W 
000 08 10 R:I E 
000 09 10 R2 E 
000 OB to R2 II 
000 OH 10 fl:;) E 
000 08 10 f<1 

1:1' 007 08 10 RI 
000 00 10 R2 W 
000 OB 10 .<3 W 

rA 0~2 Oil 10 R.' W 
000 lG 1S Ul 
000 1b l!1 H_' S 
000 if) I~; w,! N 
000 HI .t~ H1 

t"P OOB 1~ 15 F\1 
ono Ll lr, rM N 
000 \.i 15 k:2 N 
OOQ 15 15 R:1 5 
000 13 LS R.2 N 
000 15 15 HJ S 

rA 061 13 J5 Rl 
000 06 10 R2 W 
oeo 06 08 R2 E 
OQO 06 .to R2 W 
900 06 DB R2 E 
000 06 DB III 
000 06 08 R2 E 
000 .06 OB R3 E 

O[tOl\UH~ l·lLl/f·ULSl 0002 
00 50 
01 37 
01 44 
01 51 
01 !j4 
01 56 
III 57 
OJ (.10 
O~ O!! 
02 26 
0: ~O 
0:1 14 

tl 00111; 
o 00206 
o C·O.:.'62 
o 00JJ8 
o 00379 
a 0040~\ 
a 00416 
rJ 00452 
n :l(l'l69 
o 00~09 
o 005R~ 
1] 00/J8·5 
o "1)687 
o OOIOJ 
11 007101 
o 00117 
n 007'0 
n 007'<0 
n OI)?H 
n 00744 
o ()Olhl 
I) Ol>/BI> 
" OOB4A 
o 0085:1 
o 00856 
(1 00B60 
o OOBn 
o 0001>3 
n 008>15 
U 0088R 
tl 009:'" 
U 0094', 
o 010;'3 
o (>1116 
o 01123 
II 01155 
[i 012=':? 
11 Ot~Ii"6 

U 013',1 
l) Ot3111 
11 ()1411, 
(1 014:'6 
q (\1.459 
U (l1471 
I) ()t4;? 
It Ol~i~1, 

II 016.\~ 
{, u163" 
(l 017:'1 
o OW01 
o ('lIn6 
t· 010"/, 
U O:'()11 
fl O?046 
a (12059 
a 02070 
o 020/7 
o 020110 
o 020fll 
o 02167 
Cl 02113 
o 021,/', 
o O:'2J-l 
o O:'!4nH 
(J 0244l 
tl 024hl 
a 02491 
o O~509 
o O:!5:':? 
IJ 025:,H~ 

t\ O~!.I,n 
(1 02~?4 

() O~l.tl t 
II 021lJO 
1I 02833 
II 02B38 
o 021l3B 
o {)~~8f)6 ' 

02BB3 
02909 
0291~; 

02941 
029~2 
02964 
()29/5 

a 
l) 

11 
II 
o 
11 
o 

(\'{'O()o , 

F 1)000(' T 
F OOvO() 1 
r 00000 T 
F 0000,1 r 
F 00000 T 
F 00000 r 
F 00000 T 
F 00000 T 
r 00000 r 
I (JOO(~\J T 
r (H)OOO I 
r (.()OOO r (13 ].4 

F (IQooe Q~ 18 
r OJ O!>O 1 -f}J 19 
f Qnooe T t).l 20 
F 00000 r 01 ~1 
r OOOvO r 03 24 
f ~)('COO r (n :26 
I 00000 T 0:1 ;'/ 

{)(){;('(I I .)4 Oil 
(,(10( •• ) Tt'·, 06 

f- ClClOOl' r 04 1;' 
f. onooo I ~J4 tit 
F OOOIlO 1 ·'4 1;. 
F 00000 r n4 1) 
F 000(10 r 04 L8 

()OC"JO r 0·, ~O 
F OOOa~ T 4 21 
F 00000 r 04 "l') 

J. Quono 1 v~ j l-
I C)OO(IQ T l)~. 19 
F OOOCO r O~ 30 
"I)nooo r 05 ~5 
F 0,,000 r OG ~6 
F 00000 T 05 J8 
F 00000 T os 45 
F MOOO • 06 01 
F OOOt'\1 t ()'1 12 
t- ()(If,H}O 1 0.., l6 
I OOO.Hi T (In 21 

\10000 r 01"> ~J3 

f ("10000 r 06 26 
F- Ot)OllCl I 06 ::7 
F (Jor{)O 1 06 18 
t O(HH)O I vI, 31 
F f'()O{)O 1 07 1:1 
F OOOOU I Ol 14 
F f}\)(J\JO T () I ::.!7 
F- O()(}(JO T 07 :-14 
~. Cv'}l,)(\ I 0/ \} 
f 00000 T (" 38 
r OUOf/t1 I 0'1 5/ 
~ OOO()(, r .)0 03 
r OOO"U r u~J o..s 
I 00000 T .18 Or, 
F 000,'0 T OR 1(, 
,. OOO()O 1 (IS 10 
F 00('1(;0 1 08 1:.' 
r 00000 1 08 21 
F 00"00 OS :?? 
r OO(,Of) QI~ !.!:> 
f OOtlOn 
F oOr;iHI 

OO:,IJO 
OC~"')(I 
OOOili> 
oo.;)O~) 

I)()O·'O 
00(,'0 

f 00000 
n()(ltJo 
OO(l()O 
()OO(HI 

F 00000 
F Q000Q 
F 00000 
F 0(001) 
F 0(1000 
r 110000 
F 00000 
f Oooon 
.. OOOC!U 
r OOh(1(1 
F' 00(\,)(1 

r ,It> :.,t~ 

I'll ,l~j 

I'U 4H 
r~ ~l 

T OQ u ~ 
, .)9 ().Ij 

T 01} Ot~ 

T 0'1 0;' 
T "/t 10 
1 09' 2 ..... 
I O?· .'1 
1 U (j~. 

'·L.n 06 
T 11 07 
r 11 oq 
1 11 l~ 

,':':'11 21 
·.T···ll :!~ 

l' 'fi "r!!} 
T t i ~a 

1 11 29 
1 J L 30 
T L1 3; 

00(', 
cr- (f09 

000 
000 
000 
000 
000 

CF' 010 
TA 058 

000 
000 

C1' 011 
000 
000 
000 
000 

TA 0"'1 
CF' 01~ 

o~o 
00(· 
000 
000 
000 

C1' OB 
000 
000 
000 
000 
000 
000 
000 
000 

C1' 01~ 
000 

TA 028 
DOl' 
000 
000 
000 

CP 015 
000 
000 

C1' 016 
000 
000 

T~ 063 
000 
000 
000 
000 
00·) 
(j0') 
OOv 
000 
000 
000 
000 
00(,1 
000 
000 
OOu 
000 

m 060 
CF' 017 

000 
000 
oo~ 

CF' 01R 
000 

CP 019 
00.; 
000 
000 
000 
000 
000 
000 
000 
000 
000 . 
000 
000 
000 
000 
000 
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.'111 
06 
Of; 
06 
06 
06 
0" 
06 
06 
(l~ 

09 
08 
08 
16 
10 
10 
10 
10 
t<1 
10 
10 
10 
10 
10 
10 
10 
J7 
16 
10 
to 
10 
10 
)0 
10 
H' 
i7 
16 
16 
16 
16 
15 
15 
l~J 
1~ 
13 
13 
06 
('4 

06 
06 
t·6 
,'6 
06 
06 
06 
13 
06 
06 
06 
06 
06 
06 
06 
M 
l!, 
OR 
08 
08 
L6 
16 
10 
10 
.0 
10 
10 
10 
10 
.t:.l 
10 
1:! 
12 
10 
12 
10 
12 

OH 
Oh 
08 
06 
O~ 
06 
Ob 
06 
Oh 
06 
06 
1l 
06 
06 
06 
06 
06 
"IJ 
01 

0/ 
07 
07 
Of! 
08 
Ib 
tG 
08 
',10 
10 
10 
10 
1(> 

H 
16 
16 
j{, 

16 
16 
16 
L6 
16 
II, 
It. 
16 
12 
10 
10 
to 
10 
10 
1<) 

Of) 
10 
21 
OB 
to 
DB 
08 
08 
08 
08 
08 
1.4 
Of! 
OB 
\JCj 
14 
14 
Oll 
Of! 
lIS 
08 
08 
08 
OR 
08 
08 
08 
08 
(lB 
Oil 
all 
"a 

~1 

1'1 
R~ W 
RJ [ 
R:::! W 
[;'3 E 
RI 
Rl 
I<L 
R.~ tl 
R2 ~ 
R.' S 
kl 
Rl 
R:2 B 
Rl 
Rl 
R1 
R2 E 
"3 W 
1<1 
K'l W 
kJ [ 
R3 E 
fa 
R::' E 
r<: S 
R3 N 
f..~:2 E 
1~3 l 
H .. " W 
~'I 
1<1 
f."? F 
fn ~ 
R;' q 
R.~ II 
R:? N 
1<1 
Rl 
R3 fl 
Rl 
1<1 
R::' 5 
R.'i N 
h,3 N 
k:' W 
R,O: F: 
R2 E. 
IU 
R2 E 
Rl 
k? W 
R..1 r 
R3 w 
Rl 
R2 E 
R.l W 
R2 E 
III 
R:! E 
Rt 
RI 
III 
r<1 

.'1 
f<1 
fit 
R1 
R:? W 
1<1 
1<3 W 
k1 
R2 N 
"-I 
112 N 
R3 S 
R2 N 
R3 S 
R:! S 
R3 N 
R:~ ~ 
k:1 N 
R2 S 

II ,,;If},I! 
II j) ~v16 

U (dUJ:! 
lJ 01191 
o 03238 
a 03295 
a 03~4' 
o 03~76 
o 03529 
o 0.~615 
o ()~69~ 
n 0."86 
U 0.3803 
[J 0-40.,:, 
o 000-45 
G 0009L 
o 0(\139 
a 001:5::; 
o 002S1 
() 00251 
(} 0039~) 

o 00507 
II 00523 
o 0052' 
a 'J05H 
a 0079~ 
(I ooalS 
U OOSH) 
l) 0081\5 
o 008i.8 
() 00877 
(I 0()994 
II (Jl'j3~ 

I) ·)110H 
{t (11:?/ .• l 
fI ('131~ 
I) 013:' 7 
11 01386 
o (Jl~n 
II 014:!£, 
o 01fJ7;! 
o <>1601 
n 01693 
o 0180:\ 
'j l)189fl 
11 019:':' 
n 01978 
CI .·H9B~i 

I) 02<>3 .. 
(I 02011', 
.) 021~lh 
(I 0."149 
U 0:-!3:?f) 
o (l':!43.t; 
o 024~0 
o 02455 
a 02466 
o 024R4 
U CJ:2ti02 
t1 02526 
o 02574 
[I 02589 
(I 02650 
(j 0276'1 
() 1)282>1 
IJ 02977 
o (H021 
11 ·)30!,')b 
n (',P',H 
rI 03~IU.·· 
(J OJ/90 
(I Oi3 .. ',c" 
(I OJ34~1 
II 0.334:" 
:' 0340·' 
(t 0348'1 
a 03~?H 
o o:ml::' 
Q 03!i26 
o 0353~ 
o l)354Q 
o 03556 
(] 03550 
rJ 0356) 
(I 03562 

1= ()O,W() 

I t,)0(}OO 
r (JIII.J'IO 

r 00000 
F 00000 
r 00000 
F 00000 
F 00000 
r 00000 
F 00000 
r 00000 
F OOO,'() 
F 00000 
F OOO()O 
r 0'1000 
F (100M 
F onooo 
F ooono 
F O(lO{)O 
F 000.')0 
F >10000 
F IJOOOO 
r (1)000 
F 00000 
F onooo 
F OOO()O 
F 1,0000 
r 1)0000 

00000 
OOO{IO 
OOovO 
OO(}(JO 

I" OOOv() 
I .!."j'\(IO 
r 0000(, 
F O:JOO(I 
F 00000 
F OO\~('\'1 

F 00000 
F 000(10 
F 00000 
, 00000 
f OOOCIO 
I· OOOUO 
f OOOIlU 
1- OOOllO 
r OOO(l~) 

I 000(;;0 
j: ooouo 
1- OOlhl(} 
r- ()o)ouCJ 
.. ,,0(-.10 
r OOOOl) 
F ·.)0000 
F (10000 
F 00000 
F 00000 
r 00000 
r 00000 
f ()OOOO 
~ 00000 
I OoO'~O 

ooooc 
')000(1 

~ 0')(100 
f OO(JO() 

F OvOOO 
f 1)o"'o·'h)O 
r (1)('\10 

I ,,0000 
r· QOOO\l 
I \)(lon.::. 
f- t'"XI{J,I:> 

()l)O·)O 

I OOC}')(} 

0001)0 
00000 
000(00 
00000 
00000 

F 00000 
• ()Oo.)O 
r 0000,' 
I noooo 
r· (lOonO 

1 11 3'< 
T 11 41 
T 11 '39 
T 1~ 02 
T 12 08 
T 12 25 
T 12 ~3 
T 13 1~ 
T 13 36 
T 14 01 
T 14 0:< 
T H 20 
T H 33 
T 15 13 
r 15 27 
1 15 S-i 
r 16 00 
1 16 O~ 
T 16 28 
r 16 29 
T 16 54 
T 17 04 
I 17 at. 
T 17 06 
T 17 08 
T 17 44 
T .tS 05 
T 18 06 
T 10 09 
T 10 12 
1 18 13 
T 18 2'5 
T HI 2'1 
T 18 ~3 
T 1933 
T 19 J9 
T 19 ~1 
r 19 1" 
T 19 ~7 
T 19 50 
r 20 0-4 
r 20 O~ 
1 :20 t5 
T :"0 :?~ 
T ~O ;34 
T 20 43 
T 20 45 
T :..'0 46 
r :m 5-4 
r 20 58 
T :~1 02 
r ~1 O~ 
r 22 00 
r 22 1\5 
T 22 ·l'l 
r 2::1 4) 
T 22 48 
T 22 ~jll 

T 22 51 
T 22 53 
T 22 57 
T ?:? 59 
r 23 41 
T 2J 57 
r 24 (H 
f :!4 2~' 
T 24 :~5 
T !.:'4 ,1!1 

, ::!4 41 
T 2S 1)0 

T 25 01 
T !:<j os 
T 2!J 01 
T 25 OJ 
r :!5 20 
T :!5 20 
r !,IS 2l 
T ~5 23 
T .15 24 
T 25 25 
T 2~ 2:1 
T 25 28 
T 25 29 
T :"5 :10 
r ?ti ~~o 



TA.BLE 3-3 LtSTING OF RECORDED RANDOM R:0UTE TEST DATA (CONT'D) 

{JOO 
000 
000 
000 

CP 020 
000 

rr. 013 
000 
000 
000 
000 T., 01~ 
000 
000 
000 
000 
000 
000 
000 

CP 021 
000 
000 
000 
OM 
000 
000 

r:p 01']"1 

000 
000 
000 
000 
000 
000 
000 
000 

rA 052 
000 
000 
000 
000 

CP 023 
000 
(\00 
000 

CF' 024-
000 
000 

rF' 025 
TI' 047 

000 
000 
~OO 
000 
000 

rp 0~6 
000 
000 
000 
000 
OuO 
000 
000 
000 
000 
000 
000 
000 

CF 0127 
000 
0')0 

U.001 
.1(·v 
':'''0 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

10 
10 
12 
12 
12 
12 
12 
12 
12 
19 
l~ 
12 
17 
19 
17 
17 
P 
19 
17 
17 
17 
17 
16 
16 
l' 
11\ 
16 
15 
1~ 
1~ 
15 
15 
15 
15 
15 
15 
15 
1:; 
IS 
15 
15 
15 
1~ 
15 
15 
I" 

.. l!i 
15 
15 
00 
OB 
16 
10 
1(). 

10 
10 
10 
10 
10 
t2' 
10 
to 
12 
)? 
12 
.t4 
I" 
t4 
12 
14 
14 
19 
19 
I? 
I~ 
I" 
19 
17 
19 
.19 
19 
19 
19 

08 
De 
DB 
DB 
DB 
08 
OB 
DB 
08 
15 
08 
08 
15 
1S 
1~ 
15 
15 
15 
15 
15 
15 
15 
lJ 
15 
t ~j 
l~i 
15 
15 
IS 
(5 
1'; 
15 
15 
15 
15 
~5 
lS 
15 
14 
14 
i-I 
14 
13 
13 
13 
11 
1.3 
Ll 
13 
f)6 
06 
11 
06 
06 
06 
06 
06 
06 
06 
06 
()6 
()6 
0,1 
06 
06 
,16 

06 
06 
06 
"0 

06 
11 
II 
11 

II 
1 .~ 
l! 
1.\ 
1;1 
13 
13 
13 

"3 II 
R:! N 
R3 S 
R2 S 
R2 5 
fli 
Rl 
R2 W 
fli 
R3 S 
R2 E 
R:! E 
R2 N 
rn S 
1':1 
R~·I It 
III 
P3 S 
III 
RI 
,,3 S 
112 5 
1':3 II 
R2 N 
1-(3 S 
Il'. 
III 
R3 II 
R2 N 
R3 5 
R2 N 
R~ N 
RI 
R2 S 
RI 
R~ 
R2 S 
R2 U 
1<3 E 
k2 E 
R2 £" 
III 
R2 (;' 
F:I 
IH 
R~ W 
R3 1,1 
F:3 W 
FI" W 
r<:! s 
1<1 
RI 
Rl 
R:! N 
R2 II 
Rl 
r:.;~ N 
1<1 
F. ... N 
R3 S 
R2 N 
"3 N 
R2 5 
Rl 
k2 N 
R~ S 
R3 5 
R"i q 
R~ N 
FL .. 1 S 
t.',: S 
rn 
k I 5 
"I 
ro N 
.::1 
R:! W 
113 F. 
Rl 
R2 W 
III 
R2 W 
1'<1 

II OJ~b'l 
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000 P 16 113 N 0 vlti05 F 001100 I 60 II. 000 j2 07 1<2 loS o 00706 F 00000 T II 31 
000 12 10 III a 01538 F 000\10 T 60 07 000 19 13 113 S o 00716 F 00000 T :1 32 

CP 045 12 10 III 0 (11562 F 00000 r 60 09 000 17 13 R2 N o 00737 F 00000 T 11 34 

oon 12 10 R2 W o Ot755 F O()ttQO T 60 }.:< 000 17 13 Rl o 007~1 F 00000 T 11 3~ 

000 12 10 R;l w o 01777 F 00000 I 60 2-* CP 053 17 13 III o 00B96 F 00(100 T 7.t 51 

000 12 08 R2 E o 01791 F 0000(1 I ,,0 ::!5 000 17 13 112 H o 009~6 F 00000 T 71 sa 
000 19 15 1<3 5 o 01904 F 00000 r 60 35 000 17 13 I'll o 00950 F 00000 T 71 S8 

000 12 08 R2 U o 01946 F 01)000 r 60 39 TA 023 17 13 Rl o 00981 F 00000 Tn 03 

000 12 08 111 o 01951 F 00000 r 60 40 000 10 07 Rl o 00999 F 00000 T72 07 

000 12 08 R2 W o 01966 F 0('000 T 60 41 000 10 07 1;3 E o 01126 F 00000 T 72 19 

000 12 08 Rl o oj 971 F 00000 r ('0 4: 000 10 08 III o 011~6 F 00000 T 72 20 

000 12 08 R2 W o O?030 F 00000 r 60 49 000 10 08 f;'2 W o 01145 F 00000 T 72 21 

TA 01:1 12 08 III o 02032 F 00000 I bO 50 000 10 OB Rl o OtHB F 00000 T 72 22 

000 12 oa R~ N o 0;0060 F 0(,000 T 60 55 000 10 07 1';3 E o 01156 F 00000 T i'~ 24 

000 12 08 R2 U o 0:'071 F 00(,00 r 60 57 000 10 oa Ci"~ o 01156 F 00000 T 72 24 

000 12 OS Rl o O.!074 F ~"OOO I 60 :;7 CP 054 10 oR Fll o 01197 F 00000 T 12 54 

000 12 08 R3 N o O~OB6 F 0')')00 T 6(1 SSt 000 10 Oil R:" E o 01423 F 00000 T 74 12 

CP 046 1:2 08 R3 N o 0~105 F 00000 61 01 Til 026 10 08 R;~ E o o)J 426 F 00000 T l~ 13 

000 12 08 R2 IJ o ,)2115 F 00000 61 Ol 000 16 U:i R3 N o 0,1441 F 00000 T 7~ 15 

000 12 OB R3 N o 02119 F 011000 61 03 000 17 15 R2 S o 01447 f 00000 T 74 16 

000 14 08 I'll o 02157 F 0('000 61 09 000 11> l5 R; N a 01468 F 00000 r 74 19 

000 14 08 R3 S o O~HS9 F 00000 61 10 000 16 15 R2 N o OJ507 F 00000 T 74 26 

TA 003 14 08 R2 !, o 02162 F ooono 61 10 000 16 J5 1/1 o 01514 F 0000(\ T '74 27 

000 14 08 R3 5 o 02167 F OOOO() 61 11 000 16 15 R2 N o 01518 F 00000 1 74 2B 

000 12 08 R2 N o (12185 r 00000 61 15 000 16 15 Rl o 01522 F 0001)() 1 14 28 

000 19 15 Rl o 02276 F 00(100 61 2S 000 16 15 R2 S o 01~8B F 00000 T '15 30 
TA 004 19 15 Rl o 0:'394 F 00000 62 10 000 16 15 PI o 0169S r OOOM T 75 32 

CP 047 19 15 Rl o 02438 r 00000 62 16 000 16 15 R2 5 o 01702 f' 00000 T 7S 32 
000 19 15 R2 S o 02591 F 0(1000 T 63 26 000 15 15 R3 N o 01712 F 00000 T 75 33 

000 17 15 R~ N a 0;1595 F O()OOO 1 63 26 OOD 15 15 R2 N o 017~0 F 00000 T 75 36 

000 17 15 R2 N a 02635 F 00000 I b3 3() 000 15 15 R3 N o 01753 f' 00000 T 7538 

000 17 15 Rl o OJ6S6 F oococ T 63 & 000 1:1 1:; Rl o 01775 F 00000 r 75 41 

CP 0~8 17 15 Rl o O:O!7~S F 00000 I 63 41 000 15 15 R2 N o 01795 F 00000 r 75 44 

000 16 15 R3 N o O?855 F OVO()() 1 64 1;) 000 15 15 Rl o 01821 F 00000 T 75 47 

000 17 15 R? 5 a 0286:! F 00000 I 64 14 P 055 15 15 Rl o 01H65 F 00000 T 75 52 
000 16 15 F:3 N o 0:'866 f' 00000 I 64 14 000 15 15 R2 5 o 02034 F OO()OO T l6 21 

000 17 15 R2 S a 02898 F 00000 I 64 19 000 13 1:5 R3 N o 02092 F 00000 T 76 28 

000 16 15 R3 N o 0;1906 F 00000 64 20 000 15 1'> R~ S o 02089 F 00000 T 76 29 

:- 000 16 15 l'It a OZ'165 F OOOQO {o4 30 000 15 15 R3 5 o 02093 F 00000 T 76 30 

TA 033 l6 1~ Rl o 0:1033 F OOuOO 04 :58 000 13 15 R2 N o 02096 F 00000 T 16 31 

000 16 15 R2 loS o <13139 F 00(100 M 54 000 15 15 R3 S o 02097 F 00000 T 76 59 

000 16 14 R3 E o O~lS0 F 00000 64 5:> 000 1:1 15 R2 N o 02109 F (lOaOO T n 02 

000 16 14 Rl o OJ253 F 00000 I 65 11 000 15 15 R:1 s o on17 F 00000 T 17 03 

000 16 14 R3 E o 03265 F O~OOO T 65 1:< 000 13 15 R2 N 0 02127 F 00000 T 77 05 

000 16 14 Rl o 0:3276 F 00000 -I 6S 1~ 000 13 1::' Ri 0 02137 F 00000 r 77 OB 

CP 049 16 14 Rl o 03317 F 0(,000 T 65 20 000 13 IS R2 N a 02138 FOOOOO 1 77 08 

000 16 14 R2 loS o 03376 F aoooo 'I 65 27 A 061 13 15 R2 N o 02141 f 00000 T n 10 

000 16 13 R2 E a 033B! F 00000 I 6S 26: 000 13 15 Rl o 0214~ F 00000 T 17 11 

CP 050 08 07 RJ N a 03399 F 00000 r 6S 30 000 06 08 R3 E o 02147 F 00000 T 17 17 

000 16 13 liZ E a 03416 F ooono r 65 32 000 13 15 R1 o 02150 F 00000 T 17 18 

000 16 11 Rl o 0:3435 F 00000 ciS 34 P 056 13 15 Rl a 02151 F 00000 T 77 18 

000 10 06 R3 S a 0;\653 F ON)OO T 66 5B 000 06 lO R3 W a 0216:2 f 00000 T 77 21 

CP 051 10 06 R3 S o 0:<657 f 00000 1 66 59 000 06 1.0 R:;J II o 02167 F 00000 T 17 22 

000 16 11 Rl o 0:"({,87 F O(H)QO 1 67 02 000 06 all R2 E a 0:>t7P F 00000 T 1724 

TA 030 16 11 Rl o 03710 F 00000 1 67 1:> 000 06 09 R3 E o 02191 F 00000 T77 26 
000 10 06 R1 o 03839 F 00000 T ~7 31~ 000 06 08 R2 E o 02216 F 00000 T77 29 

000 10 06 R:! N [) 03974 r 00000 T 67 5l 000 06 08 1<1 o 02259 F 00000 T 77 33 

000 12 06 R:i S o 04029 f 00000 T 67 57 000 06 08 R2 E o 02264 F 00000 T77 3~ 

000 10 06 RO N o 04042 F 00000 1 67 ':;9 000 06 08 Rl o O::!28:t F 00000 T 17 35 

000 10 06 1<3 N o 04046 F 00000 T 6'/ 59 CP 057 06 08 Rl o 02366 F 00000 T 78 20 

000 12 06 R2 :;; a 04050 F 00000 r 68 00 000 06 08 R2 IJ a 02436 F 00000 T 78 ,~o 

000 12 06 Rl o 00003 F 00000 r ~s 06 000 06 OB 1'<1 a 02444 r 00000 T 71l 31 

000 12 06 R2 N o 00196 F OOO'H) r i/I 21 000 06 00 R2 W o 02575 F ooapo T 78 49 

000 1>1 ·16 R:l 5 o 00201 r 00000 1 1)9 22 000 06 06 R3 E a 02575 F OOO~O T 78 52 

000 14 06 R~ S Q ()O2.50 F O{,()qO r 69 :')8 000 06 08 R:' IJ o O~S75 F 00000 T IB 56 

000 P no P'I N a OC>259 F 00000 r 6'1 29 000 06 06 R3 E o 0:>575 F OUOOO T It:! 57 

000 12 06 R3 N a OO~61 F O()tJOO r 69 JO 000 06 06 Rl o 0:'708 F 00000 T 19 20 

TA 001 12 06 R3 N a 00270 F oonoo 1 69 ~~ 000 06 06 R2 E o 02714 F 00000 1 79 21 

~ 000 14 06 R2 S o 00272 F 00000 1 .\'/ ,!:' 000 06 Ob Rl o 0:)726 F 00000 1 19 22 

000 19 11 Rl o vn275 F 00000 r 69 3:! CP 058 06 06 Rl o 0~768 F 00000 T79 26 

000 19 13 R3 II o 00139 F 00000 T 69 -11 TA 058 0>'> 06 R1 a 02821 F 00000 T AO 08 

000 19 13 R1 o 00400 F ooaoo 1 6~i 47 000 15 11 Rl o 03058 F 00000 T 80 59 

TA 002 1'1 13 Rl o 00493 r 00000 'I 70 07 000 06 06 R1 o 00190 F 00000 r as 15 

CP 05:? 19 t:..~ III o 00539 F 00000 T 10 21 TA 058 06 06 Rl o 0()272 F 00000 T 8S 38 

000 12 07 Rl a 00607 F 00000 T" J() 29 CP 059 06 06 Rl o 0:')322 F OQOOO T 86 06 

000 19 13 W' S o 00616 F 00000 T 7iT 31 000 06 06 R2 E ,0 00367 F 00(,(>0 T 86 11 

... 000 12- 07 R~~ E. o "('639 F OCOilO 'I 71 24 000 06 06 R3 E ,? 00397 F 000<>0 T R6 48 

000 19 t:! RJ S o OOM7 " OC(\OO T ;'1 25 000 06 06 R~ E o 00421 f" 00000 T 06 51 

000 12 07 R~ W o 00652 F 01'000 T 71 25 000 06 06 R3 E o ,D0468 F 00000 T A6 55 

ono 17 13 R3 N o (1)<166 r O()(JOO 1 11 27 000 06 oe 1<1 0' 00625 F 00000 T 81 09 

000 12 07 R!·~ loS o 00670 F t)~)OOO r Ii 1~ CP 060 06 08 Rl () 00723 F 00000 1 117 21 
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TABLE 3-3 LISTING OF RECORDED RANDOM ROUTE TEST DATA (CONTID) 

000 06 on HZ E a 0')1186 F 000(10 r A8 3\1 
000 06 08 "'3 F. a 009')4 F 00000 r I:n 4:> 
000 06 OB R2 E 0 00909 F 00000 T 88 43 
000 13 15 Rl a OOq·l1 r- 0000" r Ill,' 23 
000 06 08 R3 E 0 00944 r 00000 T ~"I 24 
000 06 08 f.!2 E a 00970 F 00000 T H': 27 
000 06 10 kJ \of a 00'777 F 00000 T ~" 2B 
000 06 10 1':2 \of a 01000 F OOllOO T WI 31 
000 06 08 H3 E 0 01009 F Ilonoo 1 H'J 33 
000 06 10 R2 \of a 01012 r 00000 r :,',1 33 
000 06 10 R3 \of 0 01023 F 00000 r U? 41 
000 06 10 R2 \of 0 01036 F 000(10 1 89 56 
000 06 10 Rl 0 01047 F OOVOO 'T 9') 03 
000 0'6 10 R2 \of o OHJ47 F 00000 T ~o OB 
000 06 10 Rl o 01047 F 00000 T 90 41 
000 06 10 R2 \of o 01047 r 0000<) T ~I) ~3 

000 06 10 Rl o 01047 F 00000 T 9<) 44 
000 06 10 R2 \of o OlO~7 F 00000 T 40 ~9 
000 06 10 Rl a 01047 F 00000 T <;'0 51 
000 06 1(> R2 \of a 01047 F 00000 T 90 59 
000 06 10 Rl a 91047 F 00000 T 91 02 
000 06 10 R=' \of o 01047 F 001100 T 1,11 D·' 
000 06 10 Rl o 01053 F 00000 r '11 08 
000 06' 10 R2 \of o 01091 F 00000 T 42 01 
000 06 10 Rl o 01098 F 00000 T 92 02 

CP 061 06 10 Rl o 01171 F 00000 T 92 55 
000 06 10 R2 E o 01251 F 00000 T n 3~ 

000 06 10 Rl o Ol?60 F OOO()O T 93 35 

000 06 10 R2 E 0 01278 f 001)00 T 93 311 
000 06 10 "'1 0 Ol~80 F 00001) T n 39 
000 06 10 R2 E 0 01:>87 F 00000 T 93 ~o 
000 06 10 R3 E 0 01312 F 00000 T 9~ 01 
000 06 10 R2 E a 01312 F 00000 T 9~ O~ 

000 06 10 R3 E 0 01.l70 f' 00000 T y,l 21 
000 06 10 R2 E a 01.592 F OO(lOO T <,/4 2~ 

000 06 10 R3 E a 0140~ F 00000 T 94 26 
000 06 12 R2 \of 0 01428 r 00000 T '7~ 28 
000 06 12 Rl 0 01SQS F 00000 T 9~ 35 

CP 062 06 12 Rl 0 01631 F 00000 T 94 ~6 
TA 064 06 12 Rl 0 011150 F 00000 T 94 49 

.... 
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At Time 22 minutes 47 seconds, the reason for signpost code (13,21), which 
is an invalid code, cannot be explicitly determined. It is thought to be a power 
transient in the auxiliary generator. This and other occurrences of invalid code 
had no influence on the test results since only one invalid code was recorded at a 
TSC checkpoint, and this occurrence (CP 18 during Run 8) was automatically 
screened out by the data processing screening algorit!un in exactly the same 
manner as ·that proposed for use in Phase IT. It should be noted that only 9 out of 
11,476 records on Run 7 contained an invalid data record signpost code, 0.078 
percent. It should be noted that, during use of CPMAIN, only 1 of 1~ 563 
samples required use of the screening algorithm, 0.064 percent compared to 
the allowable 2 percent. 
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4. RANDOM ROUTE DATA PROCESSING 

The processing of random route data was accomplished in three parts by 
the three computer programs depi.cted in Figure 4-1. Program CPMAIN was 
used to compute IS location errors at 'ISC checkpoints. Program RRSL was used 
to compute AVM System Level errors at pseudo checkpoints which were represen
tative of a simulated polling interval of 20 seconds with a simulated communication 
system error rate of 5 percent. Program RRTEN was used to compute the average 
location ettor over each one-tenth mile segment of the random route. 

4.1 SAlVIPLE SIZE 

The entI result of Phase I was directed toward evaluating the performance 
of the HI3 IS and AVM system. The performance specifications were stated in 
terms of 95 and 99,5 percentile values of the data samples. The sample space for 
the random route tests was selected by TSC to be representative of a typical 
urban environment which covered approximately 40 square blocks of downtown 
Philadelphia (preViously shown in Figure 3-12). 

In the HI3 proposal and in the HI3 memorandum to TSC of April 15, 1976, 
HI3 addressed sample size requirements in terms of 20" and 30"values, based 0-:1 

the normal distribution. In actuality, the 20"value of the normal distribution is 
the 97.7 percent point and the 30" value is the 99.87 percentile value. Thus, if a 
sufficient numher of samples were obtained to reflect the 20"and 3crvalues 
accurately, then the 95 and 99.5 percentile requirements should have automatically 
been satisfied, provided that the sample size is suffiCiently large to invoke the law 
of large numbers; e.g., the ultimate normality of the distribution in question. Use 
of the 20" and 30" values allowed explicit mathematical expressions to be used in 
deriving the required sample size under the assumption that, in the limit, the 
distribution of location errors approaches the normal distribution. 

In order to arrive at an explicit formulation, normality of the HI3 location 
error density function was assumed. As noted subsequently, Phase I tests showed 
that this assumption was not strictly valid. 

HI3 rationale for use in the 2a and 3a values in determining sample size 
was based on Mood, Introducti~n to the 'Theory of Applied Statistics, (McGraw
Hill, 1950) p. 214. 
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Following Mood, and assuming that the radial error is normally distributed 
with mean 0'1' and variance 0' 2' the distribution can be written as 

10'2 
e - ( 2 0' ) (X - 1) 

2 

Then the estimators of 0' 1 and 0'2 are given by 
\ 

1iI = ~ 2: Xi (mean estimate"> 

In accordance with. the theorem, these two estimates will themselves be normally 
distributed for large samples. It can be shown that the exact distribution of~2' 
the variance estimator, approaches the normal form. 

1 1 
e 

.ji:; 

Thus, as n becomes large, the sample standard deviation (fs of the distri
bution of ~2 becomes 

(4-1) 

and the sample mean, !-Ls of the distribution of'(}2' becomes 0'2 where 02 is the 
variance of the p,!-rent distribution ( ...{0'2 would then be :the par~nt distribution's 
standard deviation). Use of equation 4-1 allows us to bound the sample O"s. For 
example, assume that there will be no more than 0.26 percent chance that fue 
standard deviation, 0" s' of the sample distribution differs from the standard devia
tion)~2' of the parent distribution by more than X percent. Then we want 

P ~ [(I-X) .fo2] 2 s 2 r ] 2 ~ 
0" S S L(l+X).fo2 ~ (1-0.0026) = 0.9974 

or 

p { 
2 (I-X) 0' 2 

2 
:S o"s :5 

(l+X)2 
0'2 ~ ~ 0.9974 
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2 
Thus, we want cr S ,the sample variance, to be within a specified per-

centage of 0'2 the parent distribution's variance, 99.74 percent of the time. 

If X = 15 percent, then 

This is true if the 3 sigma value of the sample distribution, 3 er S' is less than 
0.277511'2 0 

3 ers < 0.2775 0'2 

By substituting from Equation 4-1, then 

and, subsequently solving for n gives the required sample size, n, for the standard 
deviation of the sample population to differ from the standard deviation of the parent 
population by no more than 15 percent. 

In thiG case 

3 ~< 0.2775 n > 18 

and 
n > 233. 

This statement also holds for the 2 cr s value of the sample population. The data 
in the following table indicate the munber of independent samples, n, necessary to 
assure that the sample 2 er s differs from the actual 2 cr by no more than X percent 
with a confidence of 99.74 percent. 

.X:.'. 
'~. 

X(Percent Error'in 2 cr s) 
of the sample 

0.20 
0.15 
0.11 
0.10 
0.05 

.' 

N(Number of Samples) 

139 
233 
416 
499 

1894 

Therefore, 499 independent samples will verify with 99.74 percent confidence that 
the sample 2 0- s will deviate from the actuai" 2 cr· by no more than 10 percent. 

',. 
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In order to relate the sample size more directly to the A VM specification 
and to minimize the dependence of the analysis on an assumed density function, 
MITRE and TSC investigated the use of a non-parametric approach. The basis 
for this approach was simply that a sample would pass an accuracy requirement 
with a probability p (and fail with a probability of 1-p). Then in a set of repeated 
Bernouilli trials, the probability that a specific U1.IDlber of data points (r) out of 
a sample of size (n) do not meet the accuracy reqUirement can be represented by 
the binomial probability distribution e(n, r, p): 

where 

n! n r () (l-p) - pr en, r, p = r!(n-r)! 

n :::: sample size 
r :::: number of unsuccessful samples 
p :::: the system error probability 

The prc:>nability that at least r unsuccessful data points will occur is repre
sented by the cumulative binomial probability distribution E(n, r, p): 

n 
E(n, r, p) == ~ e(n, x, p) 

x==r 

Using "Tables of the Cumulative Binomial Probability Distribution" pUblished by 
the Com.putation Laboratory of Harvard University" in 1955, . TSC generated 
Table 4-1. Sample sizes from 50 to 1000 were cOl1.CJidered. For each sample 
size, a value of r was selected such that the Type I error* was as near to 0.05 
as could be obtained from the cumulative binomial distribution tables. This was 
to insure that the probability of rejecting a good system was only 5 percent. The 
column of Type I errors in Table 4-1 corresponds to a 95% system, one which 
has a system error probability PO' equal to 0.05. For example, for n :::: 300, the 
system will fail the test if the test sample contains 22 or more unsuccessful data 
points (22 or more samples with errors equal to or exceeding 300 feet). Thus, 
there is aD. 049 probability (Type I error) that an actual 95 percent system will 
fail the test. 

However, of equal CQ'1cern is the Type II error. For example, Table 4-1 
shows that for n :::: 300 there is a 0.05 probability (Type II error) that a 90 percent 
system (one with an error rate of PI:::: 0.1) will pass the test and a 0.56 probability 
that a 93 percent system (PI :::: 0.07) will pass the test. 

* A Type I error is the probability of rejecting the null hypotheSiS (e. g., the 
system error probability is less than 5 percent) when it is mde.ed true. A Type II 
error is the probability of accepting the null hypotheSiS when i.t is actually false. 
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TABLE 4-1 TYPE I (6) AND TYPE II ([3) ERRORS FOR VARIOUS SAMPLE 
SIZES 

No. of No. of Type I Error Tvne II Errors for Values of p, "'* 
Failul'es a [31 Samples 

n r P * = .05 P1* = .06 

50 6 .038 .92 

100 9 .063 .85 

200 16 .044 .'85 

220 17 .051 .83 

260 20 .039 .85 

300 22 .049 .81 

340 25 · 037 .83 

380 27 .044 .79 

400 28 .047 .77 

420 29 .052 .76 

460 32 .04 .78 

500 34 · 045 .75 

550 37 .044 .74 

600 40 .042 .73 

650 43 .04 .72 

700 45 .054 .66 

750 48 .051 .66 

800 51 · 048 .65 

850 54 .046 .65 . 

900 57 .043 .64 

1000 .... 62 .051 .59 
", 

*P is the assumed failure rate of the system 
o 

**p 1 is the actual failure rate of the system 
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[31 -. f1. [31 

PI = .07 PI = .08 PI = .09 

.86 .79 .69 

. 64 .59 .45 

.67 .46 .28 

.63 .41 .22 

.64 .40 .20 

.56 .30 .13 

.57 .30 .12 

.50 .23 • 08 

.47 .21 .06 

.44 .18 .05 

.46 .18 • 05 

.40 .14 .03 

.38 .12 · 02 

.35 .10 .02 

.33 . 08 .01 

.26 .05 .005 

.24 .04 · 004 

.23 .04 .003 

.21 .03 .002 

.19 .03 .001 

.15 .01 .000 

11. 
PI = .10 

.62 

.32 

.14 

.11 

.09 

· 05 

.04 

.02 

.01 

.01 

.01 

• 005 

· 003 

.002 

.001 

.000 

.000 

.000 

.000 

.000 

.000 

.. 
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In contrast, if the sample size n were 600, there would be only a 0.002 
probability that a 90 percent system would pass the tests; however, a 0.73 proba
bility would exist for a 94 percent system passing • 

'fSC developed a measure of Type IT error severity which it used in 
quantifying the effects of Type II errors in order to more clearly define the sample 
size requirements. This measure was 

where 
= the measure of potential Type II error severity for a given 

sample size 

13 1 = the Type II error asso:!iated with a system error probability 
(e. g. , 1 = 0.21 for PI = 0.08 and n = 400 from Table 4-2.) 

PI = system error probability 

Po = maximum allowable system error probability. 

Tue number of terms ill the summation for ~ is equal to the number of pIS that 
have a Type II error of approximately 0.05 or more. For example, for 700 samples 
(reference Table 4-1 ). 

M = 0.66 x (.06 - .05) + 0.26(.07 - .05) + 0.5(.08 - 0.5) 
f3 0.01 

or 

~ = 1.3 

A plot of ~ versus (n) is shown in Figure 4-2. The sa:mpJe size to be used is 
not clearly obvious since the knee of the curve is not well defined. However, the 
major bend in the curve is completed somewhere between 500 and 700 samples. 

The results obtained by HI3 and the non-parametric results o:,tained. 
by TSC were both indicative of a required sample size greater than 450. This 
material, when weighed with the costs of requiring a much larger sample size (as 
a means of minimizing the Type I and Type II errors) resulted in TSC approving 
the following minimum sample size requirements. 

Random Route Checkpoints 
Fixed Route Checkpoi.nts 
Fixed Route Timepoints 

600 
600 
450. 

Test routes, checkpoints, and timepoints were selected by TSC as a means of 
assuring that these minimum sample Sizes were realized. 
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Subsequent to the tests, HI3 analyzed test data to determine the actual 
distribution of the location subsystem errors. These data are presented in 
Section 10. 

To insure that the samples are random, TSC chose the sample points 
(checkpoints) in the test area prior to the installation of the location subsystem. 
However, the location subsystem was installed by HI3 without knowledge of the 
checkpoint locatl.ons. To further msu~ that the samples were independent, the 
checkpOints were located more than 500 feet apart; consequently, the samples 
were independent at both time and space for a designed 300-foot location system. 
Also, the samples were obtained during a number of random route tests taken on 
different days and at different times during the day. Performance of the tests at 
different times dUring the day resulted in the elimination. of potential time of day 
biases (e. g., morning and evening rllSh hours) which might have been otherwise 
incurred. 

In oroer to assure that the sample size was more than adquate,. a total of 
622 samples Were taken during 10 test runs by using two different sets of TSC 
designated checkpoints. 622 samples corresponds to a 9 percent error in the 2 (J s 
of the sample. 

4.2 RANDOM ROUTE DATA PROCESSING 

Data processing of random route data involved (1) the determination of the 
vehicles actual location at each checkpoint spacmed by TSC and (2) the calculation 
of the radial location error at each checkpo:lnt by using the location subsystem 
calculated location. In addition, steps (1) and (2) were repeated at points sepa
rated by 20 seconds to simulate the Phase IT polling scheme as well as communi
cation errors. 

4.2.1 Vehicle Actual Location at ChecIsebints 

The actual vehicle pOSition was always assumed to be the X, Y coordinates 
of the checkpoint at the time the checkpoint event was recorded on the raw data 
tape. The actual vehicle location was determined from the CPTABL file contained 
in Table 4-2. 

4.2.2 Vehicle Compated (Location Subsystem) Location 

In the case of random route data processing at '!'SC checkpoints, the com
puted location of the vehicle was also determined directly from a table look-up in 
the Sigupost File (SPTABL). As a result of HI3 pretest mapping and calibration, 
each possible IS-BIT location region code had been assigned a sp'3cific pair of 
stateplane coordinates. Figure 4-3 is an illustration of the algorithm used to 
determine the vehicle's computed (Location Subsystem) location. 

4-9 



TABLE 4-2 RANDOM ROUTE CHECKPOINT FILE (BASES FOR CPTABL) 
". 

Primary State Plane Coordinates 
Secondary Stale Plane Coordinato. 

ePN X (feetl Y(foetl 
CPU Xlfeetl Ytfeetl l 

1 2728180 235705 1 2728183 235731 

2 2727835 236136 2 2728277 236397 

3 2727321 235782 3 2728354 237054 

4 2726852 235848 4 2728150 237778 

5 2726455 236268 5 2727969 237159 
6 2726009 236222 6 2727830 236470 

7 2725585 236389 7 2727140 236596 

8 2725705 237100 8 2726918 236223 

9 2726369 237383 9 2726427 235897 

10 2727500 237204 10 2725645 236003 
11 2728211 237127 II 2725618 236511 
12 2728290 237738 12 2725771 237426 

13 27275.1[; 237919 13 2726509 237341 

14 2726741 238159 14 2727500 237204 

If? 2727147 238153 15 2727910 236813 
16 2727969 237159 16 2727860 236290 
17 2727891 236661 17 2726451 236137 
18 2726956 236572 18 2726530 236631 
19 2726580 236988 J9 2726600 237104 
20 2726655 237544 20 2726693 237755 
21 2726714 237933 21 2727090 237458 
22 2727157 238093 22 2726981 236811 
23 2726464 238014 23 2726545 236276 
24 2725867 238275 24 2726046 236355 
25 2726296 238232 25 2725646 236397 
26 2726239 237764 26 2725745 237541 
27 2726156 237203 27 2725867 238275 
28 2726075 236713 28 2726247 237988 
29 2725684 236934 29 2726102 236886 
30 2725809 237838 30 2725730 237421 
31 2726459 237919 31 2725813 237865 
32 2727090 237702 :32 2726638 237895 
33 2726U96 236930 33 2727090 237702 
34 2726920 236239 34 2726996 236930 
35 2726316 236285 35 2726453 236641 
36 2725756 236411 36 2726147 236705 
37 2725705 237100 37 2726044 236446 
38 2725809 237838 38 2725994 235984 
39 2726710 237886 39 2726267 237988 
40 2727589 237840 40 2726714 237933 
41 2727969 237159 41 2727121 237879 
42 2727444 236878 42 2727591 237859 
43 2726958 236590 43 2728288 237464 
44 2726580 236988 44 2128059 237803 
46 27211102 236885 45 2727591 237859 
46 2725996 236139 46 2726741 238159 
47 2725553 236009 47 2727157 238093 
48 2725585 230389 48 2727090 237458 
49 '. 2725705 237100 49 2726427 237006 
50 : 2725809 237838 50 2726284 237063 
51 2726230 237764 51 2725830 237115 
52 2726507 237341 52 2726396 238232 
53 2727055 237376 53 2726192 237484 • 54 2727715 237176 54 2726627 237326 
55 2727891 236661 55 2726900 236376 
56 2727837 236109 56 2726838 235874 
57 2727561 235756 57 2726427 235897 
58 2726865 235846 58 2725645 236003 
59 2725988 235938 59 2725645 236003 
60 2725988 235938 60 2726427 235897 
61 2726865 235846 61 2727321 235782 
62 2727561 235756 62 2728176 235673 
63 2728171) 235673 

1 
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to. 

READ RAW DATA TAPE 

A T OCCURRENCE OF CP #NN . 

READ 18-BIT LOCA TION REGION 
CODE STORED IN VEHICLE 
UNIT AT THE TIME OF 
OCCURRENCE OF CP #NN 

VERIFY THAT 18-BIT j.-.--t-.l IF NOT VALID, 
CODE IS A VALID CODE SCREEN OUT 

SEARCH SP'D\.BL TO FIND ] 
IS-BIT CODE AND 
CORRESPONDING 
X, Y COORDINATES 

COMPUTED X, Y COORDJNA TES 
OF VEHICLE 

FIG. 4-3 METHOD OF COMPUTING (IB) VEHICLE LOCATION IN 
RANDOM ROUTE TESTS 
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During the data reduction process, a "reasonableness" or screening 
algorithm was used to checkthe 18-BIT 10cati.o:'J. region code recorded at each 
checkpoint for validity against tile stored data base. If the code were not valid, 
that data recoro was rejected and subsequently printed O:It as a "bad data" record 
The table, SPTABL, of valid 18-BIT codes and X, Y coordinates was supplied to 
the TSC Monitor prior to recording and data processing, and the data became part 
of the computer data base. S'OTABL is contained in Table 4-3. The X, Y loca
tions of each checkpoint, relative to the closest intersection center, were also 
determined and supplied to the TSC Mo~tor prior to commencing the tests. Thus, 
all of the data listed in Tables 4-2 and 4-3 were supplied to the TSC Monitor prior 
to the actual tes t runs. 

4.2.3 Vehicle Actual Location at Pseudo Checkpoints 

During AVM System level data processing, Program RRSL, raw data on 
tape was used to take samples every 20 seco:'J.ds. Each such sample. in oroer, 
was assigned a pseudo checkpoint number (PCP). The actual location of the vehicle 
at each PCP was determined through use of the fifth wheel in terms of the distance 
from a known location, Turn (TA) or Checkpoint (CP), and the passage of the vehicle 
was recorded <T.l cassette by a manual entry. The algorithm used to determine the 
actual vehicle location at PCP's is shown in Figure 4-4~ The geometry associated 
with this algorithm is illustrated in Figure 4-5. 

Note that four possible situations can be used for locating a PCP 

Between two successive CP's 

Between two successive TA's 

After a TA and prior to a CP 

After a CP and prior to a TA. 

The case illustrated in Figure 4-5 cOl'responds to (3) in which the PCP (the 
sample) occurred after a turn and prior to a checkpoint. As shown in Figure 4-4, 
the marking of turns (TA's) in no way affects the operation of the location sub
system or the AVM system. The sole function of the location subsystem is to 
determine, at the sample point (either checkpoint or pseudo checkpoint), the 
signpost location region code which, thro'.lgh the use of the SPTABL, uniquely 
determines tile X, Y location assigned to the vehicle at the sample point. The 
turn event serves only as a means of establishing the vehicle's actual or reference 
location at th03e locations (pseudo checkpoints) which were not determined by 
physical measurement prior to the tests. 

In summary, the TA and CP events, in cO!ljunctian with the 5th wheel, 
determine the actual location of pseudo checkpoints. The signpost location region 
code associated with the pseudo checkpoint sample determines the A VM system and 
IS location. 
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TABLE 4-3 RANDOM ROUTE SIGNPOST FILE (SPTABL) . 

• I('(TE 06 H 06. • !lYTE 013 +f 07 • • BYTE 10 d 07. • BYTE 12. 1 ()7. 
RI ~J553. ~ Ob009. RI 62'»I:l., 066'i>0. RI 6379 •• 07:344. RI 6523 •• 07974. 

R2S 55!::i~t, • • 06009. R2S 629B •• 06690. R2S 63!:52 •• 07126. R2S 6475 •• ()7764. 
R2E !'5844, .05'172. R2E 6298 •• 06690. R2E 6503. ,07:535. R2E 6623 •• 07965. ' 
R2N 55e,!:5. y ()6:~'i!5. R2N 6325 •• 06908. R2N 6463 •• 07556. R2N 6523 •• 07974. 
R2W5!55:3, Y<M009. R2W 60130 •• 06705. R2W 6 176 •• 07358. R2W6294 •• 07997. 
R3S 55::';:3. y 06009. R3S 62'i'B •• 06690. R3S 6:~39. ,07017. R3S 64~);l • , 076~'i9. 
R3E 591313. y 059:313. R3E 6414. y ()6661 • R3E 6!:;O~5 •• 07:335. R3E 662:3. , ()7965. 
R3N 5::';B5. y O(.,:3B9. R3N 6:339. y ()lO1,.7. R3N 645;[ • y O'i'659. R3N 6523. ,07974. 
R3W5553. y 06009. R3W 59'71, • r 1:)67:l3. R3W 605!'5 •• 073!3:3. R3W6193. ,08011 • 

• BYTE 06 •• 08. ,BYTE 08 •• 08. .BYTE 10 •• 08. ,BYTE 12.,08. 
'RI6427 •• ()5!!l97. R I 65:'W,y066::H. RI6627 •• 07326. RI6714.,07';>33. 

R2S 642'7. \' 0~:iB97. R2S M96. v 06:'5136. R2S 659ti. y 07094. R2S 66B5. y 9n-31. 
RZ,E 672!5 •• O!5B!59. R2E 6821 •• 065'i'O. R2E 691!3 •• 07285. R2E 7006. ,'079,08. 
RUN 646:1. •• 06:!.42. R2N 65/.)2. v06862. R2N 6656 •• 07528. R2N6742:,08141. 
R2W 613~5. , O~)';>~54. R2W 645~5. y 066!'5:1. • R2W 650;'5. ,07335. R2W6623 •• 07965. 
R3S 642/, .. 05897. R3S 646B .. 06266. R3S 6!':j80,,0698B. R3S 667:l •• 07630. 
R3E 6865 •• 05B4c" R3E 6956 •• 06~572. R3E 7055 •• 07276. R3E7133 •• 07896. 
R3N 6468 •• 06266. R3N 6~)80 •• 0698B, R3N66/,1 •• 07630. R3N67:39.,08205. 
R3W 5988 •• O!:j93B, R3W 64;[4. v Oc,c,61 • R3W6503. ,073:35. R3W6623. ,07965 • 

• BYTE 06.,10. .BYTE OB.,10, .BYTE 10.,:!.O. .BYTE 12.,10. 
Rl 732:l •• 05n~2. Rl 740:3 •• 06509. RI 7500,,07204. RI7591.,07859. 
R2S 732:l •• 05782. R2S 73nS •• O,S267. R2S 7468.,06972. R2S7618.,07641. 
R2E 7606 .. 05746. R2E ,'694 •• 06584. R2E 7785d07154. R2E7834d07813. 
R2N 7348 •• 06024. R2N 7435. ,0674L R2N7720. ,07422. R2N7591. .07859. 
R2W 7023 •• Ot,)820. R2W 7 U.2 •• 06!550. R2W7209. ,07245. R2W7296 •• 07884. 
RaS 732:l •• 05782. RSS 7374 •• 06:l!59. R3S 7444 .. 06878. R3S7691..07532. 
R3E 7779. , O!'5728. R3E 78!~2 + .06463, R3E 7969. ,07:[59. R3E7956. ; 07803. 
R3N 7374. , 06:l59. RaN 7·444 •• 06878. R3N 769:1, •• 07532. R3N7591. ,07859. 
R3W6865 •• 05846. R3W6956 •• (M572. R3W7055 •• 0?276. R3W7133.,07896 • 

• BYTE 06 •• 12. .BYTE 08 •• 12. .BYTE 10 •• 12. ,BYTE 12.,12. 
Rl 81.76,y OL'5673. Rl 8277 d 06:397. RI 8354 .. 070!:i4. RI 832:t.. 07?2:L. 
R2S 8:1.76 tV 05673. R2S 824:3 ,,06:l:36. R2S 8328 •• ()6835. R2S 828:3 .. 0749';>. 
R2E 817 ,S •• 05673. R2E 13277. ,06:397. R2E 8354 •• 07054. R2E 8321 • ,07721 • 
R2N 82:LO •• ()!:j914. R2N 83()3 •• 0661,6. R2N8246 •• 07276. R2N8321..07721. 
R2W 78S':l • '. Of5709. R2W 7986. ,06434. R2W806? • 07104. R2Wa059. "07803. 
R3S 8:1.76 •• 0!56'73. R3S 824:L..06()69. R3S 8336.,,0674:5. R3S8263 •• 07388. 
R3E 8176 + v 05673. R3E 8277. v OC,:597. R3E 8354 •• 07054. R3ES32:l. y 07721. 
R3N 824:l •• 06(>C>9. R3N 83~56. v 06743. R3N 8263 •• 073B8. R3NS321 •• ()7721 • 
R3W 7'779 •• 05728. R3W7882 •• ()6463. R3W7969 •• 07159. R3W7956. , ()7803 • 

• BY1E 08 •• 06. .BYTE 10 •• 06. .BYTE 12.,06. .BYTE 14 •• 06. 
RI5644 •• ()c,'73:':i. RI5730.,()7421. R15837.,08045. RI 5 916.,0853:3. 
R2S 56:1. B • " 06~5 :1,1 • R2S 5701 •• 07:L 92. R2S 5801 • ,0783'7. R2S 5881 • v OB456 • 
R2E 5862 •• 0657:L. R2E 5946,yon95. R2E6065.v08021. R2E620L,08626. 
R2N 567:,1 •• Oc,964. R2N 5766. r 07629. R2N 5859 •• 08250. R2N59:1.6 •• 0853:3. 
R2W5644. , (M73!;i. R2W57:50 •• 0742:1.. R2W5837. '()B045. R2W59:L6. "0853:,, 
R3S 558!) .. Oc,:5B9. R3S 5'?05.y07:LO(). R3S 5784 .. 0773~"I. R3S587:1.. .OB326. 
R3E 5971 •• 067:L:3. R3E 6()55 •• 07~58]. R3E 6193. f 08011. R3E6;3:.,9. n?8600. 
R3N 570!:; •• 07:1. 00. RSN 5784. v Oi'733 • R3N 5871 •• 0832,:, , R3N5S' 16 •• 013533. 
R3W ~5c,44 •• 06735. R3W ~:i730. ,07421. • R3W~.ifJ37 •• ()B04!5. R3w5916 + ,()8!'533. 
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W 1.\S'I' PCI': 
PF:Jn'OH~1 ST,\'I'ISTll',\l. 
\NA LYSIS ,U.;(J MA/,a: 
'ECO!,; /) PASS 

/I' ('I' OB '1',\: STOHE Jo:V/':"T l'OIlE ,\:;/) FIFTII 

IF /"OB'I'IE'I'II IUTO/UJ s/:-;n: lAST I'l'l'; 

STOHl': ~EXT PCI' fl, 1'1l''I'II AXO If,l(',\'I'IO); /lEl;JO); 

/I' 1'('1' II IS TO IIAVE COMM EHHOB: 

STOllE 11'1'11 H!o:('OIUl ,\S SI!JlS'I'I'I',"n: 

I); Sl':l'mm I',\S~, IL.:"::":"--,;":::':~.!J 

IF PC P If/.:; E I!HOB 

I'SE SI'/lSTITl"J'I~ 

FIG. 4-4 FIXED ROUTE LOCATION ERROR ALGORITHM 
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FIFTII(CP(N»-FIFTII(TA(L» 
CP(N) 

rNEXTCP 
FIFTH(PCP)-FIFTH(TA(L» 

LAST TA J _ 
TA(LU '- TA(q + 1) PCP CP(N) CP(N+1) TA(q + 2) 

X(PCP) = X(TA(L)) + ;::~:ic;~ii~~~~~f;~)) [X(CP(N» - X(TA(L» ] 

_ FIFTII(PCP) - FIFTII(TA(L» [ _ A L] 
Y(PCP) - Y(TA(L» + FIFTII (CP(N»-FIFTII(TA(L» Y(CP(N» yeT ( » 

FIG. 4-5 USE OF TA AND CP EVENTS WITH 5TH WHEEL TO DETERMINE PSEUDO 
CHECKPOINT LOCATION 
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4.2.4 Vehicle Compu.ted (AVM System) Location at Pseudo Checkpoints 

As summarized in the previoUs paragraph, the random route vehicle's 
location, as computed by the AVM system, is always determined solely by the 
signpost location region code stored in the vehicle at the sample time. This iden
tification is true whether the sample time is determined by a m.anual checkpoint 
entry or by offline sampling of the data recorded at half-second intervals. 

4.2.5 AVM System Simulation 

During the first pass through the recorded data, as shown in Figure 4-3, 
a pseudo checkpoint was selected every 20 seconds (40 records). This operation 
simulated the 20-second polling interval proposed for Phase IT. In addition, the 
effects of a base-to-vehicle-to-base communication link were simulated in term!:! . 
of Simulating a 5-parcent communication error rate. This simulatiWln,was affectE!(.l 
by selecting in a random manner, 5 percent of the pseudo checkpoints and by assum';' 
ing that the base station detected an error in the polling response or did not receive 
a response. When such an error is detected, the proposed Phase II system would 
poll the vehicle in question during the next I-second guard-band time interval set 
aside for the transit route under consideration. For each route, this guard-bllilld 
would occur within a maximum of two (2) seconds after the route poll began. Thus. 
within two seconds of detecting the error, the base station would poll the affected 
vehicle again. This was simulated by substituting the 18-BIT location code from the 
record occurring two (2) seconds (four records) further into the tape for the loca.
tion code associated with the PCP. The proposed Phase IT Polling sche-me is 
illustrated in Figure 4-6 and was exactly simulated by the routine summarized 
in Figure 4-7. 

In this simulation, the actual vehicle location is that computed for the 
original PCP. The A VM system location is the location region associated with the 
r~c01:d (PCP) occurring two (2) seconds later. 

A third routine}, RRTEN, processed random route data to compute the 
average location error over 528 foot segments. This routine treats each sample 
record as a PCP, thereby processing approximately 9600 samples during each 
run. 

4.3 RANDOM ROUTE DATA PROCESSING SOFTWARE 

Random Route Data Processing Software was developed as three separate 
programs: (1) R.an.dom Route Location Subsystem Data Processor (CPMAIN), 
(2) Random Route System Level Data Processor (RRSL), and (3) Random Route 
One-Tenth Mile Ayer2ige (ERTEN) routine. These programs were used to perform 
the data processing associated with the items discussed in subsection 4.2. Soft
ware was coded in FORTRAN IV for use on the RI3 PDP-ll/05 computer and, 
after checkou~, converted for running on the IBM 370/145 at MITRE. 
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BASE ;'3TA TION 
INITIA TES POLL 

.----r--TI,nLL SPE CIFIC 
VEHICLES 

_J.-..---·lO:PECIFIC 
VEmCLES 
RESPOND 

,...1------MAXI--MU--M-O-F-2-S-E-C--------t· ". 1 SEC ~ I 
NORMAL POLL/RESPONSE 
OF ALL VEHICLES ON 
ROUTE 

GUARD 
.BAND 

FIG. 4-6 USE OF GUARD BAND TO POLL SPECIFIC VEHICLES IN WHICH 
COMMUNICATION ERROR DETECTED 
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• 
RANDOM NUMBER GENERA TOR 

100 NUMBERS IRANUM(I) 
GENERATED AT RANDOM ON 
TIlE lNTERVAL I = 1 - 360 

I 
TIlESE 100 NUMBERS ARE 
PART OF TIlE DATA BASE 

I 
r-------------------------------~ 

FROM THIS SET OF RANDOM 
NUMBERS, A SET OF 0.05 X 3 X T 
NUMBERS WAS SELECTED TO 
ACCOUNT FOR 5 PERCENT OF THE 
PSEUDO CHECKPOlNTS (3 PER 
MINUTE OVER TIlE RUN TIME T) 

I 
DURING SYSTEM SIMULATION, 
OCCURRENCE OF A PCP NU;MJ3ER, 
NNNN, CORRESPONDING TO ONE 
OF TIlE SELECTED RANDOM 
ROUTE NUMBERS IRANUM CAUSED 
'11IE LOCATION REGION SAMPLE 
OCCURRlNG 2 SECONDS LATER ON 
TAPE TO BE SUBSTITUTED FOR THE 
ORIGlNAL PCP'S LOCATION REGION 

I 
TIlUS, AT A SUBSTITUTE PCP, (PCP') 
TIlE ERROR IS GIVEN BY 

ERROR (SYSTEM SIMULATION) = 

~ X(SP at PCP')-X(PCP) 2+ Y(SP at PCP')-Y(PCP) 2 

PCP =: ORIGINAL PSEUDO CHECKPOINT SAMPLE 

PCP' = SUBSTITUTE SAMPLE OCCURING 2 SECONDS LATER 

FIG. 4-7 GENERAL METHOD FOR SIMULA TING COMMUNICATION ERRORS 
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Figure 4-8 contains a flow chart of the CPMAIN routine usep to process 
random rO:lte checkpoint data. A complete FORTRAN listing and documentation of 
CPMAlN was submitted to TSC and lVIITRE. 3Section 5 contains output data from 
this program which were used to process HI Random Route Data Runs 1 through 10 
The data base requirements for this routine are as follows: 

1. SPTABL - X, Y state plane coordinates of each signpost location 
region 18-bit code 

2. CPTABL - X, Y state plane coordinates of each TSC designated 
checkpoint (primary or secondary) (Table 4-1). 

Figure 4-9 contains a flow chart of the RRSL routine used to process Ra..'1.dom 
Ro:~te A VM System level data. A complete listing and documentation of RRSL was 
also provided to TSC and lVITTRE. Section 5 contains output data from this routine. 
In addition to SPTABL and CPTABL, this routine involves the use of TPTABL, and 
the X, Y state plane coordinates of each run on TSC designated primary and second
ary random routes. 

The overall methodology of the HI3 software, including data recording, data 
handling, and data processing is shown in Figure 4-10. 
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STORE ILLEGAL 
SIGNPa!1'OR 
CHECKPOIliT CODE 
IN ILLSPC ARMY 

PRINT: 
A VERAOE ERROR 
STANDARD DEVIA'nOO 
ELAPSED1'lME 
ELAPSED nFm 
WHEEL DISTANCE 
ELAPSED ODOIlETER 
DISTANCE 

FIG. 4-8 FLOW CHART OF CPMAIN 

4-21 

II. 



1000 

DELETE ALL ENTRIES 
IN DATA TABLE 1-----, 

WHICH FALL IN 
DELETED TDlES 

1102 
PRINT 

CHECKPOINT Lll!T 
FOR THlS RUN:.jo ..... __ ...J 

FROM ENTRIES 
DATA TABLE, 

(NO SIMULATED 
ERRORS) 

045 

PRINT PSEUDO 
HECKPOL'IT LlST 

FOR THIS RUN 
FROM ENTRIES IN 

DATA TABLE, 
(WITH S1MULA TE 

ERRORS) 

0700 
SEARCH BACKWARD 
IN DATA TABLE 
FOR lNDICATED 

CHECKPOINT OR 
TURNPCXNT 

DELETE THE 
CHECKPOINT OR 
TURNPOINT ENTRY 

FROM DATA TABLE 

FIG. 4-9 FLOW CHART OF RRSL 
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0500 
DATA TnlE 
FLAG- 2 

SECOND ERROR 
CORRECTDN 

SAMPLE 
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FIG c 4-9 FLOW CHART OF RRSL (CONT'D) 
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INPUT DATA 
STA TIS TICA L 

INTERVAlS· 
NO. OF RUNS 

OUTPUT DATA 
CP ERRORS 
ERROR FREQUENCY DENSITY 
CUMULA TIVE ERRORS 
ORDERED ERRORS 
AVERAGE ERRORS 
STANDARD DEVIA TION 
BAD RECORDS 

INPUT DATA 

CP MAIN 
DATA BASES 

SPTABL 
CPTABL 

SUBROUTINES 
READHD 
GETDAT 

LOCA TION SUESYBTEM M TA PROCESSING. 

STA TISTICAL 
INTERVALS 

....... _ .... RRSL 
(MAIN ROUTINE) 

DATA BASES 
SPTABL 
TPTABL 
CPTABL 

RUN INFORMA TIO 

OUTPUT D 
PCP ERRORS 
ERROR FREQUENCY DENSITY 
CUMULATIVE ERRORS 
AVERAGE ERRORS 
STANDARD DEVIATION 

.... BAD REC<:?I.P~3_....,.,.. ___ --A 

SUBROUTINES 
A TIME 
CALERR 
FINONS 
READHD 
GETDAT 

AVM SYSTEM LEVEL DA TA PROCESSING 

FIG. 4-10 RANDOM ROUTE DATA PROCESSING SOFTWARE 
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5. RANPOM ROUTE TEST RESULTS 

The results o~tained by processing Random Route Runs 1 through 10 by 
use of data processing routines CPMA.rn, RRSL, and RRTEN are presented in 
this section. Location error data, associated with the location subsystem in 
which TSC checkpoints are the reference, are shown separately from the data 
associated with pseudo checkpoints that represent AVM System Level errol'S. 
In each instance, however, the error incurred at each individual checkpoint 
and the statistics of the errOl:S are presented. The results obtained for both 
the location subsystem and the AVM system simulation presented in this section 
are summarized in the following table. 

SUMMARY OF RA.NDOM ROO TE TEST RESULTS 

Location SubsYstem AVM SyStem 

No. of Samples 622 2235 
Average Error 91 Feet 114 Feet 
95% Error 242 Feet 289 Feet 
99.5% Error 461 Feet 460 Feet 
% Sample;:; Less 
than 300 Feet 97.26 95.66 

% Samples Less 
than 450 Feet 98.87 99.38 

The impact of simulating 5 percent communication errors was 
negligible. 

Maximum average error over any 1/10th mile segment was 
315 feet. 

5.1 LOCATION SUBSYSTEM ERRORS 

The location errors incurred at each Primary Checkpoint on each of 
Runs 1 through 5 are presented in Table 5-1. Of the 313 samples (CP 30 on 
Run 1 was not processed because it was incorrectly entered .md CP 18 O!1 Run 3 
was screened out because of an invalid signpost code; refer to Subsection 3.7). 
Of the 313 samples, the error for 11 samples exceeded 300 feet and the error for 
6 samples exceeded 450 feet. Thus, for TSC Primary Checkpoints, Runs 1 
through 5, the follOWing error statistics were obtained: 

95 percent of samples were less than 245 feet 

99.5 percent of samples were less than 466 feet 
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(jU 71 2:) 1 
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4~ 44 I:; 

11:1 1I 137 
1~ 134 : ·~7 

IS 134 15 'j 
1:; ].i.j 13 i 

.. ~c-1;J:J _....02..... 

TABLE 5-1 LOCATION Sl3'BSYSTEM ERRORS AT PRIMARY CHECKPOINTS 

4 5 6 7 8 9 10 11 12 13 14 15 1G 17 18 19 20 21 

137 139 455 0 152 40 0 153 28 9G 46 0 0 153 0 154 2]9 0 
13 139 137 0 152 40 0 143 2<1 96 4G 0 0 153 0 154 16 0 

13 139 137 0 132 40 0 133 28 96 46 0 0 Ijj - 134 238 0 
13 139 137 0 132 ·10 0 143 2~ DG 46 0 0 153 0 1:54 16 0 
13 139 433 0 132 40 0 244 331 9G 46 0 114 133 0 154 219 0 

~3 :!6 . :.!7 28 29 :30 :Jl 32 ;33 34 33 3{j 37 3S 39 40 41 4:! 

.ill ~(3 Utl 9 202 - 8{j 40 0 137 22 172 152 8 47 19 184 0 
30 20.3 3(j3 2~-1 202 8 86 244 0 137 22 39 152 8 47 19 ~G3 97 
50 203 91:1 224 202 208 SG 40 0 137 22 275 152 208 47 19 0 0 
30 203 fJ~ ~24 202 ~O8 86 244 0 ]37 22 172 132 8 47 19 0 0 
50 203 3G3 "24 202 S 179 ] !hi U 1:.17 2::! ')73 15') :l01:i 47 19 0 137 

·16 47 ·I~ .J[J .iU 31 3:! 33 34 33 3(j 37 31:1 59 GO GI (j') 63 

221 92 126 152 8 203 7 (j 21ti 133 122 4a 0 147 147 13{j 2.J 1 II 

:!:!l 92 0 132 20:'; 203 7 137 216 13:) 122 241 (I 0 U 13G 2·11 I () 

:!:!l H2 0 132 :!os 203 7 {j 32U 133 172 .J6 136 147 III .jao 
:!-Il l () 

:!~1 112 0 132 20S 203 7 D5 73 r" 122 2.j 1 156 1.j7 0 13!i 241 0 "" .!ii!L 92 J.l5 132 S 203 120 137 73 133 172 241 0 0 0 () '241 0 - --"-

... 
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Average error was 109 feet 

Maximum average error over one-tenth mile I?egment: 315 feet. 

Individual output error statistics obtained by use of CPMAIN for Runs 1 
through 5 are contained in Tables 5-2 through 5-6. Figure 5-1 Ja a. plot of the 
error histograms for each of these runs and Figure 5-2 is a plot of the error 
histogram. for aU five primary runs, as well as a cumulative error distribution 
based on all five runs. The 95 percent and 99.5 percent pomts are indicated on 
the cumulative distribution. Note that a number of errors are zero. This zero 
error condition is obtained because of the discrete nature of the HI3 location sub
system. Generally, the X, Y location coordinates assigned to a location region 
are coordinates of the center of the nearest intersection. Thus, in those cases 
in which the TSC checkpoints were associated with the center of an intersection, 
the resulting error may be zero. (Note: The X, Y stateplane coordinates of 
intersectiO'J.s in central Philadelphia was provided to m3 by TSC.) These coordi
nates were generated by MITRE through the process of digitizing the intersections 
of a 2000: 1 scale map of Philadelphia. The stated error of this process was 40 
feet RMS. 

Table 5-7 contains a list of the location errors incurred at each Secondary 
Checkp:>int on each of Runs 6 through 10. Of these 309 samples (CP 18 was 
missed on Run 8), only 6 exceeded 300 feet and only one exceeded 450 feet. For 
Runs 6 through 10, the follOwing error statistics were obtained: 

95 percent of samples less than 242 feet 

39.5 percent of samples less than 411 feet 

Average error was 73 feet. 

Maxirnum average error over one-tenth mile segment: 234 feet. 

Individual output error statistics. obtained using CPMAIN for Runs 6 
through 10 are contained in Tables 5-8 through 5-12. As a result of a bad 
cassette 0':1 Run 10, CPMAIN was unable to process the last 21 checkpoints of 
Run 10. However, a dump of this cassette was obtained by using the CAPS 
operating system. The first 41 were processed successfully. The last 21 were 
processed manually as follows: 

1. Read location regio':1 code at each checkpoint from the dump ·of 
Run 10 

2 . 

3. 

Manually look up X, Y coordinates from signpost data base 
SPTABL 

Manually look up X, Y coordinates of secondary checkpoint from 
CPTABL 

(Text continued on 5-17) 
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TABLE 5-2 RANDOM ROUTE ERROR STATISTICS, RUN 1 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

INTERVAL- FOHHS OF POINTS 

0- 25 21 
25- 50 7 
50 75 3 
75- 100 3 

100- 125 1 
125- 150 6 
150- 175 11 
175- 200 1 
200- 225 6 
225- 250 2 
450- 475 1 

CUMULATIVE ERRORS 
ERROR • ERRORS PERCENT 

FEET LT FEET ERRORS 

0 13 20.97i.: 
25 21 33.87i.: 
50 29 46.77"1. 
/'5 31 50.00X 

100 34 54.84/; 
125 35 56.45"1. 
150 41 66.l~;"I. 

175 52 83.87i.: 
200 53 85.48"1. 
225 59 . 95.16r. 
250 61 98.39"1. 
475 62 100.00i.: 
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33.B7i.: 
11.29i.: 

4.84i.: 
4.84i.: 
i.61i.: 
9.68i.: 

17.747-
1.61i.: 
9.68i.: 
3.23i.: 
1.61i.: 
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TABLE 5-3 RANDOM ROUTE ERROR STATISTICS, RUN 2 

EF~FWH FF~EQUENCY DENSITY 
E:F~r~OF, l~mmER 

INTEF~VAL POINTS 

0- :~5 22 
25·· .. 50 6 
50·- 75 3 
75·- 100 3 

100·- 125 ;J. 
125·- 150 6 
150- 175 9 
200- 22~ 7 
225·- 250 4 
360- 375 1 
450- 475 1 

CUMULATIVE ERRORS 
ERROR I ERRORS PERCENT 

FEET LT FEET ERRORS 

0 14 2:2 t 22% 
25 22 34.92X. 
50 29 46.03% 
75 31 4(1.::~lX 

100 :34 !3:-S • c?7~~ 
125 35 ~35 t 56/. 
150 4:1. 65.08% 
175 50 79.37% 
225 57 90.48% 
250 61 96.83% 
375 6") 

"- "18.4:1.:Y. 
475 6;·5 lOO.OOX 

5-5 

PERCENT 
OF POINTS 

34.921-
9. ~:j2X 
4.767-
4.767-
1.59% 
9.527-

3.4.297-
U .11/; 
6. :357-
1.591. 
1.591. 



TABLE 5-4 RANDOM ROUTE ERROR STATISTICS, RUN 3 

'Er~I:~()F\ Frn::mJENCY DENSITY 
EF\r~OF\ NLH"IBER PERCENT <it 

INTEI:;:Vf~L F'OINTS OF POINTS 

0- 25 18 29.03:Y. 
25- 50 7 :I.:L • 2 9;~ 
::50'- 75 3 4.84% 
75- :LOO 3 4.84% 

100·- 125 1 1.61% 
125·- 150 5 8.06% 
150·- 175 11 17.74% 
200·- 225 8 12.90% 
225·- 250 2 3.23% 
250- :::75 1 1.61% 
275- 300 1 1.6l:Y. 
300- 325 1 :L.61% 
450- 475 1 :I.. 61:Y. 

CUMUUHIVE EF,FWRS 
EF:ROF, on: EFmORS F'EHCENT 

.,... 

FEET LT FEET EF,RORS 

0 12 19.3!::j:y' 
25 :1.8 29. O~~:y' 
50 26 41.94% 
75 28 45.16:Y. 

100 31 50.00:Y. 
125 32 ~jj .• 61% 
150 37 59.68:Y. 
175 48 77.42% 
225 56 90.32% 

. ,. 250 :58 93.55/. 
2?:"'j 60 96. /7% 
32~5 61 98 t 39;;'; 
4;'5 6') 100.00/~ 
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TABLE 5-5 RANDOM ROUTE ERROR STATISTICS, RUN 4 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS 

0- 25 20 
'")r.-.... :J- 50 5 
50- '75 4 
75- 100 4 

100- 125 1 
125- 150 6 
150- 175 11 

__ 200·- 225 7 
225- 250 4 
450- 475 1 

CUMULATIVE ERRORS 
ERROR • ERRORS PERCENT 

FEET LT FEET ERRORS 

0 13 20.637-
25 20 31.l5:%: 
50 26 41.277-
75 29 46.03/; 

lOO 33 52.38:7. 
125 34 53.97% 
150 40 63.49;':'; 
175 51 80. 9~.'i:7. 
225 58 92.06;':'; 
250 6~) 98.4LY. 
475 63 100 tOO;':'; 
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31.75i; .., .94:%: , 
6.35:%: 
6.35:%: 
1.59:%: 
9.52/! 

17.467-
11011% 

6.35% 
1.59:%: 



TABLE 5-6 RANDOM ROUTE ERROR STATISTICS, RUN 5 

EI:mOR FF,ECWENCY l.iENSI'T Y 
EF~FWR NU1'IHEF~ PEI:~CENT 

INTEF~VAL F'OINTS OF POINTS 

0- ~1C" 
.:...J ''':''1 .. ~ 32.81i:: 

25- 50 4 6.25i:: 
50- 75 3 4.69i:: 
'75- 100 1 1.56i:: 

100'- :125 2 3.12i:: 
125 .. - 150 7 10.94i::. 
150 .... 17!5 8 12.50i:: 
175- 200 2 3.12:Y. 
200- 225 6 9.37i:: 
225-" 250 4 6.25i: 
275·- 300 1 1.56i:: 
350- 375 2 3.:l2i:: 
425- 450 1 1 • ~:56i:: 
430- 475 1 1.56i:: 
~)50- ~5"75 1 1.56i:: 

'J. 

CUMULATIVE ERRORS 
ERROR I ERRORS PERCENT 

FEET LT FEET ERRORS 

0 :1.:'5 23.44~-:; 

25 21 32.1:11/; 
50 26 40 • 62~!~ 
75 28 43.75i: 

100 29 45.:5D: 
125 31 48.44i; 
150 38 59. 37~~ 
175 46 "11 ,87i:: 
200 48 "75.00'; 
225 54 84.37~ 
250 !58 90.b2i:: 
275 59 92.19i:: 
37~5 61 95.31~~ 

450 6.2 96.87i:: 
475 63 98.44;~ 

575 64 100.00i:: 
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FIG. 5-2 RANDOM ROUTE LOCATION SUBSYSTEM ERRORS, RUNS 1-5 

5-10 





6 
7 
8 
9 

10 

G 
7 

8 
9 

10 

G 
7 
S 
f) 

]0 

.. ..." 
\ 

CHECKPOINTS 

1 2 3 

58 0 0 
58 0 0 
58 0 0 
58 0 0 
58 0 0 

22 23 24 

119 77 20 
119 77 20 
119 226 20 
119 77 20 
119 77 20 

43 44 45 

192 0 0 
80 0 0 
80 0 0 

192 274 0 
80 274 0 

TABLE 5-7 LocATION SUBSYSTEM-ERRORSAT'SECONDARY CHECKPOINTS 

4 5 6 7 8 9 10 11 12 13 1·1 15 16 17 18 19 20 21 

180 128 191 277 153 0 92 0 41 8 0 0 10 :!41 0 198 25 0 
180 265 160 277 153 0 92 0 41 S 0 0 10 2'11 0 198 25 0 
180 0 191 53 153 0 92 225 41 8 ,) 0 10 241 - 250 25 0 
94 128 52 53 153 0 92 0 41 8 0 0 10 241 79 198 179 0 

180 128 52 277 153 0 92 225 41 8 0 0 10 241 370 250 25 0 

25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 -12 

61 120 26 47 157 0 181 84 40 0 77 151 89 6,1 9 0 410 0 
61 90 51 29 157 0 181 84 198 0 77 151 89 64 77 0 20 0 
61 90 51 29 157 0 181 84 40 0 10 151 89 64 77 0 410 0 

139 120 51 47 157 0 181 84 198 0 10 151 89 64 9 0 20 0 
139 90 51 376 157 0 181 84 40 0 43 151 89 155 77 0 43 0 

< 

46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 

46 60 0 0 40 115 50 81 0 0 38 0 92 92 0 0 0 
.-16 60 0 0 71 115 50 81 0 0 183 0 92 92 0 0 0 
46 60 0 0 40 47 50 312 0 0 183 0 92 92 0 0 0 
46 60 0 0 40 47 50 81 0 0 192 0 92 92 0 0 0 

227 60 0 0 160 47 50 81 0 0 192 0 92 92 0 460 0 



TABLE 5-8 RANDOM ROUTE ERROR STATISTICS, RUN 6 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS 

0- 25 26 41.94% 
25- 50 8 12.90% 
50- "75 5 8.06% 
715- :lOO 8 12.90% 

100·- 12~) 3 4.84% 
125·- 150 1 1.61% 
niO- 1"75 3 4.84% 
175·- 200 5 8.06Z 
225 .... 250 1 1.61% 
275- 300 1 1.61i:: 
400- 'l25 1 1.61~~ 

CUMULATIVE ERRORS 
ERROR i ERRORS PERCENT 

FEET LT FEET ERRORS 

0 22 35.48;' 
25 27 43.55% 
50 35 56.45% 
75 39 62. (?O/; 

100 47 75. 81/~ 
125 50 80.65% 
150 51 82.26:r. 
1"75 ~'54 87.10% 
200 59 95.16i: 
2!'50 60 (;>6 .. 77:r. 
300 61 98. ;39% 
4 '·)e.· 

1<, ... ,..) 62 100.00;' .- _. 
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TABLE 5-9 RANDOM ROUTE EB,ROR STA TlS TICS , RUN 7 

EF\fWF~ FF<E~i:WElJCY DENIHTY 
ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS 

0-- 25 26 
25- 50 4 
50- 75 7 
7!:5- 10.0 11 

l()O'~ 125 2 
l50- 175 4 
1'7~'5'~ 200 :5 
225- 250 1 
2~50- 275 1 
275~· 300 1 

CUMULATIVE ERRORS 
ERROR $ ERRORS PERCENT· 

FEET' LT FEET ERRORS 

0 22 35.4S:v. 
25 27 43.55:v. 
5·0 31 50.007-
75 37 5(1.687-

100 48 77.427-
125 50 80.657-
175 54 87.10% 
200 59 95.167-
250 60 96.777-
275 61 913.397-
300 62 100.00i: 
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41. (147-
6.457-

;1.1.29% 
17.747-

3.237-
6.457-
8.067. 
1.617-
1.617-
1.61% 



TABLE 5-10 RANDOM ROUTE ERROR STATISTICS, RUN 8 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS 

0- 25 2:='--; 40.98Z 
25- 50 7 11.48Z 
!50·· 75 '7 11.4BZ 
75· .. 100 8 :L3.:I.:I.i; 
lOO~ :l25 1 1.64% 
150··· 175 3 4.92% 
:in:;·· 200 4 6.56i.: 
225- 250 3 4.92% 
250- 275 1 1.64i.: 
300- 325 :I. 1.64% 
400- 4:~5 1 1.64i.: 

CUMULATIVE ERRORS 
ERROR * ERRORS PERCtNT 

FEET LT FEET ERRORS 

0 2:1. :~.cl .. 43:~; 
2t:S 26 ·t1·2 + 62% 
50 :33 :54. :i o/~ 
.... r. .. 
/,j ""0 ~, 6~':: + S)~5/. 

;1.00 A-' 
"t/ 77.05/: 

125 48 78. b9/~ 
:i 7::5 ~il B~5.61% 

200 55 90.:i6i.: 
'1',r::-: 
.:..,,::. .... J ~:)6 9:L.80~~ 

250 ~~9 96. ?2A: 
'7'1"" 
\oJ ... ,' ...... ) 60 9B (. :'56/": 
425 6j, :J. 00. O()~{. 
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TABLE 5-11 RANDOM ROUTE ERROR STA TISTICS, RUN 9 

E:1:::1;:Cli'? FF~EQlJI:::j'JCY DENB ITT' 
ERROR NUMPER PERCENT 

INTERVAL POINTS OF POINTS 

0- 25 26 
'ir.::_ 
10.'--' 50 5 
!:50- 75 7 
?5· ... :LOO 9 

tOO'- 125 2 
:1.2:5,- :J r."r; .,.H· 2 
1:)0- 175 3 
1 ?~)"- 200 6 
22~)- 250 1 
250·- 275 1 

9(?:::iO- 9975 1 

CUMULATIVE ERRORS 
ERROR # ERRORS PERCENT 

FEET LT FEET ERRORS 

o 

!50 
?5 

:t 0(;0 
:l:2 ~:; 
150 
:L '/5 
200 
2!J{) 

20 
~.2 (~) 
..... ,-. 
.... 'j,,:.: 
.. 1' ..... 
\..1 Co 

4? 
4<;' 
'5:1. 
!::i4 
(,)0 

.:S :t 
6:::. 
.t..':! 
~-' \ .. ' 

31 ~./15% 
41 /'.' ..... 111 

•• ~ / I. 

~~)O ~ ?9:}; 
L ,.. ..'It,...",,! 
\J ,} + ~:;, ,:",/1# 

/'4. I ('\I~' 0' .... ·,,, 

77 • :?i3:'~; 
80. 95/~ 
85.7:lZ 
(15 + 24/; 
<;'6 + 83/; 
9B.41:i.: 

100.0()% 
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41. 27i~ .., • (l4% , 
:l:l .111. 
14.29% 
~5. :t ·7:~~ 
3.:l77. 
4.76% 
9.52% 
1 • 59/. 
1 .59% 
1 r.:-O· i 
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TABLE 5-12 RANDOM ROUTE ERROR STATISTICS, RUN 10 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS 

0·- 25 12 
::;5- 50 5 
50·- 75 3 
-I'· /,,:j- :lOO 6 

100 .. - 125 :f. 
1~5'- 150 2 
150- 175 4 
175- 200 2 
22r:;- 250 2 
250- 275 1 
275-" 300 1 
350·- :575 1 
375·· .. 400 1 

1350- 1375 1 

CUMULATIVE ERRORS 
ERROR t ERRORS PERCENT 

FEET LT FEET ERRORS 

0 9 21.43% 
")1:" 
,; •• ~J 1.3 30.95% 
50 17 40.48% 
75 20 47.6Q% 

100 26 61.90% 
125 27- 64.29% 
150 29 69.05% 
175 .--: 

,:) .... 78.57% 
200 35 83.33% 
225 36 85.71% 
250 38 90. 48;~ 
300 39 92.86% 
375 40 9~5 • 24/; 
400 41 97.62'; 

J.37~5 42 100.00~~ 
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28.57% 
11.90% 

7.14% 
14.29% 

2.38% 
4. ?6;' 
9.527. 
4.76% 
4.76% 
2.38% 
2.387-
2.38% 
2.38% 
2.38% 



4. Compute error: 

ERROR (CP) =-J(X(SP) - X(CP»)2 + (y(SP) - Y(CP» 2 

Table 5-13 contains the results obtained by using CPMAIN to compute the \ 
location error at CP 1 through CP 41 and manual computation necessary to com
pute the location error at CP 42 through CP 62. The tabular results obtained for 
all random route runs are contained in the Appendix. 

Figure 5-3 contains error histograms of the results obtained during each 
of Runs 6 through 10. Figure 5-4 is an error histogram for Runs 6 through 10 
combined and a cumulative error distribution. 

Figure 5-5 cO-:1.tains the overall results obtained d'~ring Runs 1 furough 
10 inclUSive, in terms of the frequency of errors over 25-foot error intervals 
and the cumulative error distributlon for all 622 samples. 

It is Significant to note that, of the 6 errors which exceeded 450 feet, 
three occurred at the same location, CP 6 on Run 1 and Run 5 and CP 46 on 
Run 5 (primary checkpoints 6 and 46 were at the same location). In each of the 
cases, analysis of the cassette dumps shows that a Region 1 from signpost ~15, 13) 
was not received, even though the test vehicle passed within 40 feet of the signpost 
just prior to approaching the checkpoint. Subsequent to the co:npletion of Runs 1 
through 5, it was detennined (refer to Section 3 for details) that the vehicle unit 
clock frequency had been slightly maladjusted and caused a slight degradation in 
the ability of the unit to lock up o~ all signposts as their FSK changed (within 
design tolerance) as a function of temperature. This phenomenon was noticed 
as the temperature was rapidly dropping towards freezing during Run 5. Prior 
to Run 6, the vehicle unit clock frequency was correctly set. Subsequent test 
runs were made in temperatures as low as SOF, following overnight low tempera
tures of OOF. 

This adjustment reduced the location subsystem error significantly, i. e. , 
whereas Runs 1 through 5 incurred 5 errors, exceeding 450 feet, Runs 6 through 
10 incurred only 1 such error, and whereas Runs 1 through 5 incurred 11 errors 
exceeding 300 feet, Runs 6 through 10 incurred o~ly 6 such errors. 

5.2 RANDOM ROUTE AVM SYSTEM ERRORS 

Tne results obtained by processing Random Route Runs 1 through 10 by 
use of data processing routine RRSL are presented in this subsection. Location 
errors associated with the HI3 A VM System in which pseudo checkpoints serve 
as the reference are also presented. Pseudo checkpoints were determined by 
simulating a 20-second polling interval. This simulation was affected by selecting 
every 40th data record from the test data. The methodology for computing the 
reference location at each pseudo checkpoint is described in paragraph 4.2.3. 

(Text continued on 5-22) 
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TABLE 5-13 TABULAR LISTING (IF LOCA TION SUBSYSTEM ERRORS. RUN # 10 

Lr .. :( Cf.· J ,'(CF) LOC(d 10" I'i[ hrl1i~ X(;il') (C.I' ) r Id~()I\ J, 

1 Dl:J3 'j/31 fl,1.2 Rl 8F6 :,iJ7~~ I' n 
.J ~J 

:' 1'1777 6397 8.12 Rl n:!77 6:~97 0 

:l [{:~:j4. 70J4 10.:l2 Rl n:,~4 .'C·~;4 0 
4 8150 7778 12.12 R1 8321 /'/:1 :l80 
G 7969 7159 17.16 R25 7937 7283 128 

,,~ 80'59 7803 15,16 RJN 7882 6463 1.351 .. 
<> 7830 6470 15.16 R2N 7882 6463 52 
7 7140 6::i96 8.10 Rl 7403 6509 277 
8 6918 \.~:!23 15,15 Rl 6909 6376 153 
9 6427 S(;97 6, 8 Rl 6427 5897 0 

:!O ::;461 6021 6, 6 Rl 5553 6009 92 
11 5618 6::il1 8, 6 Rl 5644 673::; 225 
12 5771 7'126 1(), 6 R1 5730 7421 41 
13 6509 '13·11 10, 8 R2W 6~j03 7:535 8 
1 A; 7::;() 0 7204 10.10 Rl 7::;00 7204 0 
1:1 7910 6813 16.16 Rl 7910 6813 0 
16 7860 6290 15,16 R1 7856 6280 10 
17 6451 6137 6, 8 R1 6427 5897 241 
18 6530 6631 8, 8 R35 0468 6266 370 
19 6600 7104 lO, 8 R2W 6503 7335 250 
20 [,693 7755 12, 8 R25 6be5 7731 :25 
21 7090 7458 17,15 Rl 70'10 7458 0 
22 69f:ll 6811 1.h15 Rl 6996 6930 119 
23. 6545 6276 15 rl04 R2E 6468 6266 77 
24 6046 6355 15,13 Rl 6026 i!)35B 20 
25 5646 6397 15.11 R2E 5508 6417 139 
26 574:5 7541 10, 6 f~2H 5766 7629 90 
27 :sa67 8275 14, 6 R3!5 5871 8::26 51 
29 62'17 7988 12, 8 R3W ~i23 .7965 376 
29 6102 6886 16.13 Rl 6122 7042 157 
30 5730 7421 1<h 6 R1 5730 7421 0 
31 5813 7865 12, 6 R1 ~7 8045 181 
32 6638 7895 12, 8 Rl 6714 7933 84 
33 7090 7702 17,15 R2N 7083 7662 40 

*3,1 ,~996 6930 16.15 Rl 'i'96 6930 0 

ell. :hUN010.001 

3~ .0453 6641 8, 8 R3W 6414 6661 ·\3 
30 6147 6705 8, 7 R1 6298 6690 151' 
37 ~,Oft,·1 64-16 1:5,13 Rl 6026 6358 89 
38 599~ 598~ 15rl,3 R25 5996 6139 155 
39 6267 7988 12,· 6 R3E , ' 6193 8011 77 
40 6714 7933 12, 8 Rl 6714 '7933 0 
41 7121 7879 19,15 R25 7135 7922 45 

42 7591 7855 12,10 HI 7591 7859 0 
43 8288 74M 10,12 R3N 8l!S3 7388 80 
44 8059 7803 12,12 Rl 8321 7721 274 
45 !I591 7859 12,10 Rl 75U 7859 0 
40 6741 8158 12, 8 R2W 6623 7965 227 
47 7157 8093 19,15 R1 7147 8153 60 
48 7090 7458 17,15 R1 7090 7458 0 
49 6427 7006 16,14 R1 6427 7006 0 
50 6284 7063 8, 7 R2N 6325 6908 160 
51 5820 7115 16,13 R3W 5837 7071 47 
52 6296 8232 19,13 R1 6300 8282 50 ;~ 

53 6192 7484 l7,13 HI 6219 7561 81 
54 6627 7326 10, 8 R1 6627 7326 0 
55 6909 6376 15,15 R1 6909 6376 0 
56 6838 5874 6,10 R2W 7023 5820 192 
57 6427 5897 6,18 R1 6427 5897 0 
58 5461 6021 6,16 R1 5553 6009 92 
59 5461 6021 6, 6 R1 5553 6009 92 
60 6427 5897 6, 8 R1 6427 5897 0 
61 73%1 5782 6, 8 R3E SM5 5846 460 
62 8178 5673 6,12 R1 8171 5fi73 0 
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Individual listing of pseudo checkpoint errors for RU!'.-S 1 through 10 are 
presented in the Appendix. However, for illustration, Table 5-14 contains a 
copy of the RRSL output listing for Run 10. This listing represents the first 
pass throagh the program which simulates the 20-second poning interval but 
does not simulate communicatim errors. Table 5-15 contains the error statistics 
for these data as well as those for the results obtained when a 5-percent communi
cation error was to shift one error from the 50-75 foot interval to the 325-350 foot 
interval. 

Figures 5-6 through 5-15 contain error histograms and cumulative error 
distributions of Random Route AVM System Errors for Runs 1 through 10. 
As in the case of Location Subsystem data processing of Run 10, the last por
tion (CP41 to end of tape) of the run was processed manually. In Figures 5-6 
through 5-15, the solid lines represent the results obtained with no communica
tion errors simulated. Where a difference occurred, a dashed line has been 
used to represent the results obtained when a 5-percent communication error rate 
was simulated. Note that, in general, this difference is hardly perceptible. 

Table 5-16 contains a summary of the Random. Route A VM System error 
statistics for Runs 1 through 10. Note that Run 5, dm.ing which the maladjusted 
vehicle unit clock frequency produced the most location subsystem errors (as a 
result of the temperature being the lowest), contributed 17 system level errors 
which exceeded 300 feet whereas the other 9 runs contributed only 81 such. errors. 
Thus, Run 5, representing only 7.6 percent of the total samples processed, pro
duced 17.3 percent of the errors exceeding 300 feet. Similarly only 7. 6 percent 
of the data produced 3 samples, or 21 percent of the errors exceeding 450 feet. 
Subsection 9.2.4 contains a detailed discussion of this frequency maladjustment. 
Section 10 contains a discussion of pertinent problems in recording, processing, 
and analyzing test data. 

Figure 5-16 contains a histogram and cumulative distribution of Random 
Route AVM system errors, both with and without communication errors, for 
Random Route Runs 1 through 10. As a result of the HI3 communication error 
detection and correction technique, the ?npact of 5 percent communication errors 
is negligible. In Table 5-17 ~ the impact of 5 percent communication errors on AVM 
system accuracy are quantified. 

5; 3 AVERAGE ERROR OVER ONE-TENTH MILE SEGMENTS 

The results obtained by processing Runs 1 through 10 by use of the RRTEN 
routine are tabulated in Tables 5-18 and 5-19. Table 5-18 contains results associated 
with Runs 1 through 5 and the Primary Route. Table 5-19 contains results associated 
with Runs 6 through 10 and the Secondary Route. The largest single one-tenth mile 
avel'age 0-:1 any s4'Lgle run was 455 feet. This occurred dur:ing the 64th segment 
on Run 8. The average error obtained over this segment during Runs 6, 7, 8, 
and 9 (Run 10 could not be processed past the 60th segment) was 234 feet. Tables 
5-18 and 5-19 also contain data averaged over these corresponding five runs. The 

(Text continued on 5-45) 
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TABLE 5-14 RRSL OUTPUT LISTING FOR'RANDOM ROUTE RUN 'if 3 
SIMULATED ERRORS PSEUDO CP I ERROR TIME 

1 0 2:34 
2 14 2:52 
3 70 3:14 
4 3 3:32 
!5 2 ~3: !S2 
6 6~'5 4:32 
7 :'57 4:52 
8 279 5t12 
9 8:5 5:32 

:1.0 2 :l:I. 5t52 
1:1. :U 6:12 
j.2 :1.99 6:32 
13 47 6:52 
14 :1.53 7:12 
1.5 97 7:34 
16 46 7t~52 

17 162 8: 12 
18 413 8:32 
19 :1.9 13: ::i2 
20 236 9::L2 
21 22 9:32 
22 22 9:52 
2:3 56 10:12 
24 8 10:34 
25 21 10:52 
26 :1.52 11 : ;1.2 
27 ::!~~6 :1.:1.: :32 
28 229 11 t52 
29 Hl 12: :1.2 
30 69 :L2: :5=~ 
3:1. 36 1.2:52 
32 ;L~!2 13 :;L2 
33 !:i6 :1.3 t 32 
34 :~:2 :L3: 5~~ 
35 2B \ :1.4::1.2 
36 413 14:32 
37 :1.5 14:54 
313 ::!4 15: :1.2 
39 24 :1.5:32 
40 :1.:39 :1.5:52 
4:1. 372 :1.6: :12 
42 :I. :1.:3 :L6 :32 
43 :1.80 :L6: !52 
44 132 :1.7! 12 
45 22:1. 17:32 
46 99 :L7 :52 
47 142 ;1.8:12 
48 :31 113:32 
49 92 :1.13: 52 
50 91 19::1.2 
51 217 19:32 
~52 :L39 19: :52 
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ODOM: 
55~? 
560 
737 
771 
866 

1177 
1356 
15:L9 
:L572 
1724 
j, 13 :1. 6 
1928 
206:3 
216:3 
2297 
2422 
2~5H4 
2625 
2635 
2744 
21305 
2805 
2964 
29813 
3003 
3:1.81 
:3336 
336:1. 
:3524 
3556 
3702 
38B5 
4068 

:1.!':i4 
156 
2:1.0 
44'7 
6:1.1 
6:L :I. 
69~5 
861y 
13136) 

104:1. 
:1.23'7 
14~53 
1662 
1823 
1942 
2:L17 
~~2()9 

2272 
23B2 



TABLE 5-14 RRSL OUTPUTLJSTlNG FOR RANDOM ROUTE RUN # 3 (Cont'd) 
'53' :1.37 20!:l2 2383 
54 :l37 20:32 2383 
55 :1.96 20:54 2575 
56 :1.33 2:l:12 2782 
57 0 21:32 2867 
58 10 21:52 3049 
59 68 22::l2 3186 
60 3284 2:1.6 22: ~54 
61 3476 ~'j8 22: ~52 
62 3649 :1.6:1, :~3: :1.2 
63 3777 ~B~'5 23:32 
64 3891 :1.07 2:?: !52 
65 4050 1 ~5~~j 24: :1.2 
66. 122 44 24:32 
67 :l23 42 24: ~52 
68 138 :I. :? 25: :l2 
69 312 6 25:32 
70 406 :1.:1.2 25: ~52 
71. 496 1.)7 26: :1.2 
72 641 7 26: :52 
7;3 8:1.4 ~7j7 26:52 
74 916 ~53 27:12 
n:'i 989 19'7 27: :52 
76 989 :1. 9'7 27:52 
77 1048 7B 28:12 
78 1206 67 28:32 
79 1209 62 28: 5~~ 
80 1287 :J.2:~ 29:12 
8:l 1498 :1.27 29:32 
82 1676 4B 29: !52 
83 1676 4B ~30 ::1.2 
84 1788 42 ;30: ;32 
85 :l943' 2:1.7 ~~o :52 
86 2072 :1. ~5 31:12 
87 2:1.80 2:1.4 3:l! 3:~! 
88 2:l80 74 31 : 5~?' 
89 2:1.80 362 32:12 
90 2311 :1.82 32:32 
91 2476 51.) 32:52 
92 2536 3B:1. 33: :1.2 
93 2619 7"7 33: ~3~~ 
94 2801 :1.6~3 33:52 
95 2936 ")t,(") 34: :1.2 A' .. \.) ') 

96 3100 ~'5tl ;34: ~52 
97 3112 ~54 ;34 : ~'52 
98 3261 :1.1.)6 3r:'i: 12 
99 3452 20~::.i 35: ;'3::! 

100 3655 :1,6E/ -.,::" + 1::'''1 
~\.J. W,,; .. 

101 3761 4(? 36: :1.2 
102 3884 :1.:1.9 36:32 
103 4066 n:i 36 :::52 
104 202 201 37: :l2 
105 359 :l:l :l 37:32 
106 5:1.8 48 ;37: 52 

5-24 



TABLE 5""14 RRSL OUTPUt i.JSTING FOR MNDOM ROUTE RUN 41 3 (CO,lt'd) 
107 118 38t :l2 594 
108 109 38 ::32 750 
109 233 38:52 941 
110 26 39:12 1108 
111 92 39:32 1241 
112 1.70 39 ::52 1391 
113 66 40: :l2 1511 
114 21 40:32 1619 
115 2:1. 40:54 1619 
1:1.6 38 41:12 1648 
117 321 41 ! ~52 1791 
118 ~~20 41:52 1924 
119 :LO:3 42: 12 2086 
120 1:58 42:32 226~ 

121 40 42:52 2427 
122 177 43: :L2 2637 
123 103 43:32 2674 
124 2~58 43:52 2833 
125 154 44:12 2981 
126 88 44:32 3211 
127 238 44:52 3438 
128 36 45:12 3598 
129 36 45:32 3598 
130 2 45:52 3624 
131 570 46:33 3E158 
132 0 46:53 4025 
133 53 47:13 79 
134 175 47:33 200 
135 136 47:53 278 
136 190 48113 418 
137 72 48:33 542 
138 6 48:53 683 
139 12 49:46 692 
140 ;1.2 50: 3 692 
141 14:1. 50:23 704 
142 65 50:43 886 
143 17 51: ~i 910 
144 158 51:23 1053 
145 29 5U4~i 1179 
146 106 52: :~ 1294 
147 246 52:23 1402 
148 249 52:45 1514 
149 4() 53: 3 1604 
150 2ei7 53 :2:3 1753 

i 151 :l02 53:43 1831 
152 14~5 54: 3 1853 
153 250 54:23 1986 
154 140 54:43 2041 
155 110 55: 3 2056 

;( 156 72 55:23 2075 
157 9 55:43 2181 
158 164 56: 3 2342 
159 117 56:23 2494 
160 159 56:43 2653 
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TABLE 5-14 RRSL OUTPUT LISTING FOR RANDOM ROUTE RUN"" 3 (Cont'd) 
161 48 57: 3 2774 
162 72 57:23 2831 
163 198 57:43 3033 
164 224 58: 0 3097 
165 :1.47 !:m::w ~~272 

166 169 58:40 3:~98 

167 187 59: 0 3~57f.l 

168 42 59:20 :~7:1.4 

169 114 !59: 42 3 Ill:!. 
170 127 60: 0 4046 
17l :I.'lI;> 60:20 104 
172 46 60:40 17:1. 
173 4t) 6U 0 17:t 
174 47 6:1. :20 :U6 
l7!5 :1.03 6:1. : 40 389 
176 10;'5 62: 0 389 
177 5 62:20 413 
178 24 62:40 !:'i74 
179 61 63: 0 750 
180 120 63:20 1127 

18l 30 63:40 1072 
182 1 :t:I. 64: 0 Ll66 
183 69 64:20 :1.336 
184 24~~ 64:40 1492 
185 48 6!5 : () :1.!54~:i 

186 2~:H) 65:20 :1.720 
187 :1.07 6!5 : 40 :1.782 
188 2 :1. ~5 66: 0 1.1»42 
189 24 66:20 :1.993 
190 :';;6 66:42 209f:l 
191- B2 67: 0 :~235 

192 :1.0 67:20 22f:l1 
193 20 c)B: 0 403!5 
:1.94 249 68:20 U.7 
:1. 1;>!7i 6:2 68:40 2:1.1. 
196 62 69: 0 2:1.:1. 
197 7~5 69:20 ~5!54 

11»8 :I.B 69:40 ~542 

199 :I. :1. ;:i '7() : () 740 
:.!()O :1.22 70:20 In:l. 
201 :U3 70:40 :t:I.48 
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TABLE 5-15 ERROR STATISTICS FOR RUN #3 

ERRor~ Ff~E(~UENCY DENSITY [F~fWH FF;;EnUEJ,H::Y DE1~GITY 

ERROR NUMBER PERCENT ERROR NUMBER PERCENT 
INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0- 2~) 31 l5.50Z 
25- ~'iO 32 i6.00Z 
50- 75 26 :L~~.OOZ 

75·- 100 15 -, ,-, .. 11.1 

I + 1.:,I\ • ..'/~ 

100··- ;1.25 21 :1.0. !50% 
12!5- ;1.:30 :1.3 6 • ~50;~ 
l5()-- 175 :1.8 9 • ()O;~ 
1 /'~'i-" 200 10 5 + OO/~ 

200·- .225 U. 5 + 50i; 
22~:5·'" ~?'5() 8 4.00r. 
250 .. ·· 21'5 4 :?.OOr. 
2?~:j- 300 :3 :1. (.50/.: 
300,- 325 :1. 0.50r. 
325·· .. 3~50 2 1 • O();~ 
3~50-· 375 2 :l + 007. 
375- 400 1 0.50/': 
400- 4 ')r_-

1\' .. ;;.) :I. 0.50% 
550- 575 .i. ().~)O/~ 

CUMULATIVE ERRORS 
ERROR I ERRORS PERCENT 
FEET LT FEET ERRORS 

{) 3 1 t ~50~~ 
~-, I~ 
.... ;\J ~) J . j.5. 50~~ 
50 c:,3 2) J. ~ 50;'~ 

7'5 B~») A4. 5();~ 
:1.00 :1.04 52 .. 00;~ 
:t13 :1.2:5 62 t 50/~ 
:J.5() 1 :5(jl tI9.50/.: 
175 " I~"'I 

.I.':'J I ?B ~ 50~~ 
r).t'J'\ 
.:.. !,) \) :1.6Ci t13+00:;;: 
::.~25 .11'7 88 ~ 50~~ 
r)~'" 
.~,.} '-.J :L8b 93. OOi~ 
27'5 :1.89 9·1. 50/: 
:':H)O :1 ~~2 96.00;! 
-v r\ 1'-
",1;:;',:.1 :i.93 96. ;:)O;~ 
-I~"\ 
~~:J"J i9!3 97. ~:i0~~ 
~~)?~J t ~-;7 S"'8 ~ t')O;' 
l}OO :1.9£: 99.001. 
·42r:i ;1. ~;)9 SHY.50% 
5'7~:j 200 100.OO~r. 

AV~RAGE ERROR = :113.59 
STANDARD DEVIATION - 92.84 
~LAPSED TIME ~ 4111 

()- .25 31 15.50/.: 
25~" 50 32 16.00Z 
!j() .... 75 2'7 13.50Z 
75~" 100 :I.S 7.50r. 

:1.00- :1.;25 21 lO.50/.: 
125·- j.~-j() 13 6.50/.: 
150·- 17~i 18 9. OOi~ 
175'-' ;;~oo 10 5. OO:~ 
200- 225 1.1 5.50Z 
225- 250 8 4 • OOi~ 
250- 275 4 2.007-
2·75- 300 3 1.501. 
300- 325 1 0.50/.: 
325- 350 1 O. 50;~ 
350- 375 2 :1. .OO/.: 
375- 400 1 0.50/.: 
400,- 42!.':i 1 0.50/.: 
~:i!jO··- 5;:-'5 1 () • 50i: 

CUNl.lLATIVE EFmORS 
ERFWFi: :C' r:::F<RClRS F'EJ=~CENT 
FEET L.T FEET EF\Rm~S 

0 -. 1 + 50i~ .:l 

25 3:L :I.:Oj • !5,)X 
50 63 31. 50/~ 
75 90 't5 • OO/~ 

100 10!5 !52 + ~)O/: 
125 :1.26 63. OOi~ 
150 :1.40 70. OO;~ 
17~5 :I.!38 79.00;' 
200 :l67 8~~. 50/.: 
225 1'78 89.001. 
2!50 :L8? 93.50/.: 
275 190 95.00;' 
300 193 96. 50i~ 
325 :L94 97. OO~{, 
350 :1.95 0-") r.:-""J 

• I • .... I\.i /. 

375 197 98.50:Y. 
AOO :l98 99 • OO/~ 
425 199 99.50% 
575 200 100.00X 

AU~RAGE ERROR = 112.29 
STANDARD DEVIATION - 91.61 
ELAPSED TIME = 4111 
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TABLE 5-16 SUMMARY RANDOM ROUTE AVM SYSTEM ERROR STATISTICS. 
NO COMMUNICATION ERRORS 

Average Error Max Error 
Run # (feet) ~Samples < 300' % Samples < 450' {fee'll 

.. 1 115 97.03 98.88 617 

2 109 93.89 99.13 496 

3 110 96.0 99.50 570 

'.1: 114 96.05 100.00 420 

5 133 90.06 98.25 721 

6 109 95.15 100.00 446 

7 116 96.54 99.62 480 

8 114 96.85 99.61 482 

9 109 97.39 100.00 794 

10 112 95.69 98.56 794 .., 

All Run~ 
Com- 114 95.66 99.38 ·794 
bined 

All Ruru 
Exclud- 112 96.16 99.47 .794 
ing Run 
#5 
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TABLE 5-17 llVIPACT OF 5 PERCENT COMMUNICATION ERRORS ON AVM 
SYSTEM ACCURACY 

No Errors which No Errors which 
% Less than % Less than 

Run # No. PCP'l 
Increased Decreased 

300' - No Com 300' - 5% 
Error Com Errors 

1 269 '" ." 1 97.03 97.03 

2 206 1 1 93.69 93.20 

3 201 0 1 97.01 97.01 

4 228 0 4 96.05 96.05 

5 171 0 1 90.64 91. 23 

6 206 1 1 96.12 95.63 

7 260 0 4 96.54 96.92 

8 254 1 3 96.85 97 24 

9 230 0 1 97.39 97.39 

10 21.0 4 0 95.71 95.71 

Com-I bined 2235 10 17 95. 79 95.88 
1-10 
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I. 

TABLE 5-18 AVERAGE ERROR OVER ONE-TENTH MILE SEGMENTS OF 
RANDOM ROUTE RUNS 1-5 

" fWN 1 RAND0I1 ROUTE 
AVEF~AGE ERROl:': IN FEET OVER ONE"-TENTH MILE SEGMENTS 

59 :L '79 :L 13 :L02 l22 214 :1.06 22'7 184 56 
'73 H4 96 El4 :LEl8 :7il 115 226 '78 105 

258 100 15:1. 20!5 367 El4 142 :1.52 171 75 
* 79 47 1:54 136 no 1!58 90 H4 161 10:3 

CT1ZRUN001.001 

:L22 9~3 188 17:3 93 H6 :L:l7 105 75 75 
197 1:1.9 ~r7 !57 102 128 :1.21 94 113 125 
193 :1.113 :1. :n 73 137 137 :L47 105 119 68 

51 Hl 11.1 155 129 '74 204 67 :1.24 114 
131 7~) :L22 :t:L5 85 121 1.48 135 174 '78 

I:':UN 2 1~~AN[lO!>j I:;;OUTE 
AVERAGE EI:::ROi~ IN FEET OVER ONE~-TENTH MILE SEGMENTS 

168 99 :1.27 "76 :t79 90 75 8:3 98 68 
91- 89 51 55 227 43 76 :1.58 106 1"75 

146 :L:l4 89 20(,il 358 105 99 142 j,:39 104 
86 '7:1. 127 144 94 :1.40 76 8~5 14:~ 146 

*1913 ;1.:34 179 60 ns 1.17 ;225 :1.~~3 n 83 
CT:1. :Rl.lNOO2.00:l. 

149 89 122 :l44 194 '70 153 :1.61 :1.42 255 
208 ~5El9 145 :1.:1.9 EI:I, UO 73 231 :1."72 71 
:lO2 9~~ 132 90 195 142 76 ~!39 67 102 
120 '79 99 14(,il H!5 69 61. 96 223 1:1.4 

74 

FWN 3 i~:AND()M ROUTE 
AVEF~AGE EI:;;r~OH IN FEET OVER DNE .. -TI::NTH MILE SEGMENTS 

:L26 131 :'5"7 68 84 102 :1.:33 !:) :1. 72 28 
:1.73 1!S2 7B :1.40 45 8:5 8:~ 236 BO :1.02 

88 H7 165 :1.42 154 :I. :1.:3 :3~~4 ;L29 ~!07 125 
1:1.6 93 70 :1.61 94 71 :t4B 146 146 173 

*:l7b 9:5 129 :1.:1.7 :1,21 :t81 :l.2:t 10:3 1:5 :1. 131 
cn:RUN()03.001 

no :l2!5 107 :1.29 U2 200 9b :I.:3(j! I:~l') 
\J",'" 335 

1:L3 :L:l8 110 :1.4~5 :l()6 104 1.7"7 139 :L:l6 73 
HIEI 6':> 115 ;L51 110 :l!52 66 99 98 :J.:1.9 

8:l 83 10"7 81 li8 '71 "7"7 97 89 

5-41 



TABLE 5-18 AVERAGE ERROR OVER ONE-TENTH MILE SEGMENTS OF 
RANDOM ROUTE RUNS 1-5 (CONT'D) 

HUN 4 Ii:ANDON i:WUTE 
AVEHAGE EF~Ii:OIi: IN FEET ClVEIi: ONE·_·TENTH MILE SEGMENTS 

144 :L:34 95 78 :1.0:3 BO :L2~'.'i 65 75 ~57 

77 263 120 76 :l<S9 B~5 :LU) ~~O2 ,1>4 81 
148 70 87 :I.,S6 259 :1.05 :l:I.2 :1.:1.:1. :1.:1.9 :1.!51 

74 B~5 :L:l4 :l :3~'.'i 94 160 8'?: .:> 2:36 :I. (?O :1.32 
*162 :1.48 :1.29 . :L22 94 :1.00 :L4!:i (?4 B7 87 
cn ~ HUN004. 00:1. 

I 

123 8B SO :l2~::j 100 9~~ :I. 1 :'5 BB :I. !5El :1.60 
147 149 UO 64 :1.07 1:39 HI(S 191 :1. :1.6 b6 
54 U8 :I. :1.:3 :l56 U8 62 :1.4:1. (1:1. 72 :1.48 
63 88 (?5 80 :1.08 44 76 :L72 :1.49 :1.0:1. 

HUN ~) Ii:ANDDl1 F;:OUTE 
AVEF~AGE E Ii: F~ () I:;: IN FEET CJ~)EIi: ONE·-TENTH l11LE SEGMENTS 

253 :1.49 :L;!7 :1.08 75 9:3 :1.02 :~95 :L60 8~5 
46 8(? 84 78 208 H9 2:1.2 :l42 248 :1.39 

177 :1.5:3 9:'5 174 4:37 359 :1.74 :L8!5 (:) ._, 
, I :1.04 

139 :1. 06 :l64 228 :1.0:3 :L80 :L:l5 :I. :~!5 :1.88 191 
23:1. :1.77 2El!:i 1 o;.:.~ 9"7 :t:l ~5 2"70 (?1 6 ') ~, :t:l (1 

*:l10 :L:l7 :If.) "7 14"7 !33 149 :I.(?4 2:1.4 1:34 7::i 
CTl ~ FWN005. 001 ,. 

85 :1.!5:1. 10:1. 4:l :l !'.'i:3 155 :BO 406 :1.03 6!5 
:l.3(? 69 :1.0:1. 149 :1.45 13!5 B!:i :l.4B HO :1.:1.9 
163 ElB 60 50 :39 B~) 

"- :l.2(!) :1.:1."7 Btl 

COMPDSITE PRH1AF:Y HUNS 1--~5 
AVEHAGE ER~(Of~ IN FEET OVER DNE-TI:::NTH MIL.E SEGNENTS 

:I. ~50 1.2FJ 1.04 8"7 :I. :I. ::~ :L:l6 :1. OB :1.44 :I.:l.e !:'is) 
92 :1.41 B~) 1;1.2 :1.67 107 . :J.:W :1.93 1:1.!:'i 1'20 

:I.6~~ :I.:LO :1.:1.7 :1.79 :3:1. ~::; :I.!:'i3 :1.70 :1.44 :1.47 :I. 12 
99 80 :1.26 :1.61 9S) 142 1()2 :1.4:1. :1.66 :1.49 

:L7tl :1.29 Hl2 :1.:1. ~5 96 12b ;l76 :l 0;'5 e9 99 • :t:3B :1.07 St.! :I. ~!() :L:lB :1.28 1~55 :1.:39 :1.:39 190 
149 :Ltl5 :1.:1.9 8B :I.:I.? 12(7 :l.B2 2:1.4 :l.2~j 69 
:LO? :l:l4 :1.:1.4 :1.40 :1.:39 :L:l3 H4 :I ':)0 94 :1.20 .... , 

:l :1.2 8:~ 97 9::5 87 7"7 98 :1.23 :l.4~) 9"7 
1'4 
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TABLE 5-18 AVERAGE ERROR OVER ONE-TENTH MILE SEGMENTS OF 
RANDOM ROUTE RUNS 6-10 

HUN 6 F.:ANDOM FWUTE 
AVEF.:AGE EI:;:FWI~ IN FEET ell)EI:;: ONE-TENTH ll1LE ~;EGMENTS 

1313 68 7:1. :U~9 140 145 96 :t82 B3 :1.68 
106 :1.21:1 HO 92 :1.39 96 c>2 247 1.:1.5 103 

6':1 ... 59 77 9~'5 97 :1.94 :L62 ()l4 :1.:1.7 107 
75 9B :1.52 :::;1 63 90 122 89 :1.0:1. 93 

*12~5 1 :/. ~5 :li3:l 130 103 :L19 :L21 :t5El S"'-~I 109 
CT:!. !RUNOO6.00:l. 

:l:L7 6~~ ('~!, 12B 7'7 49 B9 5(, Tl 78 
228 :/.41 266 72 Bt :I.:/. 7 :1.31 :/,67 100 BO 

94 69 75 94 89 8cI 104 127 :1.41 109 
:l32 90 97 105 83 :1.58 91 96 125 78 

67 

HUN 7 I:~AND()M I:;:oun:: 
AVERAGE EI:;:Rm~ IN FEET OVEF.: ONE>-TE:NTH 11:r LE: SEGMENTS 

92 7:l '76 ;).:34 82 :/.:32 ],0:3 136 102 110 
110 1:1.5 ElO 10~'5 84 21.4 7~~ :L99 75 106 
1:l3 74 69 :'5:l 103 1.60 :l.7:l 4:5 108 85 

*1:1.8 85 :t:54 60 73 109 l~H 130 133 17:l 
CT:L:RUN007.0()1 

134 81 :l8!), 65 :l44 114 :t:Q 160 98 :L06 
77 :l35 135 90 16:3 59 B6 :l ~~2 68 83 
7'7 :1.07 :1.6:'5 3:1.2 6~5 98 93 :l:'57 :LO:/. :1.1.9 

175 131:1 72 9:3 B4 :l7l :/.22 U.2 57 48 
:l23 12(1 2~56 :L2:l :l.2~5 56 :1.:54 52 <ft"j 129 
:t05 B~~ 

HUN B I:;:ANDDM F<OlJTE 
(WERAGE Ermm~ IN FEET ClVEI::: ClNE'-TENTH MILE: SI::GMENTS 

:t:l. 7 K~ 98 /,2 97 :l.:l7 :ll:"(~ ... 1, :1.:1.9 92 136 
63 139 59 ')l:3 :lcl4 BB ::5D 226 49 82 
76 !50 104 ')l3 8!5 :1.62 :1.76 78 9:1. 8:L 

){( 71 cI8 :1.74 :57 49 89 :L6:1. :1.:1.7 1~!3 61-
CT1:RUNOO8.()O:l. 

106 126 12:3 (11 1:1.3 8~5 101 :1.61 :1.46 l:j''1 
El5 14'l 142 :l7:L :l.2:l :::i4 :1.2::; :l ::;0 'lEI 1:1.6 
'73 2()5 6~~ 466 '75 "72 7"7 (,4- 84 106 
51 :l:3:3 7'7 '77 94 15E1 77 94 23'7 12<'1 

:t !:'j7 102 89 82 2:1.8 8:1. 109 42 6'7 :l4!5 
77 1~24 
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TABLE 5-18 AVERAGE ERROR OVER ONE-TENTH MILE SEGMENTS OF 
RANDOM ROUTE RUNS 6-10 (CONT'D) 

I~UN r; I:;:ANDOI'l F:OUTE 
AVEF~AGI:: EFmDl~: IN FEET ()VI::I~: ONE--TENTH MILE SEGI1ENn:; 

67 83 85 :1.16> :1. :I. 6> 1 ~58 1.24 :1.01 94 122 
6>5 B3 90 (19 :1.49 B4 73 :1.54 :1.38 :l04 
77 '76> 70 80 :1.07 :1.1:14 :l..1)~5 60 H9 tlb 
55 :l08 :l46> :l08 !:'iO 1. :1.7 :1. 10 :t:I.O :tOO 92 

*:l~,:)8 104 :l'75 :t:l2 :t29 91 :1. ~5:3 90 :L22 69 
CT 1 : RUN009. 00:1. 

:t:l2 :lOB 9B :I.:3t3 77 f.>7 :1.1:10 8!5 :l08 :t07 
:l56 :t:Let :'U6> B6 (1:1. :t35 :t:L9 :t56> BO :1.52 
l:l9 :l:3:1. :1.03 79 :1.09 132 99 97 :l62 10:l 
1:1.0 :1.4~~ 67 :1.63 (16 82 72 94 l:3:l '73 

7:l 

RUN 10 RANDOM ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

1::-1:." 
... J\oJ 76 4(;) :1.:1.0 :1.:1.7 :l2;;! ('16 :1.28 100 120 

:1.00 IN) B(? ;1.22 :l06 43 91:1 124 :L :;~2 "74 
69 1j>4 :I. !:'i:l. 7!5 135 :l.B4 1'77 l17 9:t :1.06 

:l66 CIEl m> :1.43 77 66 99 :1.09 82 87 
*:1.:1. 9 :tell!> (10 :1.:33 :l6>0 10~3 :1.41 :1.1.7 :1.82 :l76 

CT:tZRUNO:l.O.()()1 

95 :1.00 :1.40 84 :1.20 180 57 1:13 14'1 98 
?ERR 6:1. ILLEGAL MEMORY REFERENCE 
IN ROUTINE ".MAIN." LINE 40 

CClI1F'DS I TE BECONDAFrY FWNS 6--:1.0 
AVERAGE EF~RDF~ IN FEET DVER ONE-TENTH MILE SEGMENTS 

('14 76 76 :1.26> :L:l0 1:34 11~) :L33 94 :L3:l 
89 l:l2 Bf.> :1.02 :L28 :lO5 73 :l90 100 94 
79 71 114 79 9~5 :1.7'7 :1.70 7:~ :1. OS 93 
97 8~:i :1.43 84 f.>2 94 :1.25 :t:I.:l 108 :1.01. 

:l24 :1.:1.13 :1.5:1. 11f.> no :1.02 126 B7 127 :1.04 
9'7 :I. :1. 0 124 :1.22 1 :1.2 82 107 102 96 96 

:l34 :1.4~5 :1.93 234 78 1 Of.> 105 144 91 114 
1:1.0 H)5 82 136 94 137 101 :LOB 149 97 
:l ~5:1. UC) :I. :2;:~ :t:I.B :LH 94 107 71 lOS :1. 0 f.> 

130 :to·i} 
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largest segment average was 315 feet and 234 feet respectively for the Primary 
and Secondary Routes respectively. 

Processing with RRTEN began at Checkpoint 1 and ended at 'rA64 on each 
run. The turnaround route around City Hall between TA 58 and TA 58 was not 
processed since this area was not within the designated random route area. 

As noted in subsection 5.1 and 5.2, Run 10 could not be processed past 
Checkpoint 41. Whereas both checkpoints and pseudo checkpoints corresponding 
to the remainder of Run 10 were processed mnnually, no attempt was made to 
process the 2310 individual records manually as a supplement to RRTEN. ID3 
believes that the approximately 87, 000 samples processed by RRTEN and the 
subsequent results were sufficient to warrant this decision. 

5.4 RANDOM ROUTE DATA PROCESSING ANOMALIES 

During the recording of random route data, a few manual entry errors 
were made. These errors were flagged through entry of the EE event and, in 
four cases, subsequently corrected via card input to the CPMAIN', RRSL and 
RRTEN programs. These errors are identified in Table 5-20. 

As noted in Table 5-20, Run 10 could not be processed past CP 41. A 
listing of the data recorded during Run 10 is shown in Figure 5-13. The data 
recorded during the five records follOwing Time 53:04 are erroneous. Note 
that the signpost codes are non-existent, the odometer has jumped over 2100 
counts, the fifth wheel column contains data, and time is erratic. Since time 
is recorded via the CP,U and is independent of the location subsystem and ICU, 
this indicates that this is a data recording problem and not a system problem. 
A more detailed dis cussion of this problem is contained in Subsection 8.3 in 
association with fixed route data. 
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TABLE 5-20 RANDOM ROUTE DATA PROCESSrnG ANOMALIES 

RUN NO. PROBLEM SOLUTION 
. 

1 TA 63 entered two times Deleted second entry of TA63 
following CP56 after CP56 via card input to 

RRSL and RRTEN 

1 CP30 entered in error early EE30 followed by correct 
entry of CP30 

3 TA34 entered in error follow- EE34 followed by TA44 
ing CP17, should have been 
TA44 

3 Missed entry of CP18 Missed checkpoint 

4 TA5S entered in error at EE58 followed by TA64 
beginning of tape 

5 TA64 entered too early at EE64 followed by correct 
beginning of tape entry of TA64 

7 TA64 entered twice No effect 

8 TA64 entered twice No effect 

9 CP64 entered in error for Replace CP64 with TA64 
TA64 via card input 

10 CP44 entered in error for Replace CP44 with TA44 
TA44 following CP5 via card input 

10 CP61 entered in error for Replace CP61 with TA61 
TA61 following CP55 via card input 

10 Couldn't process past Computed 21 checkpoint 
checkpoint 41 and 57 pseudo checkpoint 

manually 
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6. FIXED ROUTE TESTS 

6.1 FIXED ROUTE TEST CONFIGURATION 

The fixed route system confi~ration tested in Philadelphia consisted of 
(1) the test IS as proposed in the HI Proposal, and (2) a Data Acquisition 
System (DAS). The IS tested in the fixed route tests was functionally identical 
to that proposed for Phase II, and such factors as deployment technique, signal
to-noise ratios, and signpost design are exactly those proposed for Phase II. 

6.1.1 Test Vehicle 

The test vehicle used during fixed route tests is the same vehicle described 
in paragraph 3.1.1. 

6.1.2 Location Subsystem Eguipment 

In the fixed route configuration, the LS consisted of (1) signposts and (2) 
vehicle equipment functionally identical to that proposed for Phase II. 

6.1.2.1 Signposts. The signposts used during the fixed route tests were 
identical to those described in paragraph 3.1.2.1 and used during the random route 
tests. 

During fixed route tests, signposts were mounted on available utility poles 
or street and traffic light standards in such a manner that t.lte HI3 ver..icle equipment 
was able to receive the coded transmissions from each signpost. Fifteen signposts 
were used, one near each timepoint. Thus, signposts were separated, on the 
average, by 4, 900 feet. 

6.1.2.2 Vehicle Equipment. In the fixed route configuration, HI3 test 
IS vehicle equipment consisted of three items: (1) a 49. 860-MHz antenna and 
coax cable, (2) a HI3 vehicle unit, and (3) ;m odometer. For the Philadelphia tesm, 
a standard, monopole (Antenna Specialist Model Ma03) tuned to 49.860 MHz was 
mounted on the roof of the test vehicle. The vehicle unit and antenna were the same as 
those used during random route tests and described in detail in paragraph 3.1. 2. 2. 

During operation as a fixed route vehicle, the operation of the Phas e II 
vehicle unit is identical to that of a Phase II random route vehicle unit in that 
all received signpost codes are received and processed to determine an 18··bit 
location region code. The only difference is that when a valid signpost Region 1 
code is received onboard a Phase II vehicle operating in the fixed route mode, 
the vehicle unit would check to determine if this were the first occurrence of a 
Region 1 code from that signpost, and, if so, it would {I) automatically generate 
a signal that resets, to zero, an odometer counter, (2) store the 18-BIT location 
region code, and (3) check the two special signpost bits, E7 and N7, to determine 
the type of signpost used in the proposed Phase II system. 

6-1 



North Field East Field 

N7 N6 N5 N4 N3 N2 N1 NO E7 E6 E5 E4 E3 E2 E1 

Random Route 0 X X X X X X X 0 X X X X X X 

Timepoint 1 X X X X X X X 1 X X X X X X 

In this way, the vehicle unit always knows if timepoint performance is to be re
ported. The action then in each case is shown in the following table: 

BIT PATTERN TYPE 

(N7' E7) SIGNPOST PHASE II VEHICLE LOGIC 

0,0 Random Route When Region 1 is first received: 
or Fixed Route Store 18-BIT location region code 

Reset odometer 
When next polled, transmit 18-BIT 
location region code and odometer 
reading 

1,1 Timepoint When Region 1 is first received: 
Store 18-BIT location region code 
When next polled transmit 18-BIT 
location region code and odometer 
reading 

Compute timepoint information and 
store 

When next polled, transmit l8-BIT 
location region code, odometer 
reading and timepoint information 

The Phase II fixed route vehicle unit logic is shown in Figure 6-1. All 
signposts in the Phase I tests were coded with a (0,0) in the (N7' E7) bits; 
therefore, the DAS was used to simulate the (1,1) in the (N7' E7) bits for all 
fixed route runs. This simulation was effected by having the Data Processing 
Routine check all received signpost codes against a table of valid fixed-route 
signposts. 

When fixed route test data were being recorded, the modifier block shown 
in Figure 3-11 was enabled so that R1 dropout (R1D) was recorded upon receipt 
of a not Levell signal after receipt of a Levell signal. In the ideal case, a 
vehicle passing in close proximity to a Signpost would encounter a Level 1 
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~ LZ"IIII'U~ 
RESETPornT~lr.~ ____________________________ ~A~R~ ____________________ ~~.J1 

RECEIVE 
LEVEL I 
FRO~NEW 

SIGNPOST 

RECEIVE 
RI . 
DROPOUT 

ZERO 
ODOMETER 

STORE 
OPOMETERr----------------------
OUTPUT 

TORE 
L.... ....... _____ --I .... LOCATION t----------r-----

STORE 
TIME OF 
RIDROPOUT 

CODE 

YES S TORE TIME 
OF "rAST 
HI DROPOUT 

TLRID = TOD 1-------... 

DO OR DC t--I~ TIME OF 

SG LD~O~A:N:D~D:C~----------~--------------------~-------

FIG. 6-1 BASIC FIXED ROUTE VEHICLE LOGIC 



signal at the RI radius as it approached the signpost and a not Level I signal just 
past the RI radius on the far side of the signpost. In actual practice, the effects 
of local structures create nulls and dips in the signpost field pattern. In a few 
instances, these cause more than one RID. However, the location of the R1 and the 
last RID are extremely stable as can easily be shown from observation of the test 
data. Refer to Table 6-1 for R1 stability. The stability of the RID location is 
evidenced in the results obtained for the time point performance subsequently pre
sented in Section 8. 

The 1..S vehicle unit drew its power directly from the test vehicle 12-volt 
system just as it would in the Phase TI system. The vehicle unit was fuzed to 
prevent damage, and it included a built-in voltage fluctuation in the vehicle power 
system. 

The contents of the leu were sampled by the DAS. Those data constituted 
the "computed" vehicle location at the sample time (checkpoint or pseudo check
point). Under operational conditions, (Phase TI), the contents of the vehicle unit 
location register and odometer would be encoded as part of the vehicle-to-base 
message and transmitted via the communications subsystem to the base station 
under base station computer control. 

6.1.2.3 Odometer. In fixed route tests, an odometer was used tc 
determine vehicle location between signposts. This instrument consisted of 
eight permanent magnets attached to the left front wheel and a magnetic pickup 
coil. The odometer senses revolutions of the front wheel through a magnetic 
pickup as the magnets pass across the pickup coil. The odometer was powered 
from the vehicle 12-volt De power system. Pulses from the calibrated odometer 
were accumulated in the leU and recorded on cassette through the interface shown 
in Figure 3-11. 

6.1.3 DAS EqUipment 

The DAS hardware used during fixed route tests was identical to that used 
in random route tests. Only the functions of event marking, software, and in
vehicle displays were different. Only during the fixed route tests, a switch on the 
leU enabled the modifier block (Figure 3-11) so that it could generate the 0011 
code in the "B" field whenever an R1 dropout occurred. 

6.1.3.1 Fixed Route Event Marking. The event codes described in 
paragraph 3. 1.3.4 and the method of marking events were the same used for 
fixed route testing. During fixed route testing, the following events were "m .. rked" 
to cause a time-coincident record of vehicle and DAS data to be recorded on 
cassette. 
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TABLE 6-1 EXPERIMENTAL DETERMINATION OF R(i) 

Distance From R1 to Next Timepoint : 

12-28-76 12-28-76 12-17-76 12-12-76 12-29-76 12-29-76 Average SID 
SP TP #6 #7 #5 #4 # 10 #11 R(i) Deviation 

0-

7,13 1 198 250 234 264 244 246 239 20.5 

14,6 2 326 324 316 342 364 354 338 17.2 

15,13 3 258 286 288 308 270 276 281 15.7 
1-11-77 if 1 1-11-77 #1 1-11-77 #2 1~11-77 #3 

12,6 4 272 266 258 260 264 14.0 

6,8 5 268 288 282 282 310 290 287 10.6 

6,6 6 212 214 228 258 220 202 222 17.8 

16,13 7 220 256 - - 228 230 23<t 13.5 

12,10 8 214 220 - 224 166 200 205 20.9 

14,8 9 262 256 276 314 244 320 279 28.6 

15,11 10 394 404 390 - 378 398 393 8.7 

19,13 11 3;26 324 304 326 318 322 320 10.6 

16,11 12 274 288 322 302 324 292 300 18.0 

13,13 13 276 292 274 348 264 300 292 27.6 

8,7 14 , 256 214 208 252 260 246 239 20.6 

\ 10,6 15 208 268 210 206 - 260 230 27.6 

Average STD Deviation: 18. 1 feet 



Function Function Ke;y Event ID Return 

Mark Passage of Checkpoint XX CP xx: (I 

Mark Passage of Signpost NN, EE SP NN, EE (I 

Mark Turn Intersection YY TA yy " 
Mark Departure from Timepoint XX TD XX (I 

Signify Door Open at Timepoint XX DO XX " 
Signify Door Close at Timepoint XX DC XX " 
Signify Error in Preceding Event ZZ EE ZZ " 
The door open/close events and the departure times were recorded under the 
direction of the TSC J.I.Ionitor. 

6.1.3.2 Fixed Route Recording Software. The only basic difference 
between fixed and random route DAS recording software was that ass ociated with 
generation of the in-vehicle displays and the number of records recorded on 
cassette No.1. Computer program FROUTE was used to record Fixed Route 
Data. 

6.1.3.3 In-Vehicle Displays. Three display formats were implemented 
for use in the test vehicle. These displays included (1) a "Quick-Look Verifica
tion Displ:iy", (2) a "Fixed Route Location Accuracy Summary Display," and 
(3) a "Timepoint Performance Display." Only the "Quick-Look Verification 
Display" was used during formal test runs. 

a. Fixed Route Quick-Look Verification Display. Typical display 
format corresponding to Fixed Route Run #40 is shown in Figure 6-2. All event 
codes were manually entered via fue CRT keyboard. Note the occurrence of RI 
dropouts (RID). The method in which the RID is used in computing timepoint 
performance has been discussed in paragraph 6.1.2.2. The quick-look display 
allowed the DAS operator to verify operation of the LS and the DAS. The odometer 
reading was not actually reset in the vehicle during the Phase I tests, but during 
off-line processing. If used during Phase n, the odometer would be reset auto
matically. 

b. Fixed Route Location Accuracv Summary Display. The Location 
Accuracy Summary Display was intended to provide a real-time estimate of loca
tion during test calibration. The display actually showed both computed and 
actual locations and the location error at each checkpoint. However, as a result 
of the fact that the PDP cassette operating system did not allow the use of floating 
point arithmetic, implementation of this process was too coarse in terms of com
puted error values to be of value. Therefore, it was not used. 

c. Timepoint Performance Display. This display provided, in real 
time, the timepoint performance error includ:ing full implementation of the time
point performance algorithm described in paragraph 7.2.3. This display was 
extensively used during HI3 test and calibration runs to verify timepoint perlortYlance. 
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EVENT NOJ1:TH EAST ~EG:rON ODOMETER 5TH WHEEL TIME 
TA OOl 00 00 F~:L 0 00004 F 00004 T 00 06 
Hl 002 00 ()O F~:L 0 ooon F oOQn T O() :L6 

000 :1.7 :1.3 r~:I. 0 OO:l.~~O F ()OJ.2!3· T 00 2:3 
000 :L"7 :1. ~5 r~ :I. n Cl OO:I.:3~5 r-.. 00:1.;53 T 00 23 

CF' 001 :1.7 :L:'5 R:L Cl 00139 F 00137 'T O() 24 
TD 001. 17 :1.:'5 r~:I. (J On:1.5 r .. 002:1.:5 T 00 3j. 

000 :1. 7 :1.3 I:~:I. D (1 ()02~j2 F 00249 T 00 :-1"5 
000 17 :1.:3 F~:I. 0 <)0256 F 00254 T 00 :3!5 
000 17 1:5 R:I. D () 00266 F 00263 T 00 36 
000 17 :1.3 R:I. () 0027:l r .. 0026B T 00 ~57 
000 :1.7 17 'J F~;I. l) 0 00275 F 00272 T 00 37 
()OO 17 :/.:3 R1 0 002BO F 00277 T 00 :38 
000 :1.7 1 :'5 FU l) Cl 00322 F 003:1. 9 T 00 42 
()OO 17 :1.3 f~ :1. 0 003~~7 F 00324 T 00 42 

TA 003 :l7 1:3 IU fJ 00472 F 00470 T 0:1. 17 
CF' 002 17 :1.3 R1 () 0076:-1" F 00760 T 02 07 
CF' 003 j.7 1 :-1" F~ 1 (J O:t:l.40 F () :1.136 T ()2 39 

000 j.4 06 R:1. (J 0:1.753 F 0:1.746 T 04 :~2 
000 :1.4 06 1::::1. n (J O:L765 F o :l"7~:'i7 T 04 n 

CF' 004 1.4 06 R:L (J 01.771 F 017t)3 T 04 24 
no 002 14 06 1::::1. (J ():I. 870 F 0;1.862 T 04 35 
DC 002 :1.4 Ot) F~t (J o :l870 F OHJ62 T 04 46 
TD 002 14 ()6 H:I. 0 01901 F 01893 T 04 52 

000 :1.4 06 I:~ :L D (J 01913 F 01905 T 04 !54 
AD4 14 06 f~ 1- () O:l.9l!3 F ():l908 T {\J! L- • 

. FIG. 6-2 TYPICAL QUICK LOOK VERIFICATION DISPLAY 
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However, this display was called only one time during formal fixed route testing, 
and that time was as a demonstration for the '!SC Monitor during Run 11, the first 
fixed route test run. Figure 6-3 contains a sketch of this display. 

6.2 FIXED ROUTE LOCATION SUBSYSTEM DEPLOYMENT 

6.2.1 Signpost Deployment _ 

Fifteen signposts were installed along the test route near the timepoints 
deSignated by '!SC. The test route and the fifteen timepoint locations were selected 
by'!SC. The area was surveyed by HI3 personnel, poles selected, and a pole 
agreement for the selected poles obtained from the City of Philadelphia. These 
15 signposts, in conjooction with the odometer, allowed a determination of location 
to be ~ade at any point along the selected test route. Upon completion of the 
random route tests, the 15 signposts were installed almg the fixed route. All 
15 were installed within less than two hours including driving time by HI3 personnel. 

Figure 6-4 reflects the test route, the signpost locations, and the signpost 
codes. Figure 6-5 contains photographs of all 15 fixed route signposts. 

6.2.2 Fixed Route Mapping 

Even though fixed route location can be determined as a computed location 
in terms of the elapsed odonieter distance along a fixed route, HI3 provided com
puted X, Y locations of the vehicle during data processing. This action necessi
tated the determination of X, Y coordinates for Region 1 reset points and measure
ment of offset coordinates for those checkpoints which were not at the centered 
intersections • 

Determination of Region 1 Reset Points. For each fixed route signpost, 
a reset point (Ri) was determined experimentally. The reset point of a fixed 
route signpost is the average location, including effects of different traffic lanes, 
time of day, etc., at which the Region 1 boundary occurs when the signpost is 
approached along the fixed route. This value would be used in the base station 
computer in Phase II (in the data processing algorithm in Phase I) as a reference 
for the odometer, which would be reset to zero at each Region 1 reset point. 
The reset point and its relationship to the signpost and the odometer have been 
shown in Figure 6-1. 

The reset location for each signpost was determined by repeatedly driving 
the test vehicle past the signpost, each time recording the distance between (1) the 
occurrence of the Region 1 and (2) the point of passage of the tiruepoint (the latter 
a known X, Y location). The Fixed Route Quick Look Verification Display was used 
to accumulate a number of such recordings with the test vehicle traveling in all 
possible lanes and at different speeds. From each set of values, a value of Ri 
was selected for the i th fixed route signpost for use during off-line processing as 
part of the permanent data base. 
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Timepoint 

1 

2 

3 

4 

5 

'i 6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Estimated TOD Actual TOD Error 

0:58.5 0:57.0 1.5 

5:33.0 5:31.0 2.0 

13:23.5 13:27.5 -4.0 

20:00.5 20: 12. 5 . -12.0 

31:15.0 31:42.5 -27.5 

35:37.5 35:45.5 -8.0 

41:29.0 41:28.5 0.5 

48: 51. 0 48:56.5 -5.5 

56:43.5 56:45.5 -2.0 

66:32.0 66:34.5 -2.5 

71:23.5 71:26.0 -2.5 

75:37.0 75:37.5 -0.5 

85:20.5 85:29.0 -4.0 

90:38.0 90:40.0 -2.0 

99:38.5 99:38.5 0.0 

FIG. 6-3 TIME POINT PERFORMANCE DISPIA Y 
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Table 6-1 contains the results of these calibration runs. In each case, at 
least four passes by each signpost were made, and ilie FROUTE Program was 
used to record the odometer values at which the Region 1 was received and upon 
th~ occurrence of the event marking the passage of the timepoint. The X, Y 
location of the Ri point was computed as an offset from the timepoint location, 
which was known in terms of stateplane coordinates. The radius at signpost lIill 

was the average, Ri, presented in Table 6-1 and computed on the basis of the four 
or more passes. The small variance in Ri at each signpost, as well as the small 
average variance (18.1 feet for all 15 siFPosts), is significant in that it represents 
the stability of the Region 1 radius of HI .signposts. Once the offset distance was 
established, ilie stateplane coordinates of ilie Ri points were computed by using ilie 
following pair of equations: 

X' (Ri) = X' (TPi) + X cos 7.30 + Y sin 7.3 0 

Y' (Ri) = Y' (TPi) + Y cos 7.30 + X sin 7.30 

where X and Yare the street offset coordinates of ilie Ri point relative to the 
timepoint; X, (TPi), Y' (TPi) are ilie stateplane coordinates of the ith timepoint 
and 7.30 is the angle between the stateplane coordinate system and the nominally 
North-South and East-West oriented streets in downtown Philadelphia. The loca
tion of each fixed route timepoint and ilie associated Ri are identified in Table 6-2. 

Determination of ATr,. This parameter is used during off-line processing 
(and in the Phase IT base station) to compute the time of departure whenever the 
vehicle door is not opened and closed at'a .transIt timepoint. ATL is defined in 
association with Figure 6-6. During off-line data processing, the time of depar
ture, TOD, is computed as follows: 

Door Opens/Closes TOD Set Equal to --

Yes Time Door Closes (TDC) 

L No TLRID -ATL 

where TLRID is the time of occurrence of the last Rl dropout from the signposts 
(the last time ilie IIBII field is set to 0011 at the signpost code). 

Values of ATL were determined experimentally by repeatedly measuring 
the times of TD and TUUD under typical traffic conditions. Table 6-3 contains 
experimental data taken to determine the values of ATL for USI":) in computing the 
time of departure. These data were obtained by driving the test vehicle past 
each timepoint while using FROUTE. to record all data, inchlding marking the 
passage of the timepoint NN with a TD(NN) event. For each timE;Jpoint, the average 
difference between occurrence of the last Rl dropout (TLRill) and the TD marker 
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FIG. 6-5 FIXED ROUTE SIGNPOSTS 
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TABLE 6-2 FIXED ROUTE TIME POINTS AND ro)RESET POINTS 

GEOMETRY OF 
111 DISTANCE 

STATE PLANE OFFSET CORRECTED 
TlMEPOINT RI RELATION TO COORDINATES OF IN FT. STATE PLANE 

TlMEPOINT 
TO TlMEPOINT 

TlMEPOINT TOTP COOP.DINATES OF n 

It 19th ( 
, 

11 Y= 239 X = 2722388 A X= 30 X" 2722418 
I I 

Spruce Y= 234383 AY= 237 'y", 234620 

". 

~~ 
AX=-335 

, 
X = 2725180 X= 2724845 

iI2 X = -338 , I :R2 y= 233508 Ay= 43 y" 233551 
I Pine 

~ X = 2725921 AX=-36 X = 2725885 
*3 Y =-281 I , 

caUl, ill 
y= 238663 AY= -279 Y= 238384 

,R3 

:J; AX= 33 
, 

X = 2728078 X = 2728111 
f4 - , Vine Y= 264 I y .. 238070 ' P4, Y = 237808.3 AY= 262 8th 

B~kwy 
, I 

X= 2'123857 AX" 285 X= 2724142 
is X = 287 I I 

he~ Y= 237304.9 AY"-36 y= 23':269 
TP5 5 

-41- , 

~p\ - X = 2721134 A X ="11' X'" 2721083 
116 R = 222' A Y=-131' I 

Y = 240231 y= 240100 

J 16th 
, , 

T~,R~ 
X = 2724216 AX :=-232 :X:" 2723ge4 

II'T X= -234 I>Y=30 y= 237622 R7' y= 237591.6 

TR8 X = 2728698 AX=Z6 Xc 2728724 
118 ~ 

Y= 205 
AY "203 y" 236517 Y= 236311.2 

_. -.. -- - -- -

I~ ,Broad 
R = 279' 

I / 
X= 2725101 A X= 168 X= 2725269 

119 . 15WG9 n9 I , 
Juniper 

Y= ~36454.3 AY=-183 Y= 236271 

~ 
, , 

TP.1, RIO 
X = 2721955 AX= 390' X= 2722345 

flO X= +393' AY=-50 
, 

Walnu y= 235324.0 y= 235274 
I 
prd I , 

X= 2717519 AX= 317 X = 2717836 
illl Walnut Pll X= +320' I I 

Y;' 235903 .• Rll y= 235944 AY= -41 

~22nd I 
, 

'l\ X= 2721257 AX= -297 X= 2720960 
t- , 

y'c 236599 "- U2 X= -300 y= 236661.2 AY=38 ~ R12 lI9rket -jTP 

/ 
X = 2724385 13 Broad X',2724675 AX= -290 

.. H13 "'"'-- X= -292 Y= 234527 AY= 37 y= 234564 
1',13 Locust -

R14 8th 
X= 2727418 AX=30 X~2727448 

*14 'l'P14 X = +239' I Y = 233464 Pine Y= 233227 AY= 237 -f--
112th 

I 
X= 2726072 X= 2725844 AX=228 

*15 t--- R1S X = +230 
Y" 234799 A y= -29 y= 234770 

Walnut lTPfS'i---
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FIG. 6-6 HI3 TIME POINT PARAMETERS 
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. 
TillE 

RUN#5 
POINT 
Nm\iBER 

12-12-76 

1 9 

2 5 

3 6 

4 
Run # 1 

1-11-77 

5 5 

6 1 

7 -
8 -
9 11 

10 3 

11 4 

12 0 

13 3 

14 8 

15 5 

J. 

TABLE 6-3 EXPERIMENTAL DETERMINATION OF ~T 
. L 

Run No. and Date 

RUN #6 RUN#7 RUN # 10 RUN #11 
12-28-76 12=28-76 12-29-76 12-29-76 

Time in Seconds 

- 4 9 6 

8 7 8 7 

8 6 8 9 
Run # 5 Run #6 

8 
1-11-77 

3 1-11-77 
5 

5 6 6 8 

0 6 -1 2 

-1 - -3 -3 

1 1 3 3 

10 10 7 8 

7 - 5 4 

3 - 4 8 

1 1 0 1 

1 1 0 1 

1 5 8 4 

3 4 - 6 

.. 

AVERAGE SELECTED 
TillE VALUE 

OF A TL 

7 7 

7 7 
I 

7.4 7 

5.3 5 

6 6 

1.6 2 

-2.3 -2 

2 2 

9.2 9 

4.8 5 

4.8 5 

0.6 1 

1.2 1 

5.2 5 

4.5 5 



was taken as the value of boTL to be used in the data processmg program. These 
values became the timepoint data base, TPDELT. 

6.2.3 Timepoint Location and Marking 

Timepoint locations were selected by TSC. Specific landmarks, i. e., 
signs, street lights, etc. which served as timepoints were selected by HI3 and 
approved by TSC. The landmarks selected as timepoints are identified in 
Table 6-4. 

6.2.4 Location Subsystem Calibration 

Calibration of the LS for the fixed route test involved (1) the establishing 
of the vehicle unit Level 1 threshold, (2) the calibrating of the fifth wheel against 
a measured distance, (3) the calibration of the odometer against a measured 
distance, and (4) the use of the vehicle unit and DAS to determine the values of 
the Region 1 boundaries and ATL for each time point for use in the data base. On 
the day of each formal test run, only the calibration of the vehicle unit Level 1 
threshold and the fifth wheel and odometer had to be verified. Calibration of the 
items was accomplished in the same manner as that primarily described in 
paragraph 3.2.2 for random route tests. The fifth wheel was calibrated in 
exactly the same manner as the odometer. Except ill those instances in which 
snow and ice caused an accumulation of the fifth wheel, the odometer and fifth 
wheel were calibrated to within 1 foot in 1000 feet on the calibration run. 

6.3 FIXED ROUTE DATA ACQUISITION 

Fixed route test data were recorded on cassettes durillg Runs 11 throUg)l 
43. The sequence of events depicted in Figure 3-17 was utilized during data 
acquisition and handling. Header data were recorded on each cassette pair under 
the control of program FROUTE just prior to commencing a test run. A data 
log sheet was filled out for each run and signed by the HI3 Test Director and the 
TSC Monitor. Figure 6-7 contains a typical fixed route data log. Copies of all 
log sheets are contained in the Appendix. At the conclusion of the 33 fixed route 
test runs, all cassettes were duplicated onto magnetic tapes for use at MITRE. 
Since HI3 da.ta processing software was not checked out and running at MITRE, 
all cassettes were retained by the TSC Monitor until February, 1977, when. 
software checkout was completed at MITRE. 

Checkpoint, Door Open, Door Close, Timepoint, and Turn Event were 
manually entered at designated locations during each run. Locations of fixed 
route checkpoints, turns, and timepoin~ are shown in Figure 6-8. The following 
entries were required for a typical run .. 

1. Timepoint (TD's) -------------- 15 

2. Door Open -------------------- 7-8 
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TPNumber 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

.. 13 

14 

15 

----- -----

TABLE 6-4 HI3 TIMEPOINTS 

Identification! Landmarks 

Traffic light on S. W. corner 19th & Spruce 

Traffic Light on N. W. corner of 13th & Pine 

Traffic Light on N. E. corner of 13th & Callowhill 

Street Light on N. E. corner of 8th & Vine 

Last orna.mental Street Light Pole on Cherry at S. E. 
Corner of Cherry and Ben Franklin Parkway 

Street light on Crescent at S. E. corner of Crescent and 
Spring Garden 

, 
Center of 16th & Race 

Street light on S. W. corner of 6th & Arch 

No Parking Sign on north side of JFK Blvd. at N. E. 
corner of Broad & JFK 

SEPTA STOP (sign) at N. W, corner of 20th & Walnut 

Street Light at N. E. corner of 33rd and Walnut 

SEPTA STOP (sign) at S. E. Corner of 22nd and Market 

Street Light at S. W. corner of Broad and Locust 

SEPTA STOP (sign) at N. W. corner of 8th & Pine 

Street Light at S. E. corner of 12th & Walnut 
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------------ - ~--------

TEST DATA LOG 

TEST )Hm NO. 3'1 SHEET NO. L OF _I _ 

TYPE OF TEST~.t-\.IJ. flX(D 'ROlt1.f- DATE: 1- ~ 1-11 

BRIEF NARRA l1VE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICA'ITON:, ______________ . ________ _ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .. J . 

VEHICLE UNIT THRESHOLD LEVElS: r55J~ 2 -',Je"" 3 - i).d~. 
ODOMETER CAL: '11 ~ FPP~5TH WlIEEL CAL 371-.. FPP ,4;-,,,,-' _ •• _. __ 

RI DROPOUT SWITCH: Off/QS) . 'OTHER : . 
• ~ . _ /~& 4IVCl 

TEMPERATURE~ __ PRECIPITATION:A.JO,v<:- ROAD CONDITIONS:S/?d'.{i - "., 

TEST TAPE NO(S). ~1-l ~~q-2.. FILENO. "'" .-.--.--". 

SAMPLE RATE: ,0. '5....., TEST DffiECTOR ~~tI!t:1l. . . .-.-.-'-' -.... -.. 
RUN TIME: I HfL.,..::>O HI~. . ;.=) -r / 
" HAA./cfF.," OJ.,til'.e:fero, ~1Y\A .JlL TSC MONITOR~/(,~~ 

S-~ 11).,..".y ~.!.l;) 

FIG. 6-7 HI3 FIXED ROUTE TEST DATA LOG 
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FIG. 6-8 FIXED ROUTE EVENT :MARKERS 



3. Door Close (DC's) ---------- 7-8 

4. Checkpoints (ep's) --------- 76 

5. Turnpoints (TA's) ---------- 32 

Total --------------------- 139 Events per run. 

Entry of these 139 events involved the use of approximately 521 separate 
keystroking entries during each run for a total of over 1'{ ,000 separate keyboard 
entries during the fixed route test prog'ram. As a result of manual entry errors 
(wrong event or event at wrong time), the Error Event (EE) was used 22 times 
during the 33 runs. In conjunction with these errors, Table 6-5 contains a list 
of the anomalies which occurred during manual data entry. The card input COITec
tions required for data processing are also included. Note that in cases in which 
a TD or a CP were missed, these entries were simply not processed, no attempt 
being made to insert these entries into the data. However, since the TA's are 
necessary for pseudo checkpoint computation of the reference location of the 
vehicle, these were inserted at the approximate location of the associated turn. 

After each test, the fixed route cassette run was dumped in the test vehicle, 
by using program FRUMP. During this process it was found that Runs 19 and 
33 could not be dumped. It was subsequently found by ref.erence to the printer 
output during the FROUTE loading cycle that the Test Director failed to zero the 
Run 33 cassettes prior to beginning the run. Run 20 could not be dumped past 
checkpoint 46, as a result of an auxiliary generator failure at that point. Because 
of these problems and loss of a magnet from the fifth wheel during Run 32, three 
additional fixed route nms were made in order to assure an adequate number of 
timepoint samples. 

Formal fixed route test procedures involved the following procedures. 
After loading the fixed route data recording program FROUTE, the test vehicle 
driver proceeded to traverse the specified route. Coincident with passage of each 
deSignated che6kpoint, turn, and timepoint, a coded event marker. CP(NN), TA(XX) , 
or TD(yy), respectively. and a time coincident data record were recorded on 
cassette. As a checkpoint, turn, or timepoint was approached, the driver informed 
the DAS operator to prepare for event NN. The DAS operator pressed first the 
appropriate event function key and then keystroked the number NN. He then pre
pared to depress the "RE TURN" key. As the test vehicle approached the event, the 
driver called out "standby" and then, as the front bumper of the test vehicle passed 
the deSignated event he called out "MARK." Upon hearing this MARK, the DAS 
operator depressed the RETURN key and thus caused a data record and the event 
number to be recorded on cassette. Door Open (DO) and Door Close (DC) events 
were similarly recorded. The fixed route test procedures are shown in Figure 
a-9. Automatic switch-over from cassette No.1 to cassette No.2 occurred at 
the end of 60 minutes of recording when program FROUTE was used. 
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TABLE 6-5 FIXED ROUTE MANUAL DATA ENTRY ANOMALIES 

RUN NO. ANOMALIE ACTION REQUIRED TO PROCESS DATA 

14 Missed TA16 Card Input of TA16 at proper location 

18 Missed TA24 Card Input of TA24 at proper location 

17 Missed TDll None Required 

18 Missed CP43 None Required 

20 Missed CP37 None Required 

n Missed CP6 None Required 

22 Missed CPll None Required 

26 Missed TD15 N one Required 

27 Missed CP48 None Required 

... 27 Missed rrA10 Card Input of TA10 at proper location 

27 Entered TD10 Card Input of Delete TD10 
in error 

30 Entered DC 13 None Required 
for DCll 

31 Missed TA10 Card Input of TA 10 at proper location 

32 Entered TD13 Card Input of 0013 for first TD13 
for D013 

33 Couldn't enter NO!le Required 
DOlO and nQtoo 
that cassette was 
not turning during 
10-30 second 
period 

34 Missed CP40 and 
54 

34 D02,DC2, and TD2 Deleted with EE events 
entered 1 block 
early 

40 Entered CP40 twiCE Card Input to Delete first occurrence 

37 Entered DC7 in Card Input to Delete first DC7 
Error 
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L.S. INITIALIZATION 

DAS INITIALIZATION 

)0 

LOAD PROGRAM 

LOAD CASSETTE 

STOP VEHICLE AT START POINT 

RESET 5TH WHEEL 

RESET ODOMETER 

.. 
INHIBIT RECORDING 

LOAD HEADER RECORD ON CASSETTE 

START RECORDING 

BEGIN TEST RUN 

:lVIARK EVENTS 

STOP TEST VEHICLE 

.... 
STOP RECORDING 

FIG. 6-9 FlXED ROUTE TEST PROCEDURE ., 
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No adjustments were made in the LS during a test run. However, minor 
adjustments of the fifth wheel were required twice during the fixed route test 
program. A log of all such adjustments was made a part of ilie test results and 
is summarized in Table 6-6. All data recorded were retaIned and processed. No 
data were eliminated as poor or potentially poor. 

Twenty four hours prior to the scheduled commencement of the first 
fixed route test run and 24 hours after receipt of the fixed rouCe checkpoint loca
tions, HI3 informed the TSC Monitor that.the test was "go." Run 11 beg'aD. at 
1310 on 13 January 1977 ~ The final test run, Run 43 ended at 2140 on 17 January 
1977. The average nm time was 1 hour and 23 minutes. Thus, nearly 46 hours 
of formal test runs were completed during a 104 hour period. Snow began falling 
dur'i..ng Run No. 18. All subsequent test runs encountered slick slushy streets, 
snow, sleet, or freezing rain and temperatures as low as 80 F and as high as 38oF. 

The TSC Monitor was in the test vehicle during all fixed route test runs. 

6.4 FIXED ROUTE TEST DATA 

Fixed route test data were recorded every 0.5 seconds during the test 
runs. Except as noted in subsection 6.3, all data were listed by using program 
FRUMP to certify that the data were recorded on the cassettes. As in the case 
of random route data, only"cha.nge1

! data and event data records were dumped or 
listed. Copies of these listings are provided in the Appendix. As an example, 
Table 6-7 contains a listing of typical fixed route test data dump corresponding 
to Run 27. Note the occurrence of TATs, CpTS , TD!sr DO's, DC's, and Signpost 
codes. With regard to the signpost codes, only the Rl and RID codes were signi
ficant. For example, the fact that the R3N code occurs after CP 7 is a result of 
overlap between signposts (14,06) and (10,06). Although all signpost data were 
recorded, the occurrence of overlap regions had no effect on the fixed route tests 
since only the R1 and RID were used during data processing. 

Note that the RID record is follo~ed by an R1 record. 'This combination 
results from the fact that the last valid location code is always stored in the 
vehicle. The RID code is a special code used only for fixed route vehicles and 
is not a location region code per see As soon as the RID code is sampled by the 
co.:nputer, the ICU clears the 0011 code from the "BIf field, and since the resulting 
0000 code corresponds to the Region 1, this location code is automatically recorded 
as the subsequent sample. 

As previously discussed in paragraph 6.1.3.1, more than one RID may 
occur, particularly if the test vehicle should stop rlear a Region 1 boundary. 
However, the timepoint performance algorithm used during Phase I (and proposed 
for use during Phase IT) has been designed to use only the last RID occurring for 
each time point Signpost. 
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TABLE 6-6 ADJUSTMENTS REQUIRED TO DAS DURING FIXED ROUTE TESTS 

Run # Problem Required Action 

20 Auxiliary Generator Repaired automatic choke. 
Stalled after CP#46 Required approximately 5 

minutes to wire choke open 

32 Lost magnet from 5th Replaced magnet witb 
Wheel 36 minutes spare magnet. Required 
into Run due to heavy ID minutes to rep}.ace. 
ice on streets 

26 Connector to 5th Wheel Dried out connector and 
sensor filled with sealed with tape. 

I 
water due to melting 
ice and water thr.own 
up from fifth wlll.:lel 
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Both odometer and fifth wheel values recorded on cassette and shown in 
Table 6-7 are recorded in pulses and must be multiplied by 2 in order to be con
verted to feet. Both units were calibrated to provide one pulse every two feet. 
Note also that whereas the odometer rolls over after CP's 11, 20, 26, and 34, 
the fifth wheel does not roll over until after CP 34. This action occurs since 
only 12 bits (212 = 4096) were used to record odometer data and 14 bits (214 = 16,384) 
were used to record fifth whe'el data. During data processing, all such modulo 
2N features are recognized 'by the data processing routine. The time printed out 
in Table 6-7 is correct to the second although the data recorded on cassette and 
used during data processing are correct to the half-second. 

The DO 085 codes observed in the last two records are the end-of-
file mallis. All data pro'::lessing is terminated upon the occurrence of the last 
TA entry, TA 32, which signifies the end of run. The DO 085 code is written on 
tape automatically as a result of acticro. of the Close Tape function key. 

The odometer was driven from magnets attached to the left front wheel, 
whereas the fifth wheel was mounted on the centerline of the 'test vehicle. As a 
result, they traveled different distances when the vehicle turned. This is evident 
in the data shown in Table 6-7. For example, at time 00: 28, the odometer is 4 
feet ahead of the fifth wheel. At TA3, a left ,turn was made, subsequently, the 
fifth wheel caught up with the odometer. The left turn at TA4 caused the fifth 
wheel to exceed the odometer (see time 06:05). Note that, at the end of the run, 
the odometer indicates a total elapsed distance of 68,660 feet in compariso::l. to 
the 68,522 feet indicated by the fifth wheel, a difference of 138 feet, or 0.2 percent. 
Analysis of the test route indicates that 5 more 90-degree right turns are made 
than left turns. This action would result in the odometer's traveling a greater 
distance than the fifth wheel. Theoretically, an offset of X feet from the center 
line of the vehicle would result in 1T/2 X feet difference for each 90-degree turn. 
By using an offset value of X :::: 4 feet and five turns, 5 x :r /2 x 4 = 31 feet of this 
difference are accounted for. The remaining difference (107 feet or 0.156 parcent) 
is attributed to calibration of the two units over only a 1000-foot range. 

Within human judgment, each test run was started at the same location and 
ended at the same location. Table 6-8 is a summary of the elapsed distances 
indicated by the odometer and fifth wheel during the fixed route runs. The tempera
ture during the run and the street conditions are also appended. 

Table 6-9 contains a typical o:lometer/fifth wheel calibration run over the 
1000-foot Delaware Street range. CP 1 Signified the start of the run. CP2 signi
fied the end of the run. The TA events were used to record data at interim times. 
This run. was made after replacing the magnet which was lost from the fifth wheel 
during Ru.n 32. The indicated odometer distance was 2 x 502 = 1004 feet. The 
indicated fifth wheel distance was 2 x 500 :::: 1000 feet. No attempt was made to 
"improve" the calibratio:!l by changing the DEM calibration numbers as a result 
of these tests since street conditions were uncertain. 
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TABLE 6-8 ODOMETER AND 5TH WHEEL TEST DATA 

--Total Run Ela pped Distance Street 
Run No. Odometer (ftt 5th Wheel 1ft} OooM-Fifth Temperature Conditions 

11 68562 68610 -48 24 Dry 

12 68336 68608 -272 23 Dry 

13 68736 68770 -34 24 Dry 

14* 49800 49816 -16 24 Dry 

15 68478 68596 -118 23 Dry 

17 68408 68598 -190 30 Dry 
I 

18 ! 68490 68596 -106 32 Began 

j 
Snowing 

21 68950 68092 

I 
858 33 Slush 

23 69048 67714 1334 32 Freezing 
24* I Rain 

25* 23234 22912 I 32,2 32 Rain 

26 68776 68510 266 33 Slush 

27 68650 68512 138 34 Slush 
I 28 68596 68512 84 38 Slush 

I I 30 I 68680 68610 70 34 Slush 

31 , 68576 68900 ·-324 34 Slush I I I 
34* I 36684 36364 320 26 Snow I 35 I 68876 68320 556 26 Snow 

I ! 
I 

68456 -446 Snow 36 I 68802 28 
I 
i 

38 I 68894 68356 540 15 Slush 

39 68872 68474 398 8 Ice 
) 

40* 38552 38368 184 8 Ice I 
\ 

41 68760 68536 224 12 Ice 

42 68838 68516 322 12 Ice 

43* 56718 56492 226 12 Ice 
I 

*Data incomplete due to record errors d-:J.ring run. 
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TABLE 6-9 TYPICAL ODOMETER/5th WHEEL CALmRATION DATA 

ItsT 'DA-rA LoG 
lE'sr RUN -# ~ 2 CoI\JT"fV(Jc D 

• L FI':Ur'lP. LDA 
SHafr 40F4 

.ST 14156 

F.:ur~ 001 S:At'lPLE I':ATE 00.5 ..,.'EAP 77 r'lOtHH 01 Dii..,.' 16 HOUR 10 t'l I t'j 25 

FIFTH I • .IHEEL FEET/PULSE 0002 ODOt'lETEP FEET ,,'PUL SE 0002 
CP 001 00 00 1':1 0 00000 F 00000 T 00 03 
TA 002 00 00 R1 0 00057 F 00057 T 00 17 
TA 00::: 00 00 ,,:1 0 0(1101.1 F 00101 T 00 21 
TA 004 00 00 1':1 0 00140 F 00140 T 00 24 
TA 005 00 00 F:1 0 001:::1 F 001:::::0 T 00 2:=: 
TR OOE, 00 00 P1 0 00220 F 00220 1 00 ~:1 
TA 006 00 00 ,,: 1 0 01.125:::: F 0025(" T 00 35 
TR 006 00 00 R1 0 002'~5 F 00295 T 00 :::.:: 
TA OOl 00 00 1': 1 0 00322 F 0ln21 T 00 41 
1 -, 001 00 00 P1 0 OO:::5~: F OO::::,~: T 00 44 
'r r1 001 00 00 F:l. 0 OO~:;34 F 00:::,;::4 T (,0 47 
TA 001 00 00 f<:1 0 0041';' F 0041'? T 00 '5 I) 
TA 001 00 00 ~:1 0 00447 F 00446 T 00 5::: 
TA 001 00 00 :;:: 1 0 00472 F 00471 T 00 Sf, 
TA 001 00 00 P1 0 004';'5 F 004314 T 01 00 
CP 002 00 00 1':1 0 0051.12 F 00500 T 01 03 
DO 085 42 :::5 P2 E 0 01365 F 21::::45 T 0::;: 03 
DO 085 
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7. FIXED ROUTE DATA PROCESSING 

The processing of fixed route data was accomplished in three parts by 
use of three computer programs FRI.S, FRSYS, and FRTEN. The same data were 
input to the three programs. The programs were coded separately in order to 
accommodate the PDP 11/05 processor at rn3 • As shown in Figure 7 -1, FItI.S 
processed timepoint and checkpoint data, whereas FRSYS processed A VM System 
Level Errors (pseudo checkpoints) and FRTEN processed each record to generate 
average errors over 528 foot street segments • 

7.1 SAMPLE SIZE 

The sample size for fixed route data was determined through the use of 
the processes described in Subsection 4.1. Since TSC designated 76 checkpoints, 
30 runs would result in processing of 2280 checkpOints, considerably more than 
the number of samples required. However, since only 15 timepoints could be 
accommodated per run during a i3-mile run and be representative of the spacing 
between timepoints on actual transit routes, the number of timepoint samples dic
tated the number of runs. As discussed in subsection 4.1, the sample size anal~ 
yses coupled with the cost of requiring additional runs, resulted in TSC requir
ing 30 runs, for a total of 450 timepoint samples. HI3 actually processed exactly 
451 timepoint sa.mples. 

7.2 FIXED ROUTE DATA PROCESSING 

7 . 2. 1 Fixed Route Location. Errors 

Location error data processing of fixed route data involved computing (1) 
the vehicle's actual location (at checkpoints and pseudo checkpoints), (2) the 
vehicle's estimated location (using the location subsystem or AVM system), 
and (3) the radial error between the locations determined in (1) and (2). 

7.2.1.1 Vehicle Actual Location at Checkpoints. The actual location of 
the vehicle was assumed to be the X, Y location of the 'ISO checkpoint at the time 
the appropriate CP event was recorded on tape. The CPTABL file contained the 
X, Y location of each checkpoint as determined by (1) the digitized intersections 
provided by MITRE and (2) the offset distances measured by m3. The actual 
values used in CPTABL were the XI and Y' values of the stateplane coordinates 
shown in the Appendix except that 2,710,000 was subtracted from X' values and 
230,000 was subtracted from Y' values. Table 7-1 contains actual CPTABL 
stateplane entries. 
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INPUT DATA 
RUN NUMBER 
EVENT CORRECTIONS 
STATISTICAL INTERVALS 

OUTPUT DATA 1 
CHECKPOINT ERRORS 
TIME POINT ERRORS 
CP, TP ERROR FREQUENCY DENSITY 
CP, TP CUMULATIVE ERRORS . 
CP, TP AVERAGE ERROR 
CP, TP STANDARD DEVIATION 
CP SORTED ERROR VALUES 
ELAPSED 5TH AND ODOM DJ:sTANCE 
ELAPSED TIME 

INPUT DATA 
RUN NUMBER 
RANDOM NUMBER LIMITS 
EVENT CORRECTIONS 
STATISTICAL INTERVALS 

OUTPUT DATA 
PCP ERRORS 
ERROR FREQUENCY DENSITY 
CUMULA TIVE ERRORS 
AVERAGE ERROR 
STANDARD DEVIATION 

DATA BASES 
SPTABL 
CPTABL 
TPTABL 

SUBROUTINES 
FXRCP 
CPSTAT 
TPSTAT 
LINER 
READHD 
GETDAT 

DATA BASES 
SPTABL 
CPTABL 
STSEG 

SUBROUTINES 
FRSL 
PCPRNT 

LINER 
READHD 
GETDAT 

FIG. 7-1 FlXED ROUTE DATA PROCESSINGSOFTWARE;:;-,------.-I 
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TABLE 7-1 FIXED ROUTE CHECKPOINT STATEPLANE COORDINATES 

Checkpoint State Plane Coordinates Checkpoint State Plane Coordinates 
No. X (feet) Y (feet) No •. X (feet) Y(feet) 

~ 

1 ~722431 234529 44 2724055 235037 
2 2722895 233792 45 2723388 235138 
3 2723632 233698 46 2722862 235200 
4 2724904 233541 47 2721518 235369 
5 2725277 234035 48 2720787 235472 
6 2725334 234441 49 2720462 235513 
7 2725383 234869 50 2719558 235647 
8 2725475 235453 51 2718740 235757 
l:l 2725644 236735 52 2718145 235840 

10 2725730 237421 53 2717537 236481 
11 2725809 237838 54 2717652 236971 
12 2776042 239499 55 2718320 236948 
13 2726532 239618 56 I 2719345 236825 
14 2726941 239578 57 ; 2'{19894 236731 
15 2727368 239554 58 2722136 236444 
16 2727811 239507 59 2722561 236405 
17 2728095 238454 60 2723099 236331 
18 2728109 238343 61 2723452 236271 
19 2727929 236962 62 2723455 235695 
20 2726580 236988 63 2723388 235138 
21 2725087 23716'1 64 2723372 234812 
22 2724282 237260 65 2723787 234668 
23 2723313 237718 66 2724242 234594 
24 2722500 238500 67 2725770 234381 
25 2721590 239350 68 2726152 234347 
26 2722190 240181 69 2727121 234202 

27 2723151 240036 70 2727491 233736 

28 2723130 239554 n 2728691 233072 

29 2723052 239039 72 2729268 233498 

30 2723699 237663 73 2728484 234477 

31 2725323 237495 74 2727621 234597 

32 2725948 237393 75 2726706 234705 

33 2726627 237326 76 2725624 234856 

34 2727500 237204 
35 2728354 237054 
36 2728300 235657 
37 2727779 i 235728 
38 2726908 235840 
39 2726427 235897 
40 2725645 236003 
41 2724638 236127 
42 2724717 235780 
43 2724816 235222 
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7.2.1.2 yehicle Actual Location at Pseudo Checkpoints. In Fixed Route 
Data Processing, pseudo checkpoints were selected in exactly the same manner 
as in Random Route Data Processing, i. e., by sampling the recorded data every 
20 seconds. The technique used to determine the vehicle location at a pseudo 
checkpoint was also exactly the same as that used in the Random Route System 
Level routine RRSL, as previously discussed in paragraph 4.2.3. As in the 
case of RRSL, the vehicle's actual location (i. e., that of the pseudo checkpoint) 
was determ.ined explicitly through use of (1) the last TA or CP, (2) the next TA' 
or CP, and (3) the 5th wheel distance from the last TA or CP to the pseudo 
checkpoint. 

7.2.1.3 Vehicle Computed Location. The estimated location of the ve
hicle was co:m.puted through use of the last reaet signpost code, and the elapsed 
odometer distance from that sigilpost's region 1 boundary (R(i». The simplified 
flow chart in Figure 7-2 shows the process incorporated in FRLS to compute 
location errors. The odometer is first used to compute the vehicle's distance 
along the route from the last reset point to establish on which street segment the 
vehicle is located, and then it is used to compute the X, Y location o:l the basis 
of the distance the vehicle has traveled along the street segment. Table 7-2 
contains the street segment file STSEG. Each point in the STSEG file is identi
fied in Figure 6-8. 

7.2.1.4 Vehicle Computed (AVM System) Location at Pseudo Checkpo~. 
At pseudo checkpoints, the exact same algorithm discussed in paragraph 7.2 •. 1.3 
was used to determine the vehicle's computed location. This approach was used 
regardless of whether or not a communication error has been simulated. Thus, 
as in the case of checkpoints, the vehicle's compated location was determined 
totally on the basis of the elapsed odometer distance from the last encountered 
fixed route signpost. Note that the marking of turns in no way influences the 
computation of vehicle location through the use of the location subsystem. 

7.2.1.5 Off-Route Declaration. During off-line data processing, each 
recorded signpost code is checked against a valid signpost file. If an invalid code 
is observed, it is ignored as part of the screening algorithm. Each recorded 
signpost code is also checked against the fixed route signpost file. If a valid 
signpost code is not a fi..-'{ed route signpost for the route in question, an "off
route ll declaration is made. This function was simulated during runs 38 through 
43 by insta.lling a pair of signposts along the route so that their codes would be 
recorded in the test vehicle. In each instance, the data processing routine de
clared an off-route condition upon the first occurrence of a code from either of 
these·signposts. The locations of these signposts are indicated in Figure 6-4. 
The actual algorithm by which the vehicle's estimated location was determined, 
off-line, is indicatedin the flow chart in Figure 7-·2, 
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P IS NUMBER OF 
STREET SEGMENTS 

VEHICLE IS ON 
I COUNTING FROM 

ENTRY FRONT 

READ NEXT RECORD ON TAPE 

NO 

YES I INCREM (LS) =, ODOM (CP) - ODOM (Ri) 

ENTER STSEG FILE AT Ri 

DETERMINE P SUCH THAT 

Ri-fI> 
LDELTAR (j) ::; INCREM(LS) $. 
Hi 

Hi-fI> + 1 
L DELTAR (j) 
Hi 

COMPUTE LOCA TJON USING LOCATION SUBSYSTEM 

Ri-fI> 

X(LS} X(P) + INCREM(LS) - L DELTAR(j) 

Ri 
[ X(P+l) - X(p]' ] 

DELTAR (Ri+P) 

Ri + P 
Y(LS) = YIP) + INCREM(LS) - L: DELTAR(j) 

U
!·: Ri ~(P + 1) '- YIP} J 

:===================D=E=LT=A~R_(R_i_~_) _______ L __________ ~ 
COMPUfE ERROR 

WHERE: CP IS CHECKPOINT 

INCREM(LS) IS THE ELAPSED ODOMETER READING (IN FEE T\ SINCE LAST RESET 

STSEG FILE IS AS SHOWN IN TABLE 7-2 
.'\LTAR(j) IS THE LENGTH IN FEET OF THE jth STREET SEGMENT 
.·I-tp L: DELTAR(j) IS THE DISTANCE FROM THE LAST RESET TO THE Ri+pth STREET SEGMENT 

Hi 
DELTAR(Ri+P) IS THE STREET SEGMENT ON WHICH THE VEHICLE IS ON 
X(LS) IS COMPUTED X BY LS, Y(LS) IS COMPUTED Y BY LS 
X(CP). Y(CP) IS X. Y FROM CPTABL 

FIG. 7-2 SIMPLIFIED FLOW CHART OF FRLS LOCATION ERROR ALGORITHM 

7-5 



TABLE 7-2 FIXED ROUTE STSEG FILE 

street Segment State Plane Coordinate~_ * Deltar 
Index X(feet) Y(feet) (feet) 

TAl 12305 4700 140 
TA2 12444 4683 68 

R1 12418 4620 745 
TA3 12332 3880 ~ 2534 

R2 14845 3551 361 
TA4 15201 3489 4943 

R3 15885 8384 1298 
TA5 16064 9!l70 2057 
TA6 18115 9510 1581 

R4 18094 7929 1131 
TA7 17910 6813 3795 

R5 14142 7269 433 
TA8 13711 7308 839 
TA9 13145 7928 533 

TAIO 12745 8280 2258 
TAll 11085 9810 291 

R6 11063 10100 279 
TA12 11235 10320 1977 
TA13 13195 10061 1775 
TA14 12922 8307 521 
TA15 12888 7787 1108 

R7 13984 7622 4883 
TA16 1832 7038 532 

R8 18724 6517 913 
TA17 18642 5608 3436 
TA18 15234 6043 231 

R9 15269 6271 I 109 
TA19 15277 6380 602 
TA20 14681 6467 685 
TA21 14595 5787 296 
TA22 14890 5758 811 
TA23 14788 4953 2464 

RlO 12345 5274 4553 
R11 7836 5903 368 

TA24 7469 5924 1127 
TA25 '7660 7035 3329 

R12 10960 6599 2626 
TA26 13564 6256 1563 
TA2'l 13358 4707 1037 

RI3 14385 4564 3200 
TA28 17560 4161 706 

RI4 17448 3464 276 
TA29 17425 3189 1333 

TA30 18752 3064 1383 

TA31 18914 4437 2861 

R15 16072 4770 696 

TA32 15383 4869 00000 

* Add 2710, 000 to X and 230, 000 to Y to get State Plane Coordinate. 
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7.2.2 A VM System Simulation 

DUring the first pass, when fixed route test data were processed through 
the use of program FRSYS, the location error was computed for every 40th 
record (20-second sampling interval). On the second pass, 5 percent of the 
samples (selected in a random manner) were assumed to contain a communcation 
error. In. these cases, the vehicle's actual location (fifth wheel) was not changed; 
however, detection of a communication errQl' (simulated) caused the A VM system 
to poll the vehicle within 2 seconds to obtain a new A VM computed location. As 
in the random route case, this correction technique was implemented by computing 
the vehicle's location on the basis of the fourth record (2 seconds) subsequent to 
the originally selected PCP. The error was then computeci as follows for the 
two cases: 

No Communication Error Detected 

Location Error ==V(X(I.S at PCP) - X(PCpf +(Y(I.S at PCP) - Y{PCPf 

Communication Error Detected at PCP 

Location Error == {X(I.S at PCP + 2 sec)-x(PCPY+(y(LS at PCP+2sec - Y(PCpf 

7. 2. 3 Timepoint Performance Computation 

The computation of timepoint performance was performed by use of the 
FRI.S routine at each event-marked timepoint recorded on cassette during each fixed 
'route test run. Figure 7-2 contains the algorithm used to determine time point 
passage. The TDO, TDC, and TLRID information would be stored in the Phase 
II vehicle until requested by the base station. This information ('.onsists of values 
for TDO and TDC or a value for TLR1D. These values are stored in the vehicle 
until the next tiroepoint is encountered. If a communication error is detected 
during transmission of time point data to the base station, it will be retrieved on 
a subsequent poll; however, the values would not be changed. 

7.2.4 Average Error Over One-Tenth Mile Segments 

Computer program FRTEN was used to.compute the average loca\'ion 
error over 528 foot segments of the fixed route tests. This program treated each 
record as if it were a p3eudo checkpoint thereby computing each location error in 
exactly the same manner as FRSyS .. The average of all such er.rors over each 
528 foot long segment of the 13-m~le route was then determined. 

7.3 FIXED ROUTE DATA PROCESSING SOFTWARE 

Flow chart.s of fixed route data processing software routines FRSYS, :.:.nd 
FRTEN are contained in the Appendix. 
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TOD= TDC 

READ NEXT 
RECORD FROM 

DATA TAPE 

TLRlD-DELTAT 

ERROR = 

TTD - TOD 

FIG. 7-3 SlMPLIFIED FLOW CHART OF TlMEPOINT PER FOMANC E ALGORITHM 
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8. FIXED ROUTE TEST RESULTS 

The results obtained by processing Fixed Route Runs 11 through 43 
through the use of the data processing routines FRLS, FRSYS, and FRTEN 
are prElSented in this section. Location error data are presented separately 
from timepoint performance error data. The results obtained for both the loca
tion subsystem and the A VM system simulation are summarized in the following 
table: 

SUMMARY OF FIXED ROUTE TEST RESULTS 

--f.ocation Subsystem: 

No. of Samples. • • • • •• 
Average Error. • • ••••• 
95% Error ••••••• 
99. 5% Error ••.•••• • 
% Errors Less Than 300 Feet •• 
% Errors Less Than 450 Feet • • • • • • • 
Maximum Average Error over 1/10th Mile 

SegIllent ~ • ... .. • .. .. .. • .. .. .. .. C .. II • 

2313 
50 feet 

107 feet 
156 feet 
99.91 
99.96 

256 feet 

AVM System (Location Error): With 5% Comm Errors 

No. of Samples • • • . . . . . . . . . . . 
Average Error . . • • • • • • • • • • • • 
95% Error. • . • •• • • • • • • • • ••• 
99.5% Error • • • • • • • • • • • 
% Errors Less Than 300 Feet • 
% Errors Less Than 450 Feet • 

AVM System (Timepoint Performance) 

No. of Samples • • • • • • • • •• 
Average Error • • • • • • • • • • • • • • 
95% Error . " . . . . . • . • . . . I) .. • • 

99. 5% Error . • . .. .. 0 • • • • • • • • • • 

% Errors Less Than 15 Seconds 
% Errors Less Than 60 Seconds 

8.1 LOCATION SUBSYSTEM TEST RESULTS 

'/459 
48 feet 
105 feet 
188 feet 
99.84 
99.97 

451 
3.9 seconds 

11 seconds 
24 seconds 

98.67 
100.00 

The vehicle location results obtained by processing fixed route data tapes 
through the Fixed Route Location Subsystem (FRLS) routine aTe summarized in 
Table 8-1. As a result of certain anomalies j some of which were described in 
Section 6, all 33 data runs could not be processed in total. Table 8-2 contains a 
brief description of the problems encountered in processing each data run. In 
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TABLE 8-1 FIXED ROUTE LOCATION SUBSYSTEM TEST RESULTS 

No. of Average 95% of Errors 99 0 5% of Errors 
Checkpoints Error Less than Less than 

Run No. Processed (feet) (feet) (feet) 

11 76 5lA8 104 128 
12 76 56.79 115 143 
13 76 52.44 107 142 
14 76 49.16 102 119 
15 76 50.28 108 140 
16 16 48.86 100 117 
17 76 50.88 102 119 
18 75 54.13 119 

I 
130 

I 19 Bad Tape --- --- ---
20 45 58.47 125 I 162 ~ 

21 73 41.06 106 
I 

144 ~ I 
~ 

22 76 45.14 107 i 152 ! I 23 76 46.73 135 , 174 I 

24 

I 
75 67.60 145 I 1509 * 

25 76 62.84 244 I 309 
26 76 38.16 91 101 
27. ! 76 48.10 102 126 
28 I 75 45.54 92 113 
29 i 74 43.58 99 I 104 
30 I 76 44.23 89 120 

i 31 76 56.60 105 I 405 

I 
i 

32 , 75 42.73 95 125 ~ , 
33 ; Bad Tape --- --- --- I 

34 
u 

75 46.04 97 : 139 f . 
35 75 40.94 87 ! 131 : 
36 76 50.16 115 j 156 ~ 
37 76 51.72 111 148 

, 
) 

I 38 76 53.81 101 119 • d i I ~ 

I 39 . 76 53.35 103 I 144 ! 

I i ! 1 

40 l 47.44 103 I , 76 ~ 111 , , 
\ 41 76 37.45 79 118 

42 i 76 53.60 I 107 . 306 
! ! , 

43 75 6L 10 127 185 
I , 

1 1 
I Total 2313 49.85 " ! 107 156 
J 

; 
i 

*Computation error: Manual computation yields 12 feet at CPS" ,.. 
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RUN NO. 

14 

18 
19 
20 
21 

24 

28 
29 
31 
32 
33 
34 

35 
39 

40 

41 

42 

43 

TABLE 8-2 FIXED ROUTE DATA PROCESSING ANOMALlES (FRLS) 

PROBLEM 

Couldn't Process Past CP54 

Missed CP 43 
Bad Tape, couldn't dump in vehicle 
Generator Stalled after CP46 
CP66 entered for CP6; CPlll entered 
for CPU; Missed CP36; Entry Error 
at CP47; Missed CP49 
Didn't Process CP54 from Tape: 
Recording Error in Odometer 
Between CP53 alld CP55 
Missed CP9 
Missed CPl; Missed CP28 
CP7 Entered Early 
First TD13 should be D013 
Bad Tape, couldn't dump in vehicle 
Couldn't read past CP37 

Missed CPl 
"Off Route" During CP37-CI;'40 

Couldn't Process Past CP40 due 
to bad records on tape 
"Off Route" During CP37-CP40 

" " " 
,I 
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RESULT 

22 Checkpoints Processed 
manually 
75 Checkpoints 
No Results 
45 Checkpoints 
Replaced CP66 with CP6 
Replaced CP11 with CPU1 
72 Total Checkpoints 
13 Checkpoints Processed 
manually 

75 Checkpoints 
74 Checkpoints 
Produced 4051 Error at CP7 
Card Input Change 
No Results 
37 Checkpoints Processed 
manually 
75 Checkpoints 
4 Checkpoints Processed 
manually 
38 Checkpoints Processed 
manually 
4 Checkpoints Processed 
manually 
4 Checkpoints Processed 
manually 
4 Checkpoints Processed 
manually 



most cases, the information contained in Table 8--2 applies to use of the A VM 
system simulation routine also. Pertinent differenees are described in Sub
section 8.2. A detailed discussion of processing anomalies is conta.ined in 
snbsection 8.3. 

As a result of the problems described in Table 8-2, only 31 of 33 runs 
were successfully processed through use of FRIS. Two runs, Runs 19 and 33, 
could not be processed at all. Runs 19 and 33 were known to have contained 
recording errors which were confirmed in the test vehicle immediately after each 
run. Also, Run 20 was cut short due to failure of the auxiliary generator just 
after checkpoint 46. Run 20 could not be processed through the FRSYS routine. 
Runs 24, 25, 34, 40, and 43 also could not be processed completely due to data 
recording errors. All of these problems were noted on the appropriate test data 
logs or made known to the 'fSC Monitor while at DEC transferring data from 
cassettes to magnetic tape. Details are discussed in subsection 8.3 

Assuming that 30 runs were processed, the number of checkpoints would 
then be 30 x 76 = 2280 checkpOints minusfue 20 (4 during each of 5 runs), which 
were not processed due to an "off-route" declaration on Runs 39 through 43, 
leaves 2260 possible checkpoints. A total of 2171 checkpoints representing 98 
percent of these possible samples were actually processed through the use of 
FRIB. A total of 142 checkpoints were processed manually (as noted in Table 
8-2) for a grand total of 2313 checkpoints. 

Table 8-3 contains typical results obtained as output data from the FRIB 
routine when Run 27 was processed. Figure 8-1 contains a plot of the error 
statistics of all fixed route location subsystem data combined. These results 
document conclUSively the perfonnance obtained through use of the HI3 location 
subsystem as a means of maintaining the location of fixed route transit vehicles. 
Note that the average error of 50 feet is apprOximately the length of a standard 
bus. 

Figures 8-2 through 8-32 contain error histograms and cumulative error 
distributions corresponding to each set of test data which were processed. These 
results, coupled with the results obtained during random route tests, also demon
strate the ability of the HI3 fixe.d route AVM system which is described in Sub
section 10.2 (odometer eliminated) to meet the fixed route transit A VM require
ments of the UMTA Multi-User AVM Program. The HI3 fixed route system was 
installed, calibrated, and data recording software checked out in the test vehicle, 
during only five working days. Output data corresponding to each set of processed 
data are contained in the Appendix. 

Table 8-4 contains typical results obtained by processing test data through 
use of the FRTEN routine. DUring each such run, every recorded data record on 
the test·tape was processed as a pseudo checkpoint for a total of apprOximately 
10,000 points per run using the FRTEN routine. Although similar results for all 
runs would be too voluminous to present in this volume, Table 8-5 contains a 

(Text continued on 8-42) 
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TABLE 8-3 FIXED ROUTE RUN #27 CHECKPOINT ERRORS 

FIXED ROUTE RUN :f: 27 CHECKPOINT ERRORS 

CPt X(CP) Y(CP) SPi SEG. INCREM COMP X COMP Y ERROR 

1 12431 4529 1 3 40. 12413. 4580. 54. 
2 12895 3792 1 4 559. 12886. 3807. 18. 
3 13632 3698 1 4 1305. 13626. 3711. 14. 
4 14904 3541 2 5 26. 14871. 3547. 34. 
5 15277 4035 2 6 449. 15263. 3934. 102. 
6 15334 4441 2 6 905. 153260 4385. 56. 
7 15383 4869 2 6 1321. 15384. 4797. 72. 
8 15475 5453 2 6 1895. 15463. 5366. 88. 
9 15644 6735 2 6 3203. 15644. &661. 74. 

10 15736 7421 2 6 3891. 15739. 7342. 79. 
11 15809 7838 2 6 4335. 15801. 7782. 57. 
12 16042 9499 3 7 1086. 16035. 9460. 40. 
13 16512 9618 3 8 372. 16435. 9641. 80. 
14 16941 9578 3 8 810. 16872. 9607. 75. 
15 17368 9554 3 8 1274. 17334. 9571 • 38. 

. 16 17811 9507 3 8 1718. 17777. 9536. 45. 
17 18095 8454 3 9 1009. 18112. B501. 50. 
18 18109 8343 3 9 1117. 18112. 8393. 50. 
19 17929 6962 4 10 1170. 17926. 6915. 4-' ; . 

'20 16580 6988 4 11 1395. 16525. 6981. 56. 
21 15087 7167 4 11 2899. 15032. 7161. 56. 
22 14282 7260 4 11 3679. 14257. 7255. 25. 
23 13313 7718 5 13 551. 13339. 7715. 26. 
24 12500 8500 5 15 401. 12450. 8552. 72. 
25 11590 9350 5 15 1633. 11544. 9387. 58. 
26 12190 10181 6 18 943. 12170. 10196. 25. 
27 13151 10036 6 18 1895. 13114. 10072. 52. 
28 13130 9554 6 19 440. 13127. 9626. 72. 
29 13052 9039 6 19 974. 13045. 9099. 60. 
30 13699 7663 6 21 930. 13808. 7649. 110. 
31 15123 7.495 7 22 1172. 15148. 7482. 28. 
32 15948 7393 7 22 2012. 15982. 7381. 36. 
33 16627 7326 7 22 2684. 16649. 7301. 33. 
34 17500 7204 7 22 3590. 17548. 7193. 50. 
35 18345 7054 7 22 4488. 18440. 7085. 100. 
36 18300 5657 8 25 297. 18347. 5646. 49. 
37 17779 5728 8 25 865. 17784. 5718. 12. 
38 16908 5840 8 25 1719. 16937. 5826. 32. 
39 16427 5897 8 25 2221. 16439. 5889. 14. 
40 15645 6003 8 25 3009. 15658. 5989. 19. 
41 14638 6127 9 29 427. 14627. 6043. 85. 
42 14717 5780 9 30 248. 14842. 576::; • 126. 

'1 

43 14816 5222 9 31 632. 14811. 5131. 91. 
44 14055 5037 9 32 771. 14024. 5053. 35. 
45 13388 5138 9 32 1443~ 13357. 5141. 31. 
46 12862 5200 9 32 2013. 12792. 5215. 71. 
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TABLE 8-3 FIXED ROUTE RUN #27 CHECKPOINT ERRORS (CONT'D) 

CPt X(CP) Y(CP) SF't SEG. INCREM COMP X COMP Y ERROR 

47 11518 5369 10 33 810. 11543. 5386. 30. 
48 10787 5472 10 33 1448. 10911. 5474. 124. 
49 10462 '5513 10 33 1888. 10475. 5535. 26. 
50 9558 5647 10 33 2860. 9513. 5669. 50. 
51 8740 5757 10 33 3616. 8764. 5774. 29. 
52 8145 5840 10 33 4250. 8136. 5861. 23. 
53 7537 6481 11 35 538. 7560. 6454. 35. 
54 7652 6971 11 35 1036. 7645. 6945. 27. 
55 8320 6948 11 36 609. 8264. 6955. 57. 
56 9345 6825 11 36 1655. 9301. 6818. 45. 

*57 9894 6731 11 36 2211. 9852. 6745. 45. 
CTl: RUN027. 001 

58 12136 6444 12 37 1184. 12134. 6444. 2. 
59 12561 6405 12 37 1594. 12541. 6391. 25. , 60 13099 6331 12 37 2164~ 13106. 6316. 16. 
61 13452 6271 12 37 2504. 13443. 6272. 9. 
62 13455 5695 12 38 528. 13494. 5733. 55. 
63 13388 5138 12 38 1088. 13421. 5178. 51. 
64 13372 4812 12 38 1378. 13382. 4890. 79. 
65 13787 4668 12 39 367. 13721. 4656. 67. 
66 14242 4594 12 39 815. 14165. 4595. 77. 
67 15770 4381 13 40 1366. 15740. 4392. 32. 
68 16152 4347 13 40 1768. 16139. 4341. 14. 
69 17121 4202 13 40 2712. 1.7076. 4222. 50. 
70 17491 3736 13 41 410. l7495. 3756. 21. 
71 18691 3072 14 43 1294. 18713. 3068. 23. 
72 18782 3565 14 44 521. 18813. 3581. 35. 
73 18484 4477 i4 45 448. 18469. 4489. 19. 
74 17621 4597 14 45 1344. 17579. 4593. 42. 
75 16706 4705 14 45 2228. 16701. 4696. 10. 
76 15624 4856 15 46 420. 15656. 4830. 42. 

,. 

8-6 



TABLE 8-3 FIXED ROUTE RUN #27 CHECKPOINT ERRORS (CONT'D) 

ERROR FREQUENCY DENSITY 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 2.63 
10- 20 .9 11.84 
20- 30 11 14.47 
30- 40 12 15.79 
40- 50 9 11.84 
50- 60 14 18.42 
60- 70 1 1.32 
70- 80 9 11.84 
80- 90 3 3.95 
90- 100 2 2.63 

100- 110 2 2.63 
120- 130 2 2.63 

CUMULATIVE ERRORS 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR 

10 2 
20 11 
30 22 
40 34 
50 43 
60 57 
70 58 
80 67 
90 70 

100 72 
110 74 
120 74· 
130 76 

AVERAGE EF1ROR = 48.10 
STANDARD DEVIATION = 27.26 
ELAPSED TIME = 80: 0 
ELAPSED DISTANCE = 68512. 
ELAPSED DISTANCE = 68650. 
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LT ERROR 

2.63 
14.47 
28.95 
44.74 
56.58 
75.00 
76.32 
88.16 
92.11 
94.74 
97.37 
97.37 

100.00 

(5TH WHEEL) 
(ODOMETER ) 



FIG. 8-1 FIXED ROUTE LOCATION SUBSYSTEM ERRORS, ALL RUNS 
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TABLE 8-4 AVERAGE ERRORS OVER ONE-TENTH MILE SEGMENTS 
OF FIXED ROUTE RUNS 13 AND 18 

rWN 1:3 FIXED F.:DUTE 
AVEI~AGE EF.:r~()I:~ IN FEET ClVEH DNE .. ·TENTH MILE SEGMENTS 

28 25 H:l :1.6 14 :1, ~3 4 :34 ,")1:''' 
~.,J 31 

59 61 60 4:3 44 :1.9 2 :36 6:'5 El7 
76 ~,'i7 2:3 :39 c')O 30 17 47 49 49 
45 4'=' "J 42 2\~ 14 20 17 39 105 85 
80 7:3 :1.1. :5 142 1::-i5 :3:1, 34 49 71 !52 
40 :50 :58 :54 ~54 29 13 24 :1,9 10 

* 2:3 r:") 
\.J~. 

1::'1::" 
,J,J :36 :1,6 ~56 7:1. :1.9 27 3El 

CT1: RUNO:1.3 + 001 

39 I::"" ... J .' 52 130 '78 :1.24 U6 :L:~2 :53 43 
72 ~3t3 :1.7 27 ::m 3:3 :'34 44 29 34 
32 43 c'lB SO El2 133 n.'i 94 9~5 613 
67 ~'.)4 4:5 27 44 87 87 89 !:;O 19 
17 19 1:5 2:1. 41 22 20 36 38 47 
4(;) 44 49 48 29 37 :53 4:1. 

r'::UN :I,f:l FIXED FWUTE 
AVEI:~AGI::~ l:::r~I~Dr~ IN FEET DVEr.:: DNE .... TENTH MILE SEGMENTS 

,;:--) :58 :::;9 !52 42 41 5 :27 4':> 29 ,J I .. 
51 :59 (~)O ~:.)2 47 :':)7 :1.6 34 :1.06 1U 
98 7:1. 4:5 63 87 2El :1.8 :','i4 :'54 47 
33 31 2B 30 :1.4 :1. :1, 27 4:~ 85 72 
66 :57 93 :'5:1. 4l. :;~ 0 2!5 3(1 :'54 37 
48 4t3 54 49 32 28 :1.6 ~32 2~3 :1.5 

* 2:1. 4(1 51 ~5El 20 44 B!3 4t3 t3:3 59 
CT:I. : FWNO:l. 8.001 

56 (S:I. :39 :~!:if.) !S!:,5 :1.05 :t06 142 ;313 46 
63 23 19 .. .,-, 

~50 ;:~:I. :34 47 ;35 3" . ..:../ ~"-

27 33 :'5:3 69 68 70 64 71 72 6:5 
65 !5!5 5~5 ~5() 44 92 :1.04 :1.04 95 31 
30 29 18 2:3 42 24 1:5 19 :1.9 36 
3~5 24 24 24 113 10 29 57 
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" TABLE 8-5 SUMWLARY RESULTS OF ONE-TENTH MILE SEGMENTS, FIXED ROUTE 

-, 

Max Avg. Segment Max Avg. I Segment 
Run No. Error (feet) Number Run No. Error Jfeet) , Number 

11 116 43 27 113 76 
12 121 107 28 169 77 
13 155 145 29 159 43 
14 999** 75 30 135 43 
15 127 74 31 390* 10 
16 140 43 34 159 43 
17 113 20 35 140 43 
18 256 74 36 152 77 
20 154 74 37 133 84 
21 155 44 38 108 20 
22 149 42 39 126 43 
23 169 77 40 109 43 
24 158 77 41 105 53 
25 123 42 42 122 43 
26 156 61 43 137 76 

* 5th wheel error between CP2 and CP4 caused large error during segments 10 and 11. 

** As noted in Table 6-5, and as recorded on the Run 14 log sheet, 'TA16 was erroneously 
not entered during Run 14. As noted in Table 4.3-2 of the Appen~ TA16 was i.iiserted 
via card input during processing with the FRSYS routine. Inadvertently, however. the 
card input was not used when FRTEN was used to process Run 14. This allowed large 
errors to be generated when the vehicle was between TA16 and TA17. The fifth wheel 
value at TA17 was 6; 64 miles. The three one-tenth mile segments which indicate large 
errors on Run 14 are the three segments ending in 6.4, 6. 5, and 6.6 miles respectively. 
The street segment between TA16 and TA17 is 1466 feet in length which includes the 
three effected one-tenth mile segments which exhibited maximum errors of 743, ***, 
(the computer prints' out *** if 999 feet is exceeded), and 752 feet respectively. As a 
result of the obvious card input error, these three large values may be disregarded as 
resulting from a data recording/processing error rather than an A YMerror. 

This e.fror was discovered just prior to submittal, coincident with the unavailability of 
the HI computer' at Fort Worth. 
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summary of these data. The Appendix contains individual results obtained for 
each run. Note that of all data processed, the largest average error on any 
one-tenth mile segment on any run was 256 feet, nearly 200 feet less than the 
AVM specification. 

8.2 AVM SYSTEM TEST RESULTS 

The results obtained by simulating a complete AVM system through impo
sition of a 20-second polling interval and 5 percent communication errors are 
presented in this subsectiO!1. The timepoint performance results are also pre
sented. 

8.2.1 AVM System Vehicle Location 

The results obtained by processing fixed route data through use of the 
FRSYS routine are summarized in Table 8-6. The cases in which no communica
tion errors were present and in which a 5 percent communication error rate was 
simulated are both presented. Data processing problems associated with use of the 
FRSYS program are described in Table 8-7 and in subsection 8.3. 

A total of 7, 139 pseudo checkpoint samples were processed through the 
FRSYS routine. Runs 19 and 33 could not be processed. Run 20 (power-failure 
and Run 32 (magnet.lost from fifth wheel) were not processed. Table 8-7 summarizes 
all such problems associated 'Yith system level processing. A total of 320 pseudo 
checkpoints were processed manually, for a grand total of 7459pseudo checkpoint 
samples. During the recording of fixed route test data it was observed that a 
total of 5 turns (TA events) were erroneously recorded or not recorded at all on 
six runs. In order to run these tapes through FRSYS (and FRTEN), card input 
data had to be utilized so that each and every TA event was available for processing 
each run. In cases in which a TA was not recorded on tape, it was inserted by 
use of one of the following processes: 

1. On Run 14, TA 16 was inserted 478 feet (0:':1 the fifth wheel) after 
CP 35. 

2. On Rlm 16, TA 24 was inserted 54 feet (on the fifth wheel) after 
TD 11. 

3. On Run 21, first occurrence of TA 16 changed to TA 6. 

4. On Run 24, TA 33 was deleted. 

5. On Run 27, first occurrence of TD 10 changed to TA 10. 

Items 1, 2, and 3 were noted on their respective data logs at the time of 
occurrence. Items 4 and 5 were not discovered until a dump of the recorded 
data was examined. All fixerl route data processing anomalies are discussed in 
subsection 8.4. 
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.. 
TABLE 8-6 FIXED ROUTE AVM SYSTEM LOCATION ACCURACY RESULTS 

No. of 
Pseudo 
Checkpointf:j 

Run No. Processed 

11 307 
12 306 
13 283 
14 234 
15 219 
16 200 
17 260 
18 322 
19 * 
20 ** 
21 272 
22 239 
23 252 
24 239 
25 241 
26 238 
27 240 
28 259 
29 261 
30 257 
31 259 
32 *** 
33 * 
34 289 
35 255 
36 229 
37 247 
38 222 

I 39 281 

! 
40 269 
41 329 

I 42 231 
43 225 

Total 7459 

* Bad Tape 
** Power Failure 

*** Lost Magnet 

I 

1 
! 
; 
I 

j 
I , 
I , 

I 

No Communication Errors 
Average 95% 99.5% 
Error Error Error 
(feet) (feet) (feet) 

48.96 104 150 
51.48 106 138 
48.78 111 177 
44.88 98 108 
46.14 125 131 
41.22 97 123 
43.43 94 121 
53.05 108 303 

42.59 128 

I 
165 

45.50 125 140 
47.70 127 169 

146 
, 

177 51.25 I 50.17 133 21{i 
43-.62 105 i 188 
43.20 96 126 
39.30 82 116 
39.97 90 i 123 
43.50 110 82 ! 54.62 129 407 

I ij 

I j 

41.22 l 87 I 199 

I 128 39.05 83 
I 47.85 109 154 I 50.84 I 117 i 151 
1 54.62 91 1 867 

55.81 109 1 ' 383 
46.50 90 267 
37.26 80 116 
45.44 94 150 
58.52 138 243 

48.09 105 18S 

8-43 

5% Communication Errors 
Average 95% 99.5% 
Error Error Error 
(feet) (feet) (feet) 

48.63 104 150 
50.75 106 138 
48.98 111 177 
44.74 98 108 
46.06 125 131 
40.78 97 123 
42.82 94 I 121 
53.61 108 , 303 I 

43.36 128 165 
46.87 125 140 
48.57 127 169 

144 177 51.25 I 50.76 13!) 227 
44.30 107 188 
42.23 101 126 
39.85 103 125 
40.01 90 123 
43.70 

t 110 88 , 

54.37 129 i 406 

1 
': 

40.80 87 199 
38.74 87 

, 
128 

48.20 116 154 
51.07 117 151 
53.75 91 867 

I 55.82 109 383 

I 46.58 90 267 

f 37.37 80 116 
., 44~80 94 150 

i 58.46 138 243 

j 46.79 105 188 
i 

i 
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TABLE 8-7 FIXED ROUTE DATA PROCESSJNG ANOMALIES (FRSYS) 

RUN NO. PROBLEM RESULT 

14 Missed TA 16 Inserted TA 16 at FlFTH=33678 feet'" 

16 Missed TA 24 Inserted TA 24 at TD 11** 

19 Bad Tape, Couldn't NI::l Results 
dump in vehicle 

20 Generator Stalled Not Precessed 

24 TA 33 entered in error Deleted TA 33 

Couldn't read past CP 62 39 PCP's Processed Manually 

31 5th Wheel problem be- 406 foot errors *** 
tween CP3 and CP 4 

32 Lost magnet during nm Didn't process 

33 Bad Tape, Couldn't No Results 
dump in vehicle 

34 Couldn't read past CP 37 122 PCP's Processed Manually 

37 CP 30 entered in error Deleted 2nd CP 30 

38 CP 71 entered in error Deleted 1st CP 71 

40 Couldn't read past CP 36 119 PCP's Processed Manually 

42 CP 40 Entered in error Deleted 1st CP 40 

* The value of FIFTH was estimated by adding the distance., (from the data ba:se) 
from the preceding event marker to Turn 16, to the fifth wheel reading at the 
preceding event marker. 

*.* TD 11 was approximately 54 feet from TA 24 and was a convenient entry point 
for inserting TA 24. 

*** As noted on log sheet, 5th wheel gained over 300 feet between CP3 and CP4. 
The resulting errors were not modified and are included in Phase I results. 
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Table 8-8 contains typical results obtained as output data from the FRSYS 
routine when Run 28 was processed. 

Figure 8-33 contains an error histogram and a cumulative error distri
bution of all AVM system location data which were processed. The impact of 
5 percent communication errors is so small as to be imperceptible in these 
statistics so only one curve is shown, that corresponding to a perfect communica-

~ tion system. Reference to Table 8-6 supports the fact that the HI3 communication 
error detection and correction technique proposed for Phase n works effectively 
to minimize the impact of communication errors on vehicle location accuracy. 
Figures 8-34 to 8-62 contain the plotted error statistics corresponding to each 
individual fixed route test run. Figure 8-63 contains a plot of the 259 pseudo 
checkpoints computed for Run 28. 

}-

Output data correspO!lding to each set of processed test data are cO!ltained 
in the Appendix. 

8.2.2 AVM System Timepoint Performance Results 

Each data nm was also processed to determine the capability of the HI3 
A VM system to accurately determine the time of departure from timepoints. 
During each test run, 15 timepoints were marked, through use of the TD event 
marker, as the front bumper of the test vehicle passed the predetermined time
point location. Including missed or erroneous data entries, these 33 runs 
resulted in a total of 418 timepoint samples which were processed. An additional 
32 were processed manually from the run listings. 

The time of departure error results obtained by processing 451 timepoints 
are summarized as follows: 

In 95 percent of the samples, the error was less than 11 seconds 

In 99.5 percent of the samples, the error was less than 24 seconds 

Percent samples with error less than 15 seconds: 98.67 percent 

Percent samples with error less than 60 seconds: 100 percent 

Average error: 3.9 seconds 

Maximum. error: 42.5 seconds 

Of the 451 tim.€IPOint performance computations, 226 involved the uSe of 
the Door Close event, and the AVM system algorithm involvmg the Rl dropout 
was used to process the remaining 225. Table 8-9 contains a typical set of 
output data' on tbnepoint performance for Run 27. Table 8-10 contains a tabula
tion of the computed errors corresponding to each timepoint and each test run. 

- (Text continued on 8-86) 
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TABLE 8-8 A VM SYSTEM TEST RESULTS, RUN 28 

FWN :f: 28 SYSTEM LOCATION ERFWF~S (NO CD11MUN I CAT I DN EHFWF~S ) 

PCP ODOM TIME FIFTH STSEG SSG5 AVM X AVM Y r,EF X F,EF Y EHFWF~ 

1 396. 0:31.0 394. 3 CP 1 12396 44.35 124:1:3 4414 27 
2 556. 0:51.0 554. 3 CF' 1 12378 4276 12389 4256 .22 
3 994. 1:11.0 998. 4 TA 3 12370 3874 12375 3873 5 
4 1332. 1:31.0 1334. 4 TA 3 12705 3831 12707 3821 10 
5 1664. 1:51.0 1666. 4 CF' 2 13035 3787 13027 3775 14 --:. 
6 1964. 2:11.0 1968. 4 CF' 2 13332 3748 13327 3736 13 
7 2474. 2:31.0 2476. 4 CF' 3 13838 3682 13822 3674 17 
8 2970. 2: 51. 0 2970. 4 CF' 3 14330 3618 14312 3613 18 
9 3120. 3:11.0 3122. 4 CP 3 14479 3598 14463 3595 16 

10 3120. 3:31.0 3122. 4 CF' 3 14479 3598 14463 3595 16 
11 3356. 3:51.0 3356. 4 CF' 3 14713 3568 14695 3566 18 
12 3650. 4:11.0 3652. 5 CP 4 15010 3522 15016 3~21 6 
13 3774. 4:31.0 3776. 5 CF' 4 15132 3500 15138 3499 6 
14 4128. 4:51.0 4134. 6 TA 4 15240 3771 15242 3788 17 
. 15 4272 • 5:11.0 4278. 6 TA 4 15260 3913 15262 3930 17 
16 4272. 5:31.0 4278. 6 TA 4 15260 3913 15262 3930 17 
17 4524. 5:51.0 4532. 6 CF' 5 15295 4163 15305 4237 74 
18 4792. 6:11.0 4802. 6 CP 6 15332 4428 15~536 4458 30 
19 5166. 6:31.0 5178. 6 CF' 6 15384 4799 1~'i378 4832 33 
20 5166. 6:51.0 5178. 6 CF' 6 15384 4799 15378 4832 33 
21 5428. 7:11.0 5438. 6 CF' 7 15420 5058 15419 5102 44 
22 5862. 7:31.0 5872. 6 CP 8 15480 5488 15488 5554 66 
23 6236. 7:51.0 6248. 6 CF' 8 15532 5858 15537 5926 68 
24 6458. 8:11.0 6468. 6 CP 8 15562 6078 15566 6145 67 
~25 6600. 8:31.0 6612. 6 CP 8 15582 6219 1:5585 6287 68 
26 6670. 8:51.0 6680. 6 CF' 8 15592 6288 15593 6355 67 
27 7114. 9:11.0 7124. 6 CP 8 15653 6728 15651 6795 67 
28 7648. 9: 31. 0 7660. 6 CP 8 15727 7257 15722 7326 69 
29 8178. 9:51.0 8190. 6 CP10 15800 7781 15808 7832 51 
30 8538. 10:11.0 8548. 6 CP11 15850 8138 15856 8176 38 
31 8910. 10:31.0 8922. 7 CPll 15904 8526 15908 8547 21 
32 9316. 10:51.0 9328. 7 CPU 15960 8928 15964 8949 21 
33 9596. 11:11.0 9608. 7 CP11 15999 9206 16003 9226 20 
34 9926. 11:31.0 9938. 7 CP1:;'. 16044 9533 16056 9608 75 
35 9934. 11.:51.0 9946. 7 CP:l2 16046 9541 16057 9616 75 
36 9934. 12:11.0 9946. 7 CP12 16046 9541 16057 9616 75 
37 10186. 12:31.0 10194. 8 TA 5 161.85 9660 1.6276 9645 9;2 
38 10248. 12;51.0 10256. 8 TA 5 16247 9655 163~)8 (76313 92 
39 10660. 13:11.0 10668. 8 CF'13 16658 9623 :l6760 9594 106 
40 11088. 13:31.0 11096. 8 CF'14 17085 9590 lI':l72 9564 90 
41 :1.1580. 13:51.0 11588. 8 CP15 17575 95~j2 176~5c) 9525 66 
42 :1.2068. 14:11.0 12076. 8 CF'1.6 18062 9514 18114 9510 52 
43 12656. 14:31.0 12658. 9 TA 6 18113 8975 113104 8940 36 
44 13172. 14:51.0 13176. 9 CP17 :l8112 8459 18104 837B 81 
45 13570. :1.5:11.0 13572. 10 CP18 18094 7965 18061 7980 36 
46 13722. 15:31.0 13724. 10 CP18 18070 7815 18042 7829 31 
47 13722. 15:51.0 13724. 10 CF'18 18070 7815 18042 7829 31 
48 13984. 16:11.0 13988. 10 CP18 18028 7556 18007 7567 23 
49 14286. 16:31.0 14292. 10 CP18 17981 7258 17968 7266 15 
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TABLE 8-8 A VM SYSTEM TEST RESULTS, RUN 28 (CONTtD) 
PCP aDOM TIME FIFTH STSEG SSG5 AVM X AVt'1 Y HEF X REF Y ERHa(~ 
50 14740. 16:51.0 14744. 11 CF'19 17907 68:J.~5 17914 1.)848 3~i 
51 15040. 17:11.0 1!5038. 11 TA 7 17609 6849 17668 6844 :59 
~j2 1,5340. :L7:31.0 15336. 11 TA 7 17311 68fJ5 17372 6883 61 
53 15648. 17:51.0 151.)36. 11 TA 7 17005 6922 17075 6922 70 

' .. 54 15938. 18:11.0 1~i918 • U TA 7 16717 6957 16795 6959 78 
55 16200. 18:31.0 16180. 11 CF'20 16457 6988 16490 6998 34 
56 16570. 18:51.0 16544. 11 CF'20 16090 7033 16129 7042 .40 
57 16990. 19:11.0 16958. 11 CF'20 15673 7083 15718 7091 45 
58 17260. 19:31.0 17228. 11 CF'20 15404 7116 15450 7123 46 
59 17568. 19:51.0 17538. 11 CF'20 15099 7153 15142 7160 43 
60 17572. 20: 11.0 17544. 11 CF'20 15095 71~'i3 15136 7161 41 
61 17874. 20:31.0 17838. 11 CF'21 14795 7189 14842 7195 47 
62 18080. 20:51.0 18042. 11 CP21 14590 7214 14639 7218 49 
63 18080. 21:11.0 18042. 11 CF'21 14590 7214 14639 7218 49 
64 18392. 21:31.0 18342. 11 CF'21 14281 7252 14341 7253 60 
65 18528. 21:51.0 18480. 11 CP22 14145 7268 14154 7270 f,J 

66 18528. 22:11.0 18480. 11 CF'22 14145 7268 14154 7270 9 
67 18654. 22:31.0 18604. 12 CF'22 14058 7276 14030 7281 28 
68 19140. 22:51.0 19074. 13 TA 8 13618 7409 136()9 7412 9 
69 19604. 23: 11. 0 19538. 13 CF'23 13305 7752 13286 7750 19 
70 20126. 23:31.0 20060. 14 TA 9 1:~931 8115 12909 8135 29 . 
71 20214. 23: 51. 0 20150. 14 TA 9 12865 8173 12841 8194 31 
72 20584. 24.:11.0 20520. 15 TA10 12591 8421 12661 8354 9'6 
73 20692. 24:31.0 20630. 15 TA10 12511 8494 12579 84:..!8 94 
74 20856. 24:5100 20792. 15 CP24 12391 8605 12435 8560 62 
75 2.1592. 25: 11.0 21532. 15 CF'24 11850 9104 11894 9065 58 
76 22134. 25: 31. 0 22074. 15 CF'25 11451 9471 11493 '1'437 54 
77 22716. 25:51.0 22654. 16 CP25 11078 9892 11065 9828 6'5 
78 23174. 26: 11.0 23108. 17 TAll 11171 10238 11173 10111 :1.27 
79 23268. 26:31.0 23200. 17 TAll 11229 10312 11199 10199 116 
80 23596. 26:51.0 23526. 18 TA12 11551 10278 11527 10277 22 
8:1. 23748. 27: 11.0 23678. 18 TA12 11701 10258 116[J0 10255 21 
82 24138. 27:31.0 24070. 18 TA12 12088 10207 12068 10:L 98 21 
83 24202. 27:51.0 24134. 18 TA12 12152 10198 12131 10189 22 
84 24326. 28: 11.0 24258. :l8 CP26 12274 10182 1.2286 10166 20 
85 24744. 28:31.0 24676. 18 CF'26 12c)89 10127 12700 10104 25 
86 24760. 28:51.0 24690. 18 CP26 12705 10125 12714 10101 25 
87 25210. 29: 1.1 .0 25.140. 18 CP27 13151 10066 13170 10046 27 
88 25634. 29:31.0 25562. 19 TA13 13136 91.)85 13142 9650 35 
89 25994. 29:51..0 25920. 19 CP28, 13081 9329 13085 9263 66 
90 26216. 30: 11. 0 26144. 19 CP28 13047 9110 13052 9041 69 
91 26380. 30:31.0 26310. 19 CF'29 13021 8948 13027 8901 47 
92 26776. 30:51.0 26'708. 19 CF'29 12960 8557 12957 8509 48 
93 269860' 31: 11 • () 26916. 19 CP29 12928 8349 12921 8~~04 45 
94 27330. 31:31.0 27262. 20 TA14 12902 8006 12900 7971 35 
95 27748. 31:51.0 27684. 21 TAj,5 13083 775'7 13028 7765 55 
96 27902. 32: 11.0 27838. 21 TA15 13236 7734 13180 7742 !"j6 

... 
97 27902. 32:31.0 27838. 21 TA:L5 13236 7734 1318() '7742 56 
98 28164. 32: 51. 0 28102. 21 TA15 13495 7695 13441 7702 54 
99 28548. 33:11.0 28486. 21 CP30 13875 7638 13768 '7654 108 

100 28934. 33:31.0 28870. ?''l 
~"'- CF'30 14200 7595 14149 7609 52 

101 29228. 33:51.0 29166. 22 CP30 :L4492 7560 1444:~ 7575 51 
102 29512. 34 ~ 11.0 29450. 22 CF'30 14774 7526 14725 7541 51 
103 29852. 34:31.0 29786. 22 CP30 15111 7486 15059 7502 54 
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TABLE 8-8 A VM SYSTEM TEST RESULTS, RUN 28 (CONTID) 
PCP ODOM TIME FIFTH STSEG SSG5 AVM X AVM Y REF X F{EF Y ERFmR 

104 30:36B. :3 4 : ::5:1. • () ~30:·5()4 • 22 CP~5:1 :1.~5b24 "7424 :I. ::5 f.) 03 ·74:3~5 2~'~ 
105 30852. 3:5! :1.:1. .0 30"7B6. 22 CP32 16104 "736f.) :1.6061 "7301 4":· 

\ . .' 

106 3:1.;354. ~5:5: 3:1 .• 0 ;3:J.2BB. 22 CP3::.) :LM)0:5 "7;506 1f.)~'j6:1. '/,~'532 49 
10"7 31640. ~~5:51.0 3:1. ::174. ~~2 CP:B U)BB7 7272 16B~:'i6 /'2<}l3 :5"7 
l08 31752. 3c'': U. • () :3:1.c')B6. 22 CP33 U)<19B ·7251:1 iC)<167 72·7B 36 
109 31752. 36:31..0 31686. 22 CP33 :1.6<198 7258 16<16"7 "72"70 36 
1.10 31924. 36:51.0 3:1.B58. 22 CF':33 1.7169 7238 17138 ·72~.)4 :,4 
111 32160. 37:11.() 32094. 22 CI·:'33 17403 7210 17371 7221 33 
1.1.2 32470. 37:31.0 32402. 2:~ CP34 17711 717:3 17663 7174 48 "'\ 

1.13 32936. 37:51.0 32868. 22 CP34 18173 7117 18122 7093 56 
114 :~3484 • 3El D 1. 0 33416. 22 CP35 18717 705:1. 18636 "7044 8:1. 
11.5 33624. ~38:31.0 33::558. 2~3 CF'35 18B26 7013 18778 "7039 54 
He) 33740. 3!3t51.0 33668. 23 TA16 18803 1.,899 18B23 6974 "7"7 
1.:1.7 ::14198. ~~9 : 1 :L. () 311128. 24 Tt-il6 :1.8719 646~' 1!3762 (,)518 65 
UB 343613. 39!31.0 34296. 24 TAlI., 18704 62<;)9 18740 6:352 64 
:1.19 34858. 3<7:51.0 34786. 24 TA16 18<S60 !58j.2 :l.867b ::=i866 ~'j6 

120 :~5202 • 40: 1:L. () 35124. '")1::' 
A ..... J TA:l.7 :lE1504 5625 :1.8511 :5626 7 

:1.2:1. 35426. 40:31.0 3534B. 25 CF'36 18::!B 1 5653 113250 ~5663 :·52 
122 35722. 40:51.0 35642. 25 CP36 17988 56<?:l :1.7959 :5703 :n 
123 35792. 41:11.0 357:1.2. 25 CP36 :l7918 !:"i700 :1.7889 :5712 31 
:1.24 35792. 41:31.0 3571:2. 25 CP36 17918 5700 17889 ~5·7:l2 :31 
125 35842. 41!51.0 35762. 25 CP36 17069 5706 17840 5719 :31 
1.26 35842. 42: 11. 0 ~~5762 • 25 CF'36 17869 570t, :1.7840 5719 3:1. 
:1.27 35986. 42:31.0 35906. 25 CF'37 17726 5724 :1.7757 5"730 31 
:1.28 36236. 42!51.0 36156. =~5 CF'37 17478 ~)756 17!:"i09 5762 31 
129 36352. 43: :1.1. 0 362"74. 25 CF'37 17363 ~3771 1/'392 5777 29 
130 36722. 43:31.0 36642. '")0::-

.:..iJ CP37 16996 5818 17027 5824 :51 
131 36762. 43: 5:1.. 0 3c')682. 25 CP37 :If.)956 5823 1698/' 5829 31 
132 37194. 44: 11. 0 37114. 25 C1='38 16528 5877 16534 5884 9 
133 37224. 44Z31.0 37146. '")0::-

.:...J CP38 16498 5881 16502 ~:iB88 8 
134 37348. 44t51.0 37268. 25 CF'39 . :1.6:3"75 5897 16)389 5902 14 
:1.35 37676. 45 :11. 0 37596. '1 1:'-

II: .. ,J CP39 :1.6050 5<138 16064 5<;>46 16 
:1.36 37676. 45:3:1 .• 0 :57~396 • 2!5 CF'39 16050 5938 16064 5946 16 
137 37676. 45:51.0 37596. 25 CP:W 16050 5938 :i.C)064 5946 16 
:1.38 37716. 46: 11.0 37636. ~~5 CF'39 1i)010 !:"i9··n 1f.,024 5<)l51 16 
139 37764. 46:3:1. to 37684. 1I1C" 

4,.) CP:59 :l5963 5949 :l~3977 595"7 :1.6 
:1.40 3811El. 46!51.0 38038. ...'c:-L.,J CP40 :1.!Sc'):l1. 5994 :1.562:1. 6005 1'+ 
141 38118. 4'7:11.0 38038. 25 CF'40 :1.5611 5994 15621 6005 14 
1.42 38304. 47:31.0 38222. 25 CP40 :l5427 6018 15437 6023 11 
143 38390. 47:51.0 38312. 2~3 CP40 15:342 6029 153413 6031 6 
144 38390. 48:11.0 3831.2. '")0::-

~,J CP40 :l~5342 b029 15348 6031 6 
1.45 38390. 48:31.0 30:312. 25 CP40 15342 60::!9 :I.~334B 6031 6 
146 38522. 48:51.0 3B440. 26 TA18 :1.5237 c')06~5 15~~3~::j 6056 C) , 
:1.47 38712. 49!1l.0 38628. 26 TA18 :1.5266 625:~ 15259 624~";) :1.2 
:1.48 38856. 49:3:1..0 38/,74. 28 T r-.:l9 15274 6380 152:39 6~585 35 
:1.49 3<1000. 49!51..0 38922. 28 TA19 151:31 6401 15092 6406 39 ." 
:1.50 39438. 50: 11. • () 39:558. 28 TrU9 :1.4697 6464 14661 6469 :36 
:1.51 39682. 50:31.0 3960f:l. 29 TA20 :1.4652 6241 14b53 6252 :l1. 
jO::-" . .J.:.. 39736. 50:51.0 39662. 29 T(~2() :l.464~.'j 6188·14647 6199 11 
:1.53 40088. 51:11.0 40016. 2<1 TA2:l. :1.4601 5838 14628 5785 !59 

~ 

154 40512·. 5:l:~H.O 40436. :31 TA22 :1.4880 5682 148B:!. 5694 12 
155 40870. 5U 5:1.. 0 40796. 31 TA22 :1.4835 ~J327 14832 5337 10 
156 41076. 52: 11. 0 41000. 31 CF'43 14B09 5122 14805 5:1.16 7 
157 41196. 52:31.0 41122. 31 CP43 14794 500~5 14792 49<15 B 
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TABLE 8-8 A VM SYSTEM TEST RESULTS, RUN 28 (CONTID) 
PCP ODOM TIME FIFTH STSEG SSG5 AVM X AVM Y REF X REF Y ERFWR 

158 4H'i40. !52 : !:i:I. • 0 41460. 32 TA2:3 :1.4497 499:1. :l4 !:'iO!::; 491:15 :1.0 
:1.59 41~:;72. ~:'i:'5 : :1. :J. • () 41494. 3~~ Tfl23 :l44(;1~3 A99~5 :1."'147::1 4(1139 r; 
l.bO 4:1.7:1.8. 53 ::H. 0 4:L640. 32 T(),23 :l4~32:l 50:1.4 :I.4~::27 ::'i()0~5 10 
l.bl 4:1.946. 53:51.() 4:I.B64. 3:~ CP44 :1.4()94 ~)()4.(1 14029 ~3()4() 6~) 
162 4~~070 • 54:11.() 41990. 32 CP44 1:5972 ~'j(MO 13904 ~;Of.i(;> 6B 
:1.63 42070. ~54:31 .0 41990. 32 CF'44 1:59'72 5060 :l:3904 :5()!ii9 6B 
164 42150. 54:51.0 42070. 32 CF'44 :L3892 ::.'i070 13B25 50n 67 
165 426,66. 55:11.0 42586. 32 CP45 13381 5137 13314 5146 67 

,,,. :1.66 43206. 5~3 t 31.0 43124. 32 CP46 12845 5208 12808 5206 ~~7 
1,67 4:~70B • 55:51.0 43628. 33 CP46 :1.2305 5279 :L2::H>8 526<}l 10 
1,b8 43850. 56: 11 .0 437t'IB. :3:3 CP46 :L2164 5299 12169 5287 13 
169 43860. ~56:3:1 .• 0 437*30. 33 CP46 12:1.54 5300 121~37 5288 12 
170 43916. 56:51.0 4:~B36 • 33 CP46 :1.2099 5308 12:1.01 :'5295 1:3 
171 44044. 5'i'! U.O 4~39c)2 • 33 CP46 :Ll<i72 5325 11976 531:1. 14 
172 44428. :5'7:31.0 44350. 33 CP46 11592 5378 1 :l592 ~5~5~59 19 
173 44454. ~57:51.() 44376. 33 CP4C) 1:l566 5382 11::';66 5362 20 
174 44526. 58: 11. 0 444413. 33 CP47 11495 5392 11480 53'74 23 
175 44894. 58:3:L.0 44814. 33 CP't7 1:l130 5443 1:l U. '7 54:~5 22 
176 45288. ~58:5:l.0 45210. 33 CP48 10'740 :5497 10699 5483 4:5 
1.77 45780. 59: 11 .0 4570.2. 33 CP49 10253 5565 10262 5542 24 
178 46334. 59:31.0 46256. 33 CP49 9704 5642 9714 5623 21 
1.79 46624. 59:51.0 46546. 33 CP50 9417 5682 9456 5660 44 
1.80 46830. 60U1.0 46752. 33 CF'50 9213 5710 92:52 5688 44 
181 46850. 60:31.0 46772. 33 CP:50 9193 57:1.3 9232 5690 45 
182 47366. 60 :51. 0 47290. 33 CP~:il 8682 57B4 8648 5769 37 
1.83 47938. 61:11.0 478c12. 33 CF'52 8:1.16 5863 8133 5841 27 ._-,-
j.84 48462. 61:31.0 48386. 34 CP52 7578 5917 7613 5906 36 
j.85 48864. 6U5LO 48782. 35 TA24 7518 6211 7504 62:1.7 15 
186 49040. 62t U.O 48960. 35 TA24 7548 6385 7526 6394 23 
1.87 49092. 62t31.0 4901.2. 35 TA24 7557 6436 75~52 6446 26 
1.88 49558. 62:51.0 49478. 35 CP53 7636 6896 7643 6934 38 
1.89 49748. 63:11.0 49662. 36 TA25 7708 7028 77'78 70:1.9 70 
190 50168. 63:31.0 50084. 36 TA25 8124 6973 819'7 6964 73 
191 50628. 63:5:1..0 50544. 36 CF'55 8580 6913 8653 6907 73 
192 50722. 64: 11.0 50638. 36 CF'55 8674 6901 8746 6896 72 
193 51:l50. 64:31.0 51066., • 36 CP55 9098 68 Jf4 9171 68'l5 73 
194 51626. 64:5:L .0 51542. 36 CF'56 95'70 6782 9638 6774 68 
195 51906. 65! 11. 0 51822. 36 CP57 9847 67'f5 9911 6728 66 
196 52484. 65:31.0 52404. 36 CP57 10420 6670 10489 6654 70 
197 52990. 65:51.0 52908. 36 CP57 :l0922 6603 10989 6590 68 
198 53226. 66: 11. 0 53146. 37 CP57 1:1.156 6573 :L1.225 6560 70 
199 53268. 66:31.0 53:1,86. 37 CP57 11197 6567 11264 clo55 68 
200 53316. 66: 51. 0 53234. 37 CP57 112'f!:'i 656.1 11312 6549 68 
201 53734. 67:11.0 53650. 37 CP57 :l1660 6506 1:1./'25 64(»6 65 
~W2 54236. 67:31.0 54154. 37 CP58 12:1.:57 644:1. 12179 6439 ~~2 

203 54724. 67:51.0 54640. 37 CF'59 12cl41 6377 12693 6386 52 
204 55202. 68: 11.0 55118. 37 CP60 13U5 63:1.5 13:1.36 6324 22 
205 55618. 68:31.0 55534. 37 CP6:l 13528 626() 1:3568 6~~~55 40 
206 55990. 68:51.0 55902. 38 TA26 :l:3519 5923 :l3493 :7i894 38 
207 561l.0. 69tl1.() 5c)024. 38 TA26 13~:i03 5B()4 13470 5774 4'4 
208 56378. 69:31.0 56290. 38 CF'62 :l346B 5::'j3B 13427 ~5468 81 
209 56618. '69:51.0 565~50 • 38 CF'62 :1.3436 5300 13399 5230 '79 
210 56990. 70 t 11. 0 56900. :38 CPcl3 13387 4931 13374 4864 68 
211 57238. 70:31.0 57154. 39 Tt-127 13378 4704 13461 469~5 133 
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TABLE 8-8 A VM SYSTEM TEST RESULTS, RUN 28 (CONT'D) 
PCP OnOM TIME FIFTH STSEG SSG5 AVM X AVM Y REF X r':EF y ERfWr~ 
212 57488. 70:51.0 57402. 39 TA:~7 13626 4669 13708 4674 82 ~ 

213 57604. 71:11.0 57518. 39 CF'65 13741 4653 1::S830 4660 (39 
214 57980. 71:31.0 57894. 39 CP65 14113 4601 14201 4600 88 
215 58400. 71:51.0 58312. 40 CP66 14609 4535 14620 4541 12 
216 58436. 72: 11.0 5834B. 40 CF't,6 14644 4531 14655 4536 12 
217 59436. 72:31.0 58348. 40 CF'66 14644 4531 14655 4536 12 .. 
219 58766. 7~:51.0 58678. 40 CP66 14972 4489 14982 4490 10 
219 59318. 73: 11.0 59232. 40 CF'66 15520 4419 15531 4414 12 
220 59510. 73:31.0 59424. 40 CF'66 1~j710 4395 15721 4387 13 
221 59724. 73:51.0 59640. 40 CF'67 15922 4368 15931 4366 9 
222 60140. 74:11.0 60056. 40 CF'68 16335 4316 16337 4319 3 
223 60334. 74:31.0 60250. 40 CF'68 16528 4291 16529 4290 1 
224 60724" 74:51.0 60638. 40 CF'68 16915 4242 16913 4233 9 
225 60852. 75:11.0 60766. 40 CF'69 17042 4226 17040 4214 12 
226 60909. 75:31.0 60822. 40 CF'69 17097 4219 17128 4201 35 
227 61318. 75:51.0 61232. 40 CF'69 17504 4168 17537 4163 33 
228 61348. 76:11.0 61262. 40 CF'69 17534 4164 17567 4160 33 
229 61692. 76:31.0 61600. 41 TA28 17509 3847 17506 3833 14 
230 61764. 76:51.0 61674. 41 TA28 17498 3775 17494 3760 15 
231 62166. 77: 11.0 62076. 42 CF'70 17437 3332 17447 3372 41 
232 62470. 77:31.0 62382. 43 TA29 17584 3173 17554 3177 30 
233 62698. 77:51.0 62612. 43 TA29 17811 3152 17783 3155 28 
234 63026. 78: 11.0 62940. 43 TA29 18137 3:1.21 18110 3125 27 .. 
235 63188. 78:31.0 63102. 43 TA29 18299 3106 18271 3110 28 
236 63486. 78: 51. 0 63398. 43 TA29 18595 3078 18566 3083 29 
237 63770. 79: 11.0 63686. 44 TA30 18766 3190 18759 3181 11 
238 63938. 79:31.0 63852. 44 TA30 18786 3356 18768 3347 20 
239 64138. 79!5l.0 64050. 44 TA30 18809 3555 18780 3545 30 
240 64428. 80:11.0 6'.340. 44 CF'72 18843 3843 18820 3816 35 
241 64806. 80:31.0 64716. 44 CF'72 18888 4218 18876 4187 33 
242 65110. 80:51.0 65024. 45 TA31 18830 4446 18844 4443 14 
243 65444. 81:11.0 65358. 45 TA31 18498 4485 18511 4474 17 
244 65636~ 81:31.0 65548. 45 CF'73 18308 4507 18319 4499 13 
245 65940. 81:51.0 65852. 45 CF'73 18006 4543 18018 4541 12 
246 66294. 82: 11. 0 66204. 45 CF'73 17654 4584 17669 4590 16 
247 66514. 82:31.0 66424. 45 CP74 17435 4610 17479 4613 44 
248 66772. 82:51.0 66684. 45 CF'74 17179 4640 17221 4644 42 
249 66772. 83: 11.0 66684. 45 CP74 17179 4640 17221 4644 42 
250 66828. 83! 31. 0 66742. 45 CP74 17123 4646 17164 4650 41 
251 67270. 83 :51. 0 67184. 45 . CF'75 16684 4698 16696 4706 14 
252 67560. 84: 11.0 67474~ 45 CP75 16396 4731 16408 4746 19 
253 67686. 84:31.0 67598. 45 CP75 16271 4746 16286 4763 22 
254 67688. 84:51.0 67602. 45 CF'75 16269 4746 16282 4764 22 
255 67972. 85: 11. 0 67886. 46 CP75 16060 4771 16000 4803 68 
256 68128. 85:31.0 68042. 46 CP75 ,15905 4793 15846 4824 66 
257 68128. 85 :5:1.. 0 68044. 46 CP75 15905 4793 15844 4825 68 
258 68128. 86: 11. 0 68044. 46 CP75 15905 4793 15844 4825 68 
259 68452. 86:31.0 68368. 46 CF'76 15584 4839 15542 4860 46 
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Table 8-8 AVM SYSTEM TEST RESULTS, RUN 28(CONT'D) 

NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ERROR FREQUENCY DENSITY 

ERROR NO. PERCENT OF ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES INTERVAL SAMPLES SAMPLES 

0- 10 20 7.72 0- 10 20 7.72 
10- 20 53 20.46 10- 20 52 20.08 
20- 30 35 13.51 20- 30 34 13.13 
30- 40 43 . 16.60 30- 40 43 16.60 
40- 50 27 10.42 40- 50 26 10.04 
50- 60 18 6.95 50- 60 20 7.72 
60- 70 32 12.36 60- 70 33 12.74 
70- 80 15 5.79 70- 80 14 5.41 
80- 90 7 2.70 80- 90 7 2.70 
90- 100 5 1.93 90- 100 5 1.93 

100- 110 2 0.77 100- 110 2 0.77 
110- 120 1 0.39 110- 120 1 0.39 
120- 130 1 0.39 120- 130 2 0.77 

• CUMULATIVE ERRORS CUMULATIVE ERRORS 

ERROR :1: SAMPLES PERCENT SAMPLES ERROR :t SAMPLES PERCENT SAMPLES 
LT ERROR loT ERROR LT ERROR LT ERROf< 

10 20 7.72 10 20 7.72 
20 73 28.19 20 72 27.80 
30 108 41.70 30 106 40.93 
40 151 58.30 40 149 57.53 
50 178 68.73 50 175 67.57 
60 196 75.68 60 195 75.29 
70 228 88.03 70 228 88.03 
80 243 93.82 80 242 93.44 
90 250 96.53 90 249 96.14 

100 255 98.46 100 254 98.07 
110 257 99.23 110 256 98.84 
120 258 99.61 120 257 99.23 
130 259 100.00 130 259 100.00 

AVERAGE ERROR :::: 39.30 AVERAGE ERROR = 39.85 
STANDARD DEVIATION :::: 25.12 STANDARD DEVIATION = 25.60 

8-51 



ERROR IN FEET 
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. FIG. 8-33 FIXED ROUTE A VM SYSTEM ERRORS, ALL RUNS 
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TABLE 8-9 TIMEPOrnT PERFORMANCE OUTPUT DATA, RUN 27 

:I: 27 TIME POINT PERFORMANCE 
OPEN CLOSE TOD TLR1I1 I1ELTAT 
MIN:SEC MIN$SEC MIN:SEC MIN:SEC SEC 

0: 0.0 0: 0.0 0:37.5 0:46.0 7.0 
4:52.0 0: 0.0 4:57.0 5: 3.0 7.0 
0: 0.0 0: 0.0 11: 5.0 11: 11.5 7.0 

14:50.0 15: 7.5 15:16.5 15:20.0 5.0 
0: 0.0 0: 0.0 23: 2.0 23: 6.0 6.0 

26:40.0 26:43.0 26:29.0 26:31.0 2.0 
0: 0.0 0: 0.0 32:30.5 32:29.5 -2.0 

37:39.5 37:49.5 37:54.5 37:58.0 2.0 
47:55.5 48: 2.5 48: 6.0 48:12.0 9.0 
53:27.0 53:39.0 53:42.5 53:47.0 5.0 
57:12.0 57:16.5 57:20.0 5'7: 23.5 5.0 
60:52.0 61: 5.5 61: 7.5 61: 6.5 1.0 
0: 0.0 0: 0.0 66:56.5 66:58.5 1.0 
0: 0.0 0: 0.0 71:24.0 71:26.5 5.0 
0: 0.0 0: 0.0 80:16.0 90:20.5 5.0 

ERROR FREGUENCY DENSITY 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- ,1 2 13.33 
1- 2 4 26.67 
2- 3 3 20.00 
3- 4 3 20.00 
5- 6 1 6.67 
9- 10 1 6.67 

14- 15 1 6.67 

CUMULATIVE ERRORS 
ERROR NO. OF SAMPLES PERCENT OF SAMPLES 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

LT ERROR LT ERROR 
2 
6 
9 

:l2 
12 
13 
13 
,13. 
13 
14 
14 
14 
14 
14 
15 
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13.33 
40.00 
60.00 
80.00 
80.00 
86,.67 
86.67 
86.67 
86.67 
93.33 
93.33 
93~33 
93.33 
93.33 

100.00 

ERROR 
SEC 

1 .. ' .i::J 

-1.0 
-0.5 
-9.0 
-2.0 
14.0 
1.0 

-5.0 
-3.5 
-3.5 
-3.5 
-2.0 
1.0 

-2.5 
-0.5 



00 
I 

~ 

. TABLE B-10 TIMEPOINT PERFORMANCE ERRORS (SECONDS) 

~ RUN 
TP . 11 12 13 14 15 

1 1,5 1,5 1,5 2,5 -0,5 

2 1,5 2,0 -2,0 -7,0 -4,0 

3 -5,5 -4.0 -0,5 -4.0 -1.0 

4 -10.0 -12.0 -13.5 -B,O -0.5 

5 23.5 -27.5 42,5 -3,0 -2,5 

6 0,0 -B.O -4.5 -0.5 -4.5 

7 0.0 0.5 1.5 -0.5 1.0 

8 1,0 -5.5 1-15.0 -0.5 -5.0 

9 -5.5 -2.0 ~3.0 -2.0 -3.5 

10 -5,0 -2.0 -4.5 -2.5 -3.5 

11 -2~~ -2.5 -2,'0 -4.5 -3.0 

12 1 .0 -0.5 0.0 -2.0 -3.0 

13 -2.0 -4,0 -6.0 ·-2.0 0.0 

14 -3,0 -2.0 -2.0 -1.0 -3.0 

15 _1.0 0.0 0.0 -1.0 -7.5 

RID - Missed R1 Dropout 
P - Auxiliary Power Generator Failure 
TD - Missed Event Marker 

16 17 1B 20 21 22 23 

-6,0 0,0 3,5 1.0 3,0 -9,0 -6,0 

-4,0 -B.O -1,5 1.0 -1,0 0,0 -0,5 

-5.0 _rl'.O -B.O -5.5 -6.0 ..£ ,0 -6.0 

-14.0 -2,5 -2.5 -4.5 -7.0 0.0 0.0 

-2,5 -4.0 -3.5 -2.0 -1.0 -3.0 -1.5 

-1.5 9.5 -14.5 :'4.5 0.5 -1.0 0.0 

1.0 1.0 1.5 -9,0 1.5 2,0 -3.5 

1.0 -6.0 -5.5 -5,0 -10.0 0,0 -8,5 

-3.0 -2.0 -3.0 -3.0 -3.5 -3.0 4.5 

-1.5 -2.0 -1.0 P -4.5 -3.0 -0.5 

-7.5 TD -3.5 P -3.5 -2.0 -4.0 

-2.5 0.0 0.0 P -0.5 -3,0 -0.5 

-10.0 -6.5 -2.0 P -6.0 -7,0 -7.5 

3.0 -4.5 -2.5 P -4.0 -4.0 -2.0 

-1.0 -2.0 -0,5 P -0.5 -I,D -2.5 

. 
24 25 26 

-2,5 -9,5 3.0 

-5,0 -3.0 -5.5 

-·3.5 -6.0 0.0 

--5.0 -6,0 -3,5 

'-4.5 -1.5 -2.0 

12.5 RID 12.0 

1.0 0,0 1.0 

-1.0 -11.0 -5.5 

-4 .• 5 1,0 1.5 

-1.0 -1.0: -2.0 

-4 .• P -3,0 -3.5 

-1.5 -3.0 -0,5 

0.0 0.0 0.0 

-4.0 6,0 -1.6 

-1.0 -1.0 TD 
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00 
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TABLE 8-10 TIMEPOINT PERFORMANCE ERRORS (SECONDS) (CONTID) 

~RUN 
rTP 27 28 29 30 31 32 34 35 36 37 38 39 40 

1 1.5 -5.5 1.5 -8.5 -5.0 -8.0 -9.0 1.5 2.0 4.0 - 4.0 1.0 3.5 

2 -1.0 -1.0 -6.5 -7.0 2.5 -2.5 -4.0 2.0 -4.5 -3.5 -4.5 -4.5 -6.0 

3 -0.5 0.5 -8.0 -8.5 -6.5 -9.0 -7.0 0.5 0.0 -8.0 -5.5 -11.0 -11.0 

4 -9.0 -2.5 -4.0 -5.5 -5.0 -6.0 -1.0 -6.5 -7.0 -0.5 -5.5 -2.5 -8.0 

5 -2.0 -2.0 -2.0 -2.0 -1.5 -2.0 17.0 -1.5 -2.0 -2,0 -2.0 -6.0 -6.5 

6 14.0 1.5 -0.5 13.5 0.0 -0.5 0.0 0.0 0.5 -0.5 19.0 11.0 -0.5 

7 1.0 0.5 1.5 1.0 0.5 2.0 8.5. 2.0 1.0 0.5 0.5 1.5 0.5 

8 -5.0 0.0 0.5 0.0 -10.5 TD· 0.0 -6.5 -4.5 -8.0 -6.0 -5.5 0.5 

9 -3.5 -4.0 -5.5 -3.5 -3.0 0.5- --3.0 -5.5 -2.5 -4.0 -4.0 -4.0 ''- T 

10 -3.5 -4.0 -11.0 0.5 -5.0 -12.0 :"1.0 -9.5 -1.5 ".7.0 ~5.5 -1.0 8.0 

11 -3.5 0.0 -7.5 -5.5 -3.5 -1.0 -6.0 -5.5 -4.5 -0.5 -3.5 -6.0 4.0 

12 -2.0 -5.0 -0.5 -0.5 0.0 -11.0 0.0 -9.5 -3.0 -5.5 . RID RID -:J.O 

13 1.0 0.0 -3.5 1.0 0.0 -5.5- -5.0 -5.0 -4.0 -4.5 -10.0 -9.0 1.0 

14 -2.5 -3.0 -6.5 -1,.0 -4.0 -5.0 -9.0 -2.0 -4.5 -2.0 2.';0 -1.5 -3.0 

15 -0.5 -9.0 -0.5 -1.0 0.5 -1.5' -8.0 -1.5 -1.0 -1:0 -0.5 0.5 -1.0 

T - Time Error on Tape 
RID - RID Not Received 
TD - Missed Event Marker 

41 42 43 

-5.5 2.0 2.0 

-3.5 -4.5 -5.5 

-9.0 -9.0 -0.5 

-1.5 -3.5 -5.5 

-8.0 -1.5 -1.5 

0.0 0.5 -10.5 

1.5 1.5 1.0 

0.5 2.0 -5.5 

-4.5 -4.0 -1.0 

-5.0 -6.0 -6.5 

1.0 -4.0 -4.0 

RID 4.0 RID 

-7.0 -4.5 1.0 

-3.5 -5.0 -4.0 

3.0 -0.5 -1.0 



All ano:!l1alies are explained in Table 8-11. Note that a signpost failure between 
Runs 37 and 38 resulted in no RID data at Timepoint 12 on Runs 38 through 43. 
In the Phase IT system, an absence of RID information would result in no compu
tation of timepoint pel.iormance at that timepoint unless the bus door were first 
opened and then closed at the timepoint. The Phase IT procedure was followed 
to the letter in Phase I in that timepoint performance at Timepoint 12 was only 
computed during Runs 40, 41, and 42 when the door cl03e event was utilized. 
Table 8-12 contains composite timepoint error statistics for all fixed route runs. 

Figure 8-64 contains a histogram and clli'1lulative distribution of the absolute 
time-of-departure errors resulting from processing Runs 11 through 43. 
Figure 8-65 contains an error frequency density of these errors ~ with the sign 
preserved. 

By using the Door Op-an event as an indication of time of anival, the 
following results were obtained: 

Number of Door Open Samples: 
95 percentile value of (TOA-TD): 
99.5 percentile value of (TOA-TD): 
Avera.ge (TOA-TD): 

221 Samples 
37 Seconds 
56 Seconds 
16 Seconds. 

Note that use of the Time of Door Open to indicate TOA has a built in error if 
the stop is a near side stop since the time during which the door is open is included. 

The speed of the test vehicle while passing timepoints was computed for 
each case in which the Door Open/Door Close events were not utilized. Table 
8-13 shows the results obtained. Note that the maximum vehicle speed of 
passage was 23 mph, a. cO-:l.straint imposed by both traffic and legal speed 
limi1s. In order to determine if there was a correlation between vehicle speed 
of passage and time of pa..c:;sage errors, a plot was constructed showing the 
time of passage error versus vehicle velocity. This plot, shown in Figure 8-65, 
indicates that the errors were rather uniformly distributed over the interval 
between. 5 and 18 miles par hour. In p3. rticular, there is no indication that 
high (or low) spaeds tend to produce larger errors. Note that all data shown 
in Figure 8-66 resulted from the use of the Region 1 dropoat, and therefore 
would also apply to the proposed Phase IT system with the odometer eliminated 
as desc:nbed in Subsection 10.2. 

The application of the Door Cl03e event to determme time of passage 
as prese.:nted herein has been in strict accordance with the A VM specification. 
However, it is of inOOres t to note the results obtained if one assumed that the 
vehicle passes the timepoint at the exact time of door closure. This would pro
d1lce zero error in each case in which the Door Clo.:;e event was employed. The 
effect on the overall error statis tics obtained during Phase I woald be as follows: 

(Text continued on 8-93) 

8-86 



TABLE 8-11 TIMEPOillT ANOMALIES 

RUN NO. PROBLEM RESULT 

14 Couldn't process second cassette 4 TP's computed manually 

17 Missed TD 11 14 TP's 

19,33 Couldn't process No Results 

20 Auxiliary power failure at CP 46 9 TP's 

24 Couldn't process all tapes 3 TP's computed manually 

24 First TD 12 entered early Deleted with EE 12 

25 Couldn't process all of tape 9 TP's computed manually 

25 No RID from TP 6 due to 14 TP's 
0.5 second sampling interval 

26 Missed TD 15 14 TP's 

27 First TD 10 should be TA 10 Card input change 

34 Couldn't process all of tape 7 TP's computed manually 

34 DP 15 and DC 15 entered early Deleted with EE 15 

38,39,41, No RID from TP 12 due to Missed TP 12 
43 signpost failure 

40 Time record error at TD 6 Missed TP 6 

40 Couldn't process all of second 6 TP's computed manually 
cassette 

42 TD 15 entered early Deleted with EE 15 

43 Couldn't process all of sec!=md 3 TP's computed manually 
cassette 

-

.. 

... 
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TABLE 8-12 COMPOSITE TIMEPOrnT PERFORMANCE ERROR STA TIS TICS .. 

ERROR FREQUENCY DENSITY CUMUlA TIVE ERRORS I 
Error ". No. Percent 

~ 
No. Samples % Sample 

Interval Samples Samples Error * LT Error LT Error 

0- 1 80 17.74 1 80 17.74 
1- 2 79 17.52 2 159 35.25 
2- 3 58 12.86 3 217 48,12 

\ 

3- 4 49 10.86 4 266 58.98 
4- 5 49 10.86 5 315 69.84 
5- 6 39 8.65 6 354 78.49 
6- 7 27 5.99 7 381 84.48 
7- 8 13 2.88 8 394 87.36 
8- 9 16 3.55 9 410···· 90.91 ", .; 

9-10 14 3.10 10 424 94.01 
10-11 7 1.55 11 431 95.57 
11-12 5 1.11 12 436 96.67 
12-13 4 .89 13 440 97.56 
13-14 2 .44 14 442 98.00 
14-15 3 .67 15 445 98.67 " 
15-16 1 .22 16 446 98.89 
17-18 1 .22 18 447 99.11 
19-20 1 .22 20 448 99.33 
23-24 1 .22 24 449 99.56 
27-28 1 .22 28 450 99.78 
42-43 1 .22 43 451 100.00 

8-88 



.. 

..... 

::: C::=. ·I·=: :J: =.: =. [.=. r=.]· i = .. J. [~-:. r-fl: -: ~~T-;-~: :1. =NCU=MIB=E::IR::" =~c~·::·Sr:~=M:r:· P::"~:J'E:::::~::' I:4::5
I
1::aPi:; .il.: 

00 ....... ::. .. .... 1: . . .... :::;1=;: .;':1:::: 
\;1::1 ...... " " • .. .' ~. 7'-; -'.,' '--+-+--.-1. f-.-.-.+-, •. 
..:I .::: :.:: . :: .... .... !. ':.. .. :;: r:' . . ~. •• • I'" .. " .,., 

~ 80 :::- .. '. J .. .. .. . .. .. :': .::: :::: 
~ .... : : ~;::f"7 ...:.:- ~7~:J;7:' -;'~-!' -.+-.-:1. -.;.+~,.:.. ;"; .. 4. ,.:.. ;....4. :-. ;"; .. 4. 

.... .... I..... . . ,I •.•.. I .. :. , :: .::: t : .. '" •• :.:: :::: ::: :.:: 
~ 6(}r-frc"'-+~r--+-- .. ., .. :::: :.:' :::: 
o ::)ll;~ :~::" : .. J:'. :1!':: ., ..... ::.: ;::: ,;::. 
~ I r: . .' ~. .:'.: '. :... " _+-;...-+-",+~~~~';.;..;'''' ....... . 
!:LI:::; ~ :.::;.. :i',' I',' .::!'::... ... , ......... :::: 
~ 40 :::: ::::r.i; .. :. ! . "l' .. .,:: ...... , .. '" .... .. 
~ ;::; ::::1:\:: ::. "::\:.':' I. '. '.:: : .. ::4+': ,:: ... : .. :: :::: ..... ~ ..... ::> :1 .. -._- -... f-,.. ':-.: • --1--.. .. .7-. +--+~+--+-+--+---+-""i Z ;':: ;::: :':' :::: j' . .. ..... , .... " ....... ':: ::: .. ;:: :::: ..... 

20 
.. ....... . ':. i .. " ... ::.: ..... ":. : .• : :::: ::~: .::: 

0" 
o 

.. ::J~ :;'l .! . i' .!.. .... . .. ;::: :::: :;:: :::: 
. h~'T-- '" :y:- 7~+':- -- :1-': ~r::-7-!" ~I-:-:-!I-:-" -:' .. 1-:-: :-:': : 1-:-' .~:: 1-:-: :~:: 

~. ·::t .. ~;~:.::t~·~; ",'; .;' ,. ~ ..... : .... .r., :::: ::::':::~ 
10 20 30 40 50 

ERROR IN SECONDS 
100 ....... , ....... .. . ....... _", 

·It.· "" .,.~ ••••. , ~~ . , .• ~ •. ,. ,. .••. • .... ,0" "".of ~t'f 

:.: : .. >,: :, :. '.: '.'; :,:.' :,:, :,' '.' V::: :.:, ,.'." '.,-}:, '··t· '~' -.' -:A-.:....·, 7. '-~'" .'-;;-t'.' ::: ,.'-:-'. :.+-:.-:-:. -t:::-:+:-'~"+-:-:-+-: '",: :+:~. :-ci; ~~:-H!: 
1 \., I :.:.,':,' .... : ... :. : .. 1 •••••• •. ~ • ~ +, f f- • • i ..... . . •. • , .. . • .., • . • . •••••. • • • • ! ! . 
• • t ••• j ..... ~ f ~ • t ,., • • . . ... •.• '. • •• .., • • • • • , ~ I 0... '!O''' ...... 

..... t._ 

...... 0 • ......... , 
t.t. 
, • I ~ 

"1' 
..,t· 

..., " ..... ~...... ,-f .. 1. t ~ .. ...... ,'" .,,, t'''f 
::!! :: I': ! :;: !!::.r :.1' 

Jtti' .:tl1.!~~! !.~~: ~:~: ~!~7 .••.. It, -I" :;;; ;::: .. " ':;:; :i~: ;:.r: :fri ~ut. 
o'r.ul1h~li~it~tj~rt~l·~;~l~··~;:_:~:_:_::_:~:_;_;; ..... ·w· __ ~ __ ~~_·_ .. _·w·_·_·· .. ··.·w·_:~·,_·w·_'w·~·_ .. _·Lw.._,·.·w·.-'~:l~ir~TI'~ 
o 10 20 30 40 50 

ERROR IN SECONDS 

FIG. 8- 64 FIXED ROUTE A VM SYSTEM. TIMEPOINT PERFORMANCE 

8-89 



r 40 

00 
r.:I 
H 
Pi 
.~ 

~ 
~ 
p:j 
r.:I . 30 !Xl 

~ 
Z 

.. 20 . . 

10 

.. . 
... .. 

-40 -30 -20 -10 o 10 20 30 40 

ERROR IN SECONDS 

FIG. 8-65 TIME POINT ERROR FREQUENCY DENSITY 

8-90 





00 
I 

c.o 
~ 

RUN 

11 
12 
13 
14 
15 

16 
17 
18 
20 
21 

22 
23 
24 
25 
26 

27 
28 
29 
30 
31 

32 
34 
35 
36 
37 

38 
39 
40 
41 
42 

43 

1 

9.4 
14.2 
6.9 
7.5 

18.2 

19.4 
13.0 
6.9 

11.1 

20.0 

12.5 

16.9 

11.5 

14.7 
14.0 
10.5 

13.3 
12.8 
13.7 

15.8 

16.4 

TABLE 8-13 AVERAGE SPEED OF TRAVEL PAST TIME POINTS 

TIMEPOINT 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 

9.0 15.8 3.4 6.7 5.5 14.7 1-6. 6 
6.7 7.4 7.4 4.1 9.2 

8.3 4.0 8.9 5.5 17.8 7.5 15.2 
17.1 16.2 12.6 8.2 6.7 13.5 

17.1 12.5 17.4 7.9 9.8 6.1 

12.1 17.1 21.6 16.1 18.2 20.2 15.8 16.0 
20.3 7.2 12.8 19.5 2.9 

7.6 18.9 8.1 15.7 16.9 11.5 3.4 
9.6 3.1 

11.1 12.2 12.7 8.0 18.5 13.2 

9.8 8.1 13.9 15.1 13.7 16.2 9.5 15.1 
12.2 11.4 14.3 12.5 5.3 9.4 22.7 B.3 

10.9 16.8 5.6 5.6 17.2 16.7 15.2 
12.6 13.2 15.1 5.2 12.9 15.5 15.2 

16.9 14.4 15.3 9.4 9.0 17.1 18.5 16.5 5.9 

15.4 15.7 7.6 15.9 9.1 20.4 
6.1 18.2 15.4 12.2 10.6 7.6 15.2 10.5 

17.5 15.8 7.6 13.1 15.1 14.5 
13.6 16.8 7.6 16.5 13.6 4.4 14.8 5.4 14.2 

8.6 13.9 17.4 7.9 16.4 14.3 8.3 

9.6 15.4 17.1 14.7 10.2 6.3 9.4 11.9 
7.5 3.8 16.2 16.2 10.0 14.2 15.0 
8.8 14.9 16.6 12.6 10.1 15.6 

9.0 14.6 13.8 7.7 17.5 15.3 
14.3 15.8 13.2 7.7 8.8 9.2 15.1 

11.8 13.5 12.9 10.4 18.4 7.1 15.5 
7.4 10.0 11.3 8.6 6.3 3.4 

15.5 7.9 10.1 7.5 6.4 13.0 
4.4 4.0 7.6 1B.O 8.8 2.8 11.7 

11.3 14.8 12.5 8.4 15.5 16.8 

11.6 7.3 16.1 11.0 8.5 1'i.7 13.4 15.0 

AVERAGE SPEED IN MILES PER HOUR 
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Assuming use of DC event result-"J in zero TOD error, then for 451 
samples: 

95 percent value of TOD error: 3.5 seconds 
99.5 percent value of TOD error: 24 seconds 

The error statistics obtained for the 225 samples in which the Rl dropout 
algorithm was used resulted in the following time-of-departure error statistics: 

95 percent value of TOD error: 5 seconds 
99.5 percent value of TOD error: 8 seconds. 

8.3 FIXED ROUTE DATA PROCESSING ANOMALIES AND CORREOTIONS 

Tables 8-2 and 8-7 summarized the problems encountered in processing 
fixed route data. The details of these problems and the procedures through which 
these data were ultimately processed are addressed in this subsection. Specific 
instances in which erroneous results were obtained by processing contaminated 
data records are also addressed. 

8.3.1 Location Subsystem Data Processing 

Five tapes, Runs 14, 24, 34, 40, and 43, could not be processed to comple
tion as a result of the inability pf the RT-ll operating system to read past erron
eous data records. Figure 8- 67 shows a typical record d"llllP of the data between 
checkpoints CP37 and CP38 0::1 Run 34. The eight data records beginning at time 
56:04 and ending with the record having signpost code (68,01) are not valid data. 
This is evident since (1) the event codes 54 099, 204, 205, etc. are meaningless; 
(2) the signpost codes are non-existent; (3) the odometer and fifth wheel values 
are obviously meaningless; anD, (4) the time does not change. Subsequently, the 
correct signpost code and incremented odometer and fifth wheel values are read 
from the tape. 

The exact source of the bruf data is unknown; however it obviously affects 
each word of the data record and is definitely not related to the location subsys
tem signposts or vehicle unit. The source is probably a transient induced by the 
115 volt auxiliary AC power generator and it affected the transfer of data from the 
coniptite"r to the cassette. This is evident from the data since the correct sign
PO:3t code and odometer and fifth wheel values are maintained in the reu and cor
rectly transferred to the cassette subsequent to the end of the erroneous data. 

Figure 8-68 contains similar records from Runs 24, 40, and 43. In 
each instance, the event code entry is non-existent and time is incremented 
erroneously. In the cases of Runs 24 and 40, the signpost code are also non
existent. "The fact that time is altered indicates that these are indeed data re
cording anomalies since time ticks are recorded on the cassette directly from 
the computer and are completely independent of the A VM system and the reu. 
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FIG. 8-67 

-,. .... l. ";,,,-_ -t ... -' .. .., ... ........ ..,. ..... 
12 10 Rl 0 £! 1857 F 131699 T 55 49 
12 lEl Rl 0 El1861 F 1317132 T 55 513 
12 Ie! Rl 0 £J1864 F 131706 T 55 50 
12 16 Rl 0 ElIS68 F 01709 T 55 51- PCPI167 
1') l. 1.0 Rl ·0 E1l8?2 F eli!'!::: ... ::'5 51 
12 HI PI 0 EJ 1876 F 01718 T 55 52 .. ") 
J,. ~8 Rl. 0 EJ 1 E:f:j != 0172~ T 5S 52 
~ ", 10 R1 0 81685 F 01726 T 55 53 ." 
1~~ 10 Rl 0 E! 1889 F 017Zil T 55 53 .. 
: ~~ l~'J rl 0 EJ1893 F 1?J1f':~5 T 55 54 
!~~ !~ Rl 0 E! 1898 F 0170413 T 55 54 
,') • <. Ie Rl 0 E119B3 F B1744 T 55 55 
1') <. lei Rl 0 El19B7 F B1749 T 55 55 
I" <. 10 Rl 0 E11912 F 61753 T 55 56 
I') <. tel Rl 0 EI1917 F El1758 T 55 56 
1" <. lEl Rl 0 E!1S22 F El1763 T 55 51' 
L: lC I;: 1 0 EJ 1927 F 017'E'8 T 55 57 
! ~~ ttl Rt 0 El1932 F 017?3 T 55 58 
I" <. tel Rl 0 El1937 F 01778 T 55 58 
t " <. 10 Rl 0 EJ1942 F 01783 T 55 59 
1" .<. Ie 1\1 0 01947 F 131788 T 55 59 
I" .<. 10 Rl 0 EJ 1953 F 01793 T 56 eel 
'" 10 Rl 0 EJ 1958 F 131798 T 56 130 H. 

1" ,. 10 Rl 0 EI1963 F El1804 T 56 ElJ. 
I" <. Ie Rl 0 EI1968 F 018139 T 56 01 
I" ,. lEl Rl 0 £11974 F EH814 T 56 02 
I" <. 10 Rl 0 EI1979 F 01819 T 56 02 
I" <. 16 Rl 0 E11984 F 01825 T 56 03 
1" 10 Rl 0 EI1989 F 0183fl T 56 03 .. -.. 24 R2 5 0 f:40c,2 r= 2252£' T ~-:~ l!tol t ( t, 

2fl 81 Rl 0 El0S41 F 2444:) T 5f) Ol.~, 

~!fJ 01 r: 1 0 1;'0541 F 263t9 T ::E; 0";;' BAD 
2(; 01 Rl 0 C8G4! F 28289 : % 84 
20 01 !11 0 NJr:;<11 F 30:"::9 T l:or- ",' RECORDS .. ;t,) ...J ..... 

2~J 01 Rl 0 ~~C'G~·l F 32129 "';'" r- • 
r!'~· I _l:I 

i ;:0 (H r~ 1 0 C!864! F 34048 T ~G [k~ 

6El 01 Rl 0 00641 F 01871 T 56.84 
I" ,. 1f:j Rl 0 El2036 F 01876 T 56 25 
1 -, <. 10 Rl 0 02841 F 81881 T 56 25 

'" ... ~: 1e Rl 0 EJ2045 F 01886 T !:So 26 
1 -, .<. 1f.I Rl 0 El2050 F 01890 T 56 26 
f" .. !C r-: 0 8:~.O5:; 01E;~}5 .... (::t:~ ::;:: 
~~ ~n Rl ,1 ~12B59 r' e 1fJ99 -( ;'X; ," . , 
1" i, 10 1"1 0 ~12fJ6::; t" 01903 'f ~~:: 

, . .,., 
PCPf168 -.w_ 

I::! w Ri 0 02067 r B1907 T !:::E) 28 
1 ~: 10 Ri 0 E12El? 1 F 019! 1 T Co' •• 

uU 2~J 

12 1(' Rl jJ 02£174 F 0!~1i.<" -; :~8 2~:J 
1 ~, If:' R! 0 02877 F 01917' T 56 ;::10) 

!=~ 10 f. ~ 0 fJ2B79 F (:119:!6 "i· ~:b ~1[) 
1 -, 10 Rl 0 EJ2082 r: 61922 T 56 31 .:. \ 

1 ~~ Ie Rl 0 EI2084 F 01924 T 56 31 
I" t. 10 Rl C EJ2086 F 01926 T 56 32 
1 ~, .. 10 Rl 0 EJ2887 F 01927 T 56 32 

PARTIAL LISTI~m SHOWING B.AP RECORDS, RUN 34 



000 16 1:t j~l 0 03930 F 11661 T 67 16 
000 16 1:l j:U () 0393~5 F 1:l666 T 67 :l7 
045 01 12 f~* A 0 02059 F 00466 T 67 1'7 t 045 01 12 f;'" W 0 02059 F 00496 T 68 08 ,,,,-

045 01 12 r~* 1-1 0 02059 F 00526 T 68 08 
045 01 12 H* A 0 02059 F 00556 T 68 08 Run #24 
045 01 12 R:~ W 0 02059 F 00586 T 68 08. 
045 01 12 H3 N 0 02059 F 00616 T 68 g~ 045 01 12 Hi n 0 020~'59 F 00646 T 68 
000 01 12 R1 () ()2059 F :l1707 T 68 08 
000 16 :ll F~ :I. 0 0;3982 F 11"713 T 68 08 
000 16 11 R1 0 03987 F 11718 T 68 08 

ae0 15 16 R2 S o (32892 F El28El0 T 50 22 
I3ElEl 15 16 R2 5 o El2892 F 028BEI T 5E1 22 

EE 120 13 37 Rl o El3B23 F 4378El T SEI 22 f 
1213 13 03 R1 o El21!lS3 F 4762E1 T 5E1 22 
12El 13 £13 Rl o £12053 F 51460 T 5a 22 
120 1.3 63 R1 o 52El53 F 553130 T 513 22 
12a 13 03 Rl o 82853 F 59140 T 5El 22 PCP #151 126 13 03 Rl o El2053 F 6298El T 58 22 
128 13 03 R1 o 821353 F 61285 T 5f.! 2:2 
1213 13 133 R1 o 132£153 F £15125 T 5£1 22 Run #40 .... 120 13 El3 R1 o 82053 F 68965 T 56 22 
120 13 el3 R1 o 82853 F 12805 T 513 22 f 148 13 133 R1 o 1321353 F 828El8 T 58 22 
0et6 15 16 R2 S o 82692 F 02S0e T 53 El2 

000 19 13 R1 0 0;376~; F 1184;3 T 62 40 
000 19 13 R1 0 03771 F 11850 T 62 40 
000 19 13 R1 0 0377"7 F 11856 T 62 41 
000 19 13 Fi:1 0 0378:3 F 11862 T 62 41 
063 19 13 F~ 1 0 03789 F 1:l9~57 T 62 4~~ 
000 19 13 1=\:1 0 03864 F 1:1942 T 62 413 Run #43 
000 19 13 R1 0 03869 F 1194'7 T 62 49 
000 19 :l3 R1 0 0~5874 F 11952 T 62 49 

FIG. 8-68 PARTIAL LISTINGS SHOWING BAD RECORDS, RUNS 24, 40, and 43 
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As a result of being able to read these cassettes with a different operat
ing system, a complete record dump was made of each tape on which processing 
problems were experienced. The required data were then extracted manually 
from those listings (such as those shown in Figure 8-6"i' and 68) and the location 
error data recorded manually. Tables 8-14, -15, -16, -17 and 18 contain loca
tion su.bsystem results which were obtained by manual processing of data from 
Runs 14, 24, 34, 40 and 43. These r:esults have been incorporated in Table 8-1. 

Data processing errors were also experienced on run 25. These were 
traced to bad data records as shown in Figure 8-'()9". However, although the com
puter was able to read this tape, the location errors computed for checkpoints 
26 through, 30 were incorrect, as a result of the erroneous records beginning 
just after W006. Recalling that the H:r3 Phase I system determines fixed route 
location based on elapsed odometer distance from a reset signpost, one notes 
from Figure 8-69 that signpost (6,6) Rl was initially received at time 26:08.00. 
This was the correct reset point. However, due to the erroneous interjection of 
the code (6, 8)Rl for five records beginning at time 26:17:05, the data processing 
routine uses the record at time 26:36:05 (re-occurrence of (6,6)Rl) as the reset 
point for computation of checkpoint 26 through 30. 

Table 8-19 contains the correct values of the errors corresponding to 
CP26-CP30. When correc~d, the location subsystem results for run 25 should 
be as follows: 

Corrected Results for Run 25, FRIS: 76 Samples 

Average Error: 
95% Error: 
99. 5% Error: 

Corrected Results 

50.18 Feet 
135 Feet 
216 Feet 

Incorrect Results 

62.84 Feet 
244 Feet 
309 Feet 

As noted previously, checkpoints 37, 38, 39 and 40 were not processed 
by FRIS during Runs 39, 40, 41, 42 and 43 as a result of the simulation of an 
. off-route condition during the passage of tho3e checkpoint.,. These checkpoints 
were processed manually and the results are shown in Table 8-20 ~ The 306 
foot error at CP40 on Run 42 resulted from entering CP40 late after initially 
entering it early and subsequently entering on EE40. As a result, the last CP40 
entry was delayed. This action was recorded on the Test Data Log in the pres
ence of the TSC monitor. 

With the inclusion of all location subsystem data (including those having 
all tape errors corrected, the data in Table 8-20 and the correct valuLe for CP3). 

(Text continued on 8-104) 
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TABLE 8-14 FIXED ROUTE LOCATION SUBSYSTEM ERROR STATIS'IICS, RUN 14 

ERROR FREQUENCY DENSITY RUN 14a 

Error No. Percent of 
Interval Samples Samples 

0- 10 5 6.57 
10- 20 8 10.52 
20- 30 11 14.47 
30- 40 14 18.42 
40- 50 4 5.26 
50- 60 9 11.24 
60- 70 5 6.57 
70- 80 5 6.57 
80- 90 7 9.21 
90-100 3 3.94 

100-110 3 3.94 
110-120 2 2.63 

CUMULA TIVE ERRORS RUN 14a 

Error Samples Percent Samples 
LT Error LT Error 

10 5 6.57 
20 13 17.10 
30 24 31.57 
40 38 50.00 
50 42 55.26 
60 51 67.10 
70 56 73.68 
80 61 80.26 
90 68 89.47 

100 71 93.42 
110 74 97.36 
120 76 100.00 
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TABLE 8-15 FIXED ROUTE LOQATION SUBSYSTEM 
ERROR STATISTICS, RUN 24 

ERROR FREQUENCY DENSITY RUN 24a 

Error 
Interval 

0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90-100 

100-110 
120-130 
130-140 
140-150 
170-180 

1500-1510 

No. 
Samples 

1 
13 
14 
14 
5 

10 
4 
2 
2 
1 
2 
1 
2 
2 
1 
1 

Percent of 
Samples 

1.61 
17.33 
18.66 
18.66 
8.06 

13.33 
6.45 
3.23 
3.23 
1.61 
3.23 
1.61 
3.23 
3.23 
1.61 
1.61 

Cwnulative Errors Run 24a 

Error 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 

1510 

Samples 
LT Error 

1 
14 
28 
42 
47 
57 
61 
63 
65 
66 
68 
68 
69 
71 
73 
73 
73 
74 
75 
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Percent Samples 
LT Error 

1.61 
17.33 
37.33 
56.00 
62.66 
76.00 
81.33 
84.00 
86.66 
88.00 
90.66 
90.66 
92.00 
94.66 
97.33 
97.33 
97.33 
98.66 

100.00 



TABLE 8-16 FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STA TIS TICS, RUN 34a 

ERROR FREQUENCY DENSITY RUN 34a 

Error No, Percent of 

.. Interval Samples Samples 

0- 10 1 1.33 
10- 20 11 14.66 
20- 30 14 18.66 
30- 40 12 16.00 
40- 50 11 14.66 
50- 60 5 6,66 
60- 70 6 8.0 
70- 80 5 6.66 
80- 90 3 4.0 
90-100 4 5.33 

110-120 2 2.66 
130-140 1 1.33 

Cumulative Errors Run 34a 

Error Samples Percent Samples 
LT Error LT Error 

10 1 1.33 
20 12 16.00 
30 26 34.66 
40 38 50.66 
50 49 65.33 
60 54 72.00 
70 60 80.00 
80 65 86.66 
90 68 90.66 

100 72 96.00 
110 72 96.00 
120 74 98.66 
130 74 98.66 
140 75 100.00 
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TABLE 8-17 FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STA TISTICS, RUN 40a 

ERROR FREQUENCY DENSITY RUN 40a 

Error No. Percent of 
Interval Samples Samples .. 

0- 10 4 5.26 
10- 20 6 7.89 
20- 30 12 15.78 
30- 40 12 15.78 
40- 50 11 14.47 
50- 60 11 14.47 
60- 70 4 5.26 
70- 80 7 9.21 
80- 90 4 5.26 
90-100 1 1.31 

100-110 1 1.31 
110-120 2 2.63 
170-180 1 1.31 

Cumulative Errors Run 40a 

Error Samples Percent Samples 
LT Error LT Error 

10 4 5.26 
20 10 13.15 
30 22 28.94 
40 34 44.73 
50 45 59.21 
60 56 73.68 
70 60 78.94 
80 67 88.15 
90 71 93.42 

100 72 94.73 
110 73 96.05 
120 75 98.65 
180 76 100.00 
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TABLE 8-18 FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STATISTICS, RUN 43a 

ERROR FREQUENCY DENSITY RUN 43a 
~ 

Errol' No. Percent of 

~ ... .. ... '" ... )nt~rvtl.l • S~ples Samples 

;> 

0- 10 3 4.0 
10- 20 3 4.0 
20- 30 6 8,0 
30- 40 8 10.66 
40- 50 14 18.66 
50- 60 9 12.0 
60- 70 2 2.66 
70- 80 12 16,00 
80..,. 90 3 4.0 
90-100 5 6.66 

100-110 5 6.66 
110-120 1 1.33 
120-130 1 1.33 
130-140 1 1.33 
140-150 1 1.33 
180-190 1 1.33 

CUMULA TIVE ERRORS RUN 43a 

Error Samples Percent Samples 
LT Error LT Error 

10 3 4.00 
20 6 8.00 
30 12 16.00 
40 20 26.66 
50 34 45.33 
60 43 57.33 
70 45 60,00 
80 57 76,00 
90 60 80.00 

100 65 86.66 
no 70 93.33 
120 71 94.66 
130 72 96.00 
140 73 97.33 

><- 150 74 98.66 
190 75 100,00 
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000 06 06 R3 E 0 03357 F 11389 T 26 07 
000 06 06 R3 E 0 03362 F 11394 T 26 07 
000 06 06 Rl 0 03368 F 11399 T 26 08 
000 06 06 Rl 0 03374 F 11405 T 26 08 
000 06 06 Rl 0 03379 F 11410 T 26 09 
000 06 06 Rl 0 03385 F 11416 T 26 09 
000 06 06 Rl 0 03391 F 11422 T 26 10 
000 06 06 Rl 0 03396 F 11427 T 26 10 
000 06 06 Rl 0 03402 F 11433 T 26 11 
000 06' 06 R1 0 03408 F 11439 T 26 11 
000 06 06 Rl 0 03413 F 11444 T 26 12 
000 06 06 R1 IT 03419 F 11450 T 26 12 
000 06 06 Rl 0 03425 F 11456 T 26 13 
000 06 06 Rl 0 03431 F 11461 T 26 13 
000 06 06 R1 0 03436 F 11467 T 26 14 
000 06 06 Rl 0 03442 F 11472 T 26 14 
000 06 06 R1 0 03447 F 11478 T 26 15 
000 06 06 Rl 0 03453 F 11483 T 26 15 
000 06 06 Rl 0 03458 F 11488 T 26 16 
000 06 06 Rl 0 03463 F 11493 T 26 16 

TD 006 06 06 Rl 0 03468 F 11498 T 26 17 
-:....:0=-,0-'0'--"-''---0.....,6.-:;....;;;;-..,...0-:"8-''-=--=-R-:-l.;...;...:;:..--0=- 0 3 4 73 --F TOl 9::-6-;-'--'''-::T;:-:::2::-:6~:l7.7~-·-------,1.-:· .. 

000 06 08 Rl 0 02158 F 10201 T 26 34 ERROR 
000 06 08 Rl 0 02163 F 10206 T 26 35 RECORDS 
000 06 08 Rl 0 02169 F 10211 T 26 35 
000 06 08 R1 0 02174 F 10217 T 26 36 
000 06 06 R1 0 03497 F 11526 T 26 36 
000 06 06 Rl 0 03501 F 11531 T 26 38 
000 06 06 Rl 0 03506 F 11535 T 26 38 
000 06 06 R1 0 03511 F 11539 T 26 39 
000 06 06 Rl 0 03515 F 11544 T 26 39 
000 06 06 R1 0 03520 F 11549 T 26 40 

TA 012 06 06 R1 0 03524 F 11553 T 26 40 
000 06 06 Rl 0 035~9 F 11557 T 26 41 
000 06 06 Rl 0 03533 F 11562 T 26 41 
000 06 06 R1 0 03538 F 11566 T 26 42 
000 06 06 R1 -,' 0 03543 F U571 T 26 42 
000 06 06 Rl 0 03547 F 11576 T 26 43 
000 06 06 Rl ,0 03552 F 11580 T 26 43 
000 06 06 Rl 0 03557 F 11585 T 26 44 
000 06 06 R1 0 03562 F 11590 T 26 44 
000 06 06 1:;:1 0 03~)/.·B 1::- 1:1.~,)95 T 26 45 
000 06 06 Rl 0 03572 F 11600 T 26 45 
000 06 06 R1 0 03578 F 11605 T 26 46 

FIG. 8-69 RECORDING ERRORS, RUN 25 
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TABLE 8-19 CORRECTED CHECKPOINT ERRORS, RUN 25 

Checkpoint 
aDaM (CP) ODOM (R6) 

SP SEG 
INCREM Comp Comp 

(Count) (Count) (feet) X Y Error 

26 3997 3368 6 18 979 12206 10192 19 

27 373 3368 6 18 1923 13141 10068 34 

28 630 3368 6 19 460 13124 9606 52 

29 903 3368 6 19 1006 13040 9067 30 

. 
30 2026 3368 6 21 955 13833 7645 135 

, 
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On Run 24, the following overall location subsystem results were obtained: 

Number of Samples: 2313 of a possible 2326 (99.44% of recorded data) 
95 Percent of Errors Less than: 106 feet 
99.5 Percent of Errors Less than: 146 feet. 

TABLE 8-20 LOCATION SUBSYSTEM ERRORS FOR CHECKPOINTS 
37-40 ON RUNS 39-43 WHILE "OFF ROUTE" CONDITION 

WAS SIMULATED 

~ 
Location Error in Feet 

Run 37 I 38 I 39 I 40 

39 24 26 16 17 

40 22 28 18 27 

41 10 26 11 15 

42 36 60 41 306 

43 13 26 6 12 

8.3.2 AVM System Data Processing 

As in the case of FRIB, Runs 24, 34, 40 and 43 could not be processed 
to completion through the use of FRSYS. However, the data which could not be 
processed via the use of FRSYS was processed manually using the exact same 
algorifhm. The results obtained are contained in Tables 8-21 through 8-24. 
These results have been incorporatep in Table 8-6. 

An anomaly was also detected in the results obtained for Run 18. FRSYS 
produced an error of 12321 feet at PCP'(2). Manual processing of these data 
resulted in an error of 18 feet. In processing the cassette data, the value of AVM 
y only was in error with all other values correct. The 18 foot value was incor
porated in Ta.ble 8-6. 

When Run 25 was processed by use of FRSYS, the bad records noted in 
Figure 8-69· resulted in erro~eous results for PCP 77 through PCP 97. As dis
cussed in subsection 8.3.1, the use of the later reset value of R8 was partially 
at fault. The erroneous record also made it appear as if the odometer had rolled 
over an additional 4096 (212) counts. This was offset to some extent by the· use of 
the later reset point. Table 8-25 contains the correct results for these 
pseudo checkpoints as computed manually using the correct reset point and the 
correct odometer values. Details of these computations are included in the 
appendix. 
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TABLE 8-21 FIXED ROUTE A VM SYSTEM ERRORS, RUN 24 

ERROR FREQUENCY DENSITY RUN 24 

Error 
Interval 

0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90-100 

100-110 
110-120 
120-130 
130-140 
140-150 
160-170 
170-180 
180-190 

No. 
Samples 

18 
38 
33 
31 
24 
15 
22 
13 
10 
4 
9 
2 
5 
1 
6 
3 
4 
1 

Percent of 
Samples 

7.53 
15.90 
13.81 
12.97 
10.04 

6.28 
9.21 
5.44 
4.18 
1.67 
3.77 
8.37 
2.09 
0.42 
2.51 
1.26 
1.67 
0.42 

Cumulative Errors Run 24 

Error Samples 
LT Error 

10 -18 
20 56 
::SO 89 
40 120 
50 144 
60 159 
70 181 
80 194 
90 204 

100 208 
110 217 
120 219 
130 224 
140 225 
150 231 
170 234 
180 238 
180-190 239 
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Percent Samples 
LT Error 

7.53 
23.43 
37.24 
50.21 
60.25 
66.53 
75.73 
81.17 
85.36 
87.03 
90.79 
91.63 
93.72 
94.14 
96.65 
97.91 
99.58 

100.00 



TABLE 8-22 FIXED ROUTE A VM SYSTEM ERRORS, RUN 34 

ERROR FREQUENCY DENSITY RUN 34 

Error No. Percent of 
Interval Samples Samples 

0- 10 19 6.59 
10- 20 52 18.05 
20- 30 52 18.05 
30- 40 55 19.09 
40- 50 27 9.37 
50- 60 23 7.98 
60- 70 17 5.90 
70- 80 19 6.59 
80- 90 13 4.51 
90-100 4 1.38 

110-120 1 .34 
120-130 1 .34 
140-150 1 .34 
150-160 2 .69 
190-200 2 .69 
280-290 1 .34 

Cumulative Errors Run 3<1 

Error Samples Percent Samples 
LT Error LT Error 

10 19 6.59 
20 71 24.65 
30 123 42.70 
40 178 61.80 
50 205 71.18 
60 228 79.16 
70 245 85.06 
80 264 91.66 
90 277 96.18 

100 281 97.56 
120 282 97.91 
130 283 98.26 
150 284 98.61 
160 286 99.30 
200 288 100.00 
280-290 289 
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TABLE 8-23 A VM SYSTEM ERRORS, RUN 40 

ERROR FREQUENCY DENSITY RUN 40 

" Error No. Percent of 
Interval Samples Samples 

0- 10 14 5.2 
10- 20 37 13.75 
20- 30 37 13.75 
30- 40 48 17.84 
40- 50 43 15.98 
50- 60 26 9.66 
60- 70 17 6.31 
70- 80 24 8.92 
80- 90 10 3.71 
90-100 2 .74 

100-110 1 .37 
110-120 4 1,48 
200-210 1 .37 
240-250 1 .37 
260-270 2 .74 
280-290 2 .74 

Cumulative Errors Run 40 

Error Samples Percent Samples 
.. LT Error LT Error 

10 14 5,2 
20 51 18.95 
30 88 32,7 
40 136 50.5 
50 179 66.54 
60 205 76,2 
70 222 82.5 
80 246 91,44 
90 256 95.16 

100 258 95.91 
110 259 96.28 
120 263 97.76 
210 264 98.14 
250 265 98.51 
270 267 99.25 
290 269 100.00 

,;. 
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TABLE 8-24 FIXED ROUTE A VM SYSTEM ERRORS, RUN 43 

ERROR FREQUENCY DENSITY RUN 43 

Error No. Percent of 
Interval Samples Samples 

0- 10 15 6.66 
10- 20 18 8.0 ,. 
20- 30 17 7.5 
30- 40 28 12.44 
40- 50 33 14.66 
50- 60 27 12.0 
60- 70 11 4.8 
70- 80 32 14.22 
80- 90 11 4.88 
90-100 10 4.44 

100-110 7 3.11 
110-120 2 .88 
120-130 2 .88 
130-140 2 .88 
140-150 3 1.33 
180-190 2 .88 
220-230 1 .44 
210-220 1 .44 
240-250 3 1.33 

Cumulative Errors Run 43 

Error Samples Percent Samples 
LT Error LT Error 

10 '15 6.66 
20 33 14.66 
30 50 22.22 
40 78 34.66 
50 111 49.33 
60 138 61.33 
70 149 66.22 
80 181 80.44 
90 192 85.33 

100 202 89.77 
110 209 92.88 
120 211 93.77 
130 213 94.66 
140 215 95.55 
150 218 96.88 
190 220 97.77 
220 221 98.22 
230 222 98.66 
250 225 100.00 
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TABLE 8-25 MANUALLY CORRECTED A VM SYSTEM ERROR RESUL'lli, 
RUN 25 

" 
ERROR FREQUENCY DENSITY 

Error No. Percent No. Samples % Samples 
,~ Interval Samples Samples Error LT Error LT Error 

0- 10 18 7.46 10 18 7.46 

10- 20 23 9.54 20 41 17.01 

20- 30 42 17.43 30 83 34.43 

30- 40 33 13.69 40 116 48.l3 

40- 50 39 16.18 50 155 64.31 

50- 60 24 9.95 60 171 74.27 

60- 70 11 4.56 70 190 78.83 

70- 80 10 4.14 80 200 82.98 

80- 90 12 4.98 90 212 87.96 

90-100 8 3.32 100 220 91.28 

100-110 2 0.83 110 222 92.16 

110-120 2 0.83 120 224 92.85 .. 
120-130 3 1.24 130 227 94.19 

130-140 3 1.24 140 230 95.43 

150-160 3 1.24 160 233 96.68 

160-170 3 1.24 170 236 97.92 

180-190 1 0.41 190 237 98.34 

190-200 2 0.83 200 239 99.17 

210-220 1 0.41 220 240 99.59 

220-230 1 0.41 230 241 100.0 
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9. SPECIAL CASE TESTS 

The HI3 location subsystem was subjected to a large number of special 
case tests, both in Fort Worth and in Philadelphia, in order to assess its per
formance under the most stringent urban conditions. These tests provided 
results which supplement the data obtained during random- and fixed-route test
ing. Special Case Tests have been grouped into three generic categories: 

Special Urban Conditions 
Special Environmental Conditions 
Special Vehicle Related Conditions. 

9.1 SPECIAL URBAN CONDITIONS 

The random route area assigned to HI3 in Philadelphia included a full 
spectrum of conditions which provided a comprehensive test of the location sub
system technique used by HIS. The area, shown in Figure 3-12, included the 
Reading Railroad terminal and eight elevated steel railroad crossings, two of 
which were over 250 feet long. At two separate locations. the entire roadway 
was covered by portions of parking garages. one for a distance of 297 feet. 
Electric trolleys operated on both 11th and 12th streets through the entire 
random route area. Reference to Figure 3-13 will show the building structures 
in the area which included many miles of highrise "canyons". The area also 
included narrow streets (Wood Street is only 18 feet wide curb-to-curbl, wide 
boulevards (Vine Street is eight lanes wide (134 feet) with three separate medians); 
Market Street is 63 feet wide, curb-to-curb, with numerous metal traffic standards 
extending completely across the roadway. Although most available utility poles 
were metal, a wide variety of poles and configurations were used. On Wood street, 
three wooden poles with overhead'wires were used. Street patterns in the area 
varied, all North-South streets were one-way, and only Vine and Market streets 
were two-way. Since the HI3 location system operates independent of the direc
tion of vehicle travel, this traffic engineering pattem offered no problems • 

Special tests categories under Special Urban Conditions were designed to 
determine the effects of the following items: 

I. Large metallic structures 

2. Freeway overpasses and tunnels 

3. Buildings extending over roadways 

4:. Narrow streets and deep canyons 

5. Wide boulevards. open areas, parks, and malls 
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6. Trolley and other overhead wires 

7. Signpost mountin.g conditions. 

9. 1.1 L!,trge Metallic Structures 

All ten (10) Random Route tests included tests under the Reading Railroad 
Terminal' on Filbert Street, under the steel reinforced parking garage on 8th 
Street, and under railroad tunnels on Cherry, Race, and Vine Streets. Table 
9-1 contains a list of the locatio!!. errors associated with TSC checkpoints which 
were located near these elevated metal structures. Not only are there no errors 
exceeding 179 feet at these locations, but the repeatabWty of the location region 
is demonstrated by the extremely low variance in the errors incurred at each 
checkpoint. Additional data relating to large metallic structures are discussed in 
subsequent paragraphs in this section. 

9.1.2 Freeway Overpasses and Tunnels 

The data presented in Table 9-1 is also apLJlicable to demonstrate the fact 
that the IU3 location subsystem performed within specificatio!!. in the vicinity of 
overpasses and tunnels. In addition, special tests were performed to demon
strate the ability of the HI3 location subsystem to generate location regions within 
tunnels and for signposts to propagate energy through tunnels and under overpasses. 
Figure 9-1 contains data taken during Random Route Test 10 during travel West 
on Filbert Street beneath the Reading Railroad Terminal. As shov.7D. in the figure, 
signposts were installed on street light poles near each end of the tunnel. Three 
different location regions were received by the vehicle while moving through the 
tunnel at the locations shown (to scale) in the figure. 

A similar test involved installation of a signpost in the center of the 297-
foot long covered roadway on 8th Street between Filbert and Arch. The signpost 
was installed, as shown in Figure 9-2, by simply setting the signpost on 2 by 12-
inch wooden walkway with the antenna extended downward between two 2- by 12-
inch boards. This signpost (15,16) crea:.ted a Regio!!. 1 location region within the 
tunnel and produced overlap regions in conjunction with signposts (16,16) to the. 
North and (13,16) to the South. Data obtained during Random Route Test Run 8 
are also shown in Figure 9-3. The vehicle was traveling South on 8th after 
passing signpost (16,16) at 8th and Cherry. At the intersection of 8th and Arch, 
the vehicle received a Level 3 from signpost (15,16) in the tunnel and declared a 
new location regio'.l (16,16) R3S, 230 feet from signpost (15,16). While the vehicle 
stopped, the location toggled to a (16,16) R2S and a (15,16) R3N. Just under the 
tunnel entrance, a Region 1 from signpost (15,16) was declared. 144 feet from 
signpost (15,16), a (15,16) R3N was declared foUowed by a (15,16) Rl at a 
distance of 128 feet fro:n signpost (15,16). This code was stored throughout the 
remainder of the tunnel until a (15,16) R2S was declared 194 feet south of sign
post (15,16). The location error incurred during this run is shown plotted in 
Figure 9-3. 
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TABLE 9-1 RANDOM ROUTE LOCATION ERRORS NEAR LARGE METALLIC STRUCTURES 

I 

*Checkpoint 
Under 8th St. At Edge of 

Tunnel Reading Terminal 
Run No. Tunnel on Filbert 

P2 816 P35 S24 

1 145 22 

2 145 22 

3 145 22 

4 145 22 

5 145 22 I 

6 10 20 
f 

7 10 I 20 I 

8 10 I 

I 
20 

9 10 20 

10 D 20 

* Primary Checl{poillts are denoted Pnn 

Secondary Checkpoints are denoted Snn 

I 
I 
I 

Near Railroad I Near Railroad Near .Railroad 
Overpass on Overpass on Overpass on 

Cherrv I ace Vine 
849 S50 P9 P52 S13 P23 PSI 

40 7 71 86 

40 7 71 86 

40 7 71 86 

40 7 71 86 

40 f 120 71 179 I 

0 40 8' 

0 71 8 

0 40 8 

0 40 8 

I 0 160 8 

I 

I 

I 
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FIG. 9-2 SIGNPOST INSTALLATION IN 8TH STREET TUNNEL 
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The effect of the tunnel in this latter case was to slightly reduce the dis
tance from the signpost at which the specified signal level was received. For 
this reason, the signpost within the tunnel was located closer (520 feet) to the 
adjacent signpost than the average for the remainder of the random route area. 
However, this Simple procedure still allowed the location subsystem error speci
fication to be met in the confines of so restrictive a situation. It is noted that 
there were no poles available for mounting a signpost within the 8th Street tunnel. 
The adaptability of HI3 signposts to virtually any mounting environment was demon
stI-ated in this case. 

9.1.3 Buildings Extending Over Roadways 

The ability of the HI3 location subsystem to meet the multi-user AVM 
performance specifications in the presence of buildings which extend over road
ways was adequat.ely demonstrated in the two preceding special case tests. 
Additional data pertinent to this situation are discussed in subsequent paragraphs 
in terms of parlting garages. 

9.1.4 N.:arrow Streets and Deep "High Rise" Canyons 

The ability of the II? location subsystem to meet multi-user AVM perform
ance specifications on narrow streets and in deep canyons formed by high-rise 
buildings was repeatedly demonstrated during Random Route tests. Many TSC 
checkpoints were located along narrow streets which were framed by high-rise 
buildings. Notable among these were secondary checkpoints 8, 11, 23, 24, 25, 
37, and 55, which were located on streets 27-, 26-, 50-,5-, 26-,and 25-feet 
wide respectively, and framed on each side by multistory buildings which were 
constructed 10 to 20 feet from the curb line. Table 9-2 is a summary of the 
location errors recorded at these 'checkpoints during all five secondary random 
route test runs. 

Table 9-2 HI3 LOCATION SUBSYSTEM PERFORMANCE ON NARROW 
STREETS IN HIGH-RISE AREA 

Secondary Checkpoint 

Run No. S8 S11 S23 S24 S25 S37 S55 

6 153 0 77 20 61 89 0 
7 153 0 77 20 61 89 0 
8 153 225 226 20 61 89 0 
9 153 0 77 20 139 89 0 

10 153 225 77 20 139 89 0 

Location Error in Feet 
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Figure 9-4 contains a plot of location error as a function of vehicle location re
corded during Random Route Test Run 10 traveling East on Race Street through 
the heart of Philadelphia's Chinatown. Along this stretch of Race Street, the 
roadway is only 25 feet wide, and both sides of the street are wall-to-wall 
buildings at least three stories high. It is noted that, even in this extremely 
narrow canyon, the location error is less than 300 feet over 98 percent of this 
roadway. 

9.1.5 Wide BoulevaJ;'ds. Open Areas, Parks. and Malls 

The area on Vine Street between 9th and 11th Streets is representative 
of this type of area. Vine Street itself Gonsists of eight traffic lanes separated 
into four separate roadways by three raised medians. The total curb-to-curb 
width is 134 feet. The 9th-Street end is totally open on all sides with no buildings. 
However, 10th Street, which crosses Vine perpendicularly, is only 27 feet wide, 
curb-to-curb, and is solidly framed by two- and three-story buildings, on both 
sides. 

Figure 9-5 contains data obtained during Random Route Test Run 1 
between 9th; and 11th Streets, eastbound on Vine. Signposts (12,8) and (12, 10) 
were located on the center medians at 11th and 9th Streets, respectively, and 
were separated by 880 feet. Signposts (l9, 15) and (17, 15) were located on 10th 
Street at Wood and Spring Streets, respectively, and separated by 700 feet. At 
only two locations along this stretch of Vine Street, corresponding to less than 
6% of the roadway shown, did the location error exceed 300 feet. 

These data show that the performance of the HI3 location subsystem is 
not degraded in areas containing wide boulevards and open areas and that the use 
of signposts on narrow streets (10th Street) opening onto open areas (Vine Street) 
is effective in the formation of location regions. Additional data on this same area 
is discussed in [.19.ragraph 9. 7 which is directed to a discussion of vehicles making 
U-Turns. 

9.1.6 Trolley and Other Overhead Wires 

Both 11th and 12th Streets had trolleys operating from overhead wires. 
Typical signpost installations near these wires, as well as near other overhead 
wires are shown in Figure 3-13. Secondary checkpoints 9, 17, 18, 19, 20, 24~ 

28, 29, 37, 38, 39, 40, 46, 52, 53, 57, and 60 were all on 11th and 12th Streets 
within 15 feet of overhead trolley wires. The data taken on Random Route Test 
Runs 6 through 10 for these 17 checkpoints is summarized as follows: 

Total number of samples: 84 
Number of samples with error < 250 feet: 82(97.62%) 
Maximum error among samples: 376 feet 
Average location error: 81 feet 
95% confidence error: 241 feet 
Percent samples with less than 450 feet errors: 100 
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These results are consistent with the overall results obtained during random route 
tests and show that trolley wires and other overhead wires, e. g., those near Wood 
and Pearl Streets, had no effect on the performance of the HI3 location subsystem. 

9.1. 7 Signpost Mounting Conditions 

Figure 3-13 contains photographs of all HI3 signpost installations in 
Philadelphia. In most instances, signposts were mounted 18 to 26 feet above the 
roadway. However, some signposts (19, 15), (19, 16), and (15, 13) were mounted 
less than 16 feet above the ground. Photographs of 12 different installations in 
Philadelphia are shown in Figure 9-6. These installations were simply dictated 
by the availability of permanently installed poles owned either by the City of 
Philadelphia or by the Philadelphia Electric Company. H:f3 contracted pole agree
ments with both of these organizations prior to installation. 

At a given distance from a HI3 signpost, the strength of the signal received 
from the signpost is relatively independent of the signpost height above the ground. 
This relationship is illustrated in Figure 9-7 which contains a plot of the distances, 
from a signpost, where a Region 1 was received for signpost heights of 20, 22.5, 
and 25 feet above the ground. The test vehicle was utilized during these tebts, 
and the signpost was approached from two opposite directions. These data were 
taken in Fort Worth during Special Test Runs 19 through 36. The average and 
standard deviation of the Rl radius for all of 10 samples taken were 245 feet and 
26 feet, respectively. This latter value is very close to the 18-foot standard 
deviation in Rl boundary location for all 15 fixed route signposts. 

These tests show that the HI3 location subsystem can be utilized in any type 
of installation without modification to any part of the location subsystem. Height 
is not critical, and the unit can be attached to any space available on the pole, 
preferably out of reach of passersby. And, on poles with overhead wires, flexible 
mounting specifications will permit the installation to adhere to OSHA safety 
requirements concerning the minimum space between power wires and items 
mounted on the pole. 

A second item of consideration is the effect of local structures near the 
signpost; in particular, buildings which are very close to the signpost. Figures 
9-8 and 9-9 contain contour plots of data obtained during special test':! in 
Philadelphia under the following conditions: 

Wide open streets with no buildings near the signpost 

Narrow streets with tall buildings on all sides and very 
close to the signpost • 

The same signpost was utilized and antennas mounted at the same height, 23 feet, 
during both sets of measurements although the poles were quite different, as shown 

(Tex!; continued on 9-16) 
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FIG. 9-6 A VARIETY OF SIGNPOST INSTALLATIONS 
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VEHICLE HEADING 

.. --WEST EAST 

Run 'IF Vehicle Heading Signpost Height R1 Radius 
(feet) (feet) 

19 West 25 222 
20 East 25 240 
29 West 22.5 270 
30 East 22.5 250 
31 West 22.5 270 
32 East 22.5 260 
33 West 20 260 
34 East 20 180 
35 West 20 250 
36 East 20 250 

jL(R1
West

) ::: 254' jL(R1Eas~ = 236' fL{R1) = 245' . 
O"'RI 

O(R1 ~ = 28' O(R1) = 26' West) = 18' 
Eas 

FIG. 9-7 SIGNPOST HEIGHT TEST RESULTS 
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in Figure 9-6. Data were taken in all driving lanes heading in all possible 
directions, the latter being limited because Callowhill is one-way in both 
directions leading into Broad,. There were no other crossing two-way streets 
in the Center City region of Philadelphia which included a narrow street. 

Table 9-3 contains the data obtained during these tests. Where poSSible, 
both R1 and E.1 dropout data were recorded. The mean and standard deviations 
of the two sets of data were as follows: 

At Broad and Ca1lowhill (Narrow Streets - Congested Structures) 

f.1 = 179 feet 
rr = 42 feet 

At Broad and Vine (Wide Streets - No Large Structures) 

f.1 = 206 feet 
rr = 49 feet 

Both Sets of Data Combined 

f.1 = 224 feet 
rr = 46 feet 

These data show the consistency obtained from the HI3 location subsystem 
under quite different installation conditions. In one case the si.gnpost was only 
21 feet from a 12-story building. In the other case, there were no structures 
within 77 feet of the signpost. 

9.2 SPECIAL ENVffiONMENTAL' CONDITIONS 

Special tests categorized under Special Environmental Conditions included 
the following: 

Power substations electromagnetic interference 

RF survey 

Electromagnetic interference from trolleys 

Temperature environment 

Traffic and weather 

Signpost battery drain • 
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TABLE 9-3 SIGNPOST LEVEL 1 CONTOUR DATA 

Broad and Vine St. 12-15-76 2025-2135 HRS 
Temp = 46° 
Dry 

ODOMETER SETTING: 1 Foot Per Pulse 

Odometer Reading llR .6R 
LANE HEADING 

At Rl At Center of At RlD 
in out 

Intersection 
feet feet 

.-
1 South 0419 645 853 226 208 
2 South 488 641 822 153 181 
3 North 713 866 1101 153 234 
4 North 602 767 973 165 20fl 
1 East 1298 1442 1636 144 194 

'. 2 East 1509 1610 1856 101 246 
3 East 408 517 755 109 238 
4 East 1290 1409 1643 119 234 
5 West 466 641 776 175 135 
6 West 379 509 751 190 182 
7 West 1793 2000 2188 207 188 
8 WElst 658 843 956 185 113 

BROAD & CALLOWHILL 
ODOMETER SETTING: 2 Feet Per Pulse 

1 West 401 477 - 152 -
2 West 128 189 - 150 -
1 East 341 416 - 150 -
2 East 698 823 - 250 -
1 South 15 163 264 296 202 
2 South 198 340 434 284 188 
3 North 107 190 310 166 240 
4 North 70 168 268 196 200 

NOTE: Odometer Calibration 0.2 Percent Low. 
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9.2.1 Power Substation E:MI 

These tests were conducted at the intersection of 11th and Noble. As 
shown in Figure 9-10, both the Southwest and Northwest corners of this inter
section are covered by power substations. The tests were conducted by operating 
the test vehicle against signpost (15,13) which was mounted on a street light on 
the Southwest corner. Table 9-4 contains the results obtained. The signpost 
was succe·ssfully received and decoded on each and every pass. When the test 
vehicle was located near the Reading Railroad crossing, on 11th Street, an over
lap region between signpost (15, 13) and signpost (19,13) was recorded. Signpost 
(19,13) was located approximately 680 feet South on 11th Street. A strong 60 
cycle hum could be distinctly heard emitting from the substatiO.!l as far as 1 block 
away. The overall results obtained during this test document the fact that 60-cycle 
E:MI has no perceptable effect on the HI3 location subsystem. 

9.2.2 RF Survey 

A survey of in-band RFenergy at 49.860 MHz was conducted in order to 
establish the background level of in-band radio frequency interference. Data 
were taken manually through. use of a special RF signal strength meter and a 
calibrated attenuator. The test vehicle and test location subsystem antenna were 
used during the tests. The calibrated attenuator was adjusted so as to produce 
midscale on the meter which had previously been calibrated at -81.5 dBm. 
Tests were conducted at a number of locations throughout the random and fixed 
route test areas in downtown Philadelphia. Table 9-5 contains the results of this 
survey. Signal levels below -81.5 dBm were estimated from the meter by calibrat
ing it with the attenuator and a calibrated signal source. The receiver in the RF 
survey meter was a standard vehicle unit signpost receiver. 

With signposts installed, the indicated level of attenuation was required 
in order to produce midscale deflection of the meter. The attenuation required 
was, of course, dependent on the distance to the signpost. 

In the vicinity of the power substation at llth and Noble streets, the in-band 
energy was -88 dBm. Noperceptable difference was observed when a train passed 
nearby. The most signliicant source of in-band energy was ignition noise; however, 
this was quite spurious and difJicult to quantify. The RF noise produced by the 
test vehicle was apprOximately -80 dBm at the receiver at 49 MHz contrasted 
with -49 dBm at a similar 27-MHz receiver. In the few instances, arLItomobiles 
passing directly by the test vehicle produced a transient signal as high as .:.76 
dBm. However, in no case was the presence of ignition noise correlatable to 
any location error. 

9.2.3 E:MI From Trolleys 

On a number of occasions, the test vehicle followed or was followed by 
trolleys operating from overhead wires. In these cases, visual observation of 
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TABLE 9-4 TEST DATA TAKEN NEAR POWER SUBSTATION 

RUN # HEADING 
ODOM (R1) ODOM (center of Inter- R 

(feet) section) (fea t) (feet) 

1 E 126 224 98 

2 E 274 376 1\1~ 

3 E 302 374 72 

4 N 1;12 214 112 

5 N 368 493 1:30 

6 S 100 198 98 

7 W 160 402 242 
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TABLE 9-5 PHILADELPHIA RF SURVEY 12-15-76 

. FREQUENCY 49.860 MHz EXCEPT AS NOTED . 
TIME LOCATION REMARKS 

SIGNAL LEVEL 
(dBm) 

1940 Broad and Hamilto'} Attenuator Removed -83 
194;) 12th and Hamilton -88 
1952 9th and Spring Garden 

* -88 
1955 11th and Noble Signpost Installed (34 dB atten for 0,5 mal , 

30 feet from signpost 
J.957 11th and Noble Signpost Removed -88 

* 2006 Broad and Callowhill Signpost Installed (55 dB for 0,5 mal 
2008 Broad and Callowhill Signpo3t Removed -88 
2012 Broad and Spring Garden -88 
2015 15th and Ridge -ss 
2035 16th and Vine -SS 
2036 17th and Vine -SS 
203S 18th and Hamilton -88 
2039 19th and Spring Garden -88 
2043 Ben Franklin Parkway Circle Near Signpost 6,6 -80 
2044 22nd and Ben Franklin P, W, -88 
2045 19th and Cherry 
20;)0 18th and Market No cars within 1 block -88 to -78 
2051 Cars passing 150' away -88 
2052 Cars passing in next lane -81.5 to -76 
2053 Cars passing 2 lanes away -88 to -87 

2055 Many cars passing simultan-
eously -83 

2210 4th and Vine 

12-16-76 
1020 11th and Noble Motor On -80 
1020 11th and Noble ·at 27 MHz - Motor On -49 
-1021 11th and Noble Motor Off -8S 
1022 11th and Noble at 27 MHz - Motor Off -80 

0530 15th and Market Heavy Traffic - Motor Off -S8 to -76 

*With signpost installed, attenuation was increased to provide mid scale deflection of the 

meter corresponding to -81.5 d EM. The attenuation necessary depends on the distance to 

the signpost. 
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sparking at the trolley wire connectioo. occurred. During Random Route Run 1, 
as noted in the test log, the test vehicle followed directly behind a trolley heading 
South on 12th Street from CP 45 to CP 46. Reference to Run 1 test data in 
Table 5-J. will indicate that the location errors associated with these two check
points were not influenced by the presence of the trolley since the error was the 
same for Runs 1, 2, 3, and 4 and no trolley was present during those latter runs. 
On Run 4, a trolley followed directly behind the test vehicle from CP 25 through 
CP 28. Again, reference to Table 5-1 will indicate that the presence of the trolley 
during Run 4 did not influence the location error since the errors incurred at 
CP 25, 26, 27, and 28 were exactly the same in 17 out of 20 cases. It is 
concluded from those tests that the ID3 AVM system can operate without degrada
tion in performance near, and most probably on, electric trolleys. 

9.2.4 Temperature Environment 

A series of tests were performed in order to establish the ability of the 
ID3 signpost to operate over a wide variation in temperature. The results of these 
tests are presented in Table 9-6. 

Each HI3 signpost used in Phase 1 was checked for operation over the 
temperature range -25°C to +500 C in the environmental chamber. Thes e tests 
were not part of the special case tests; however, the results are directly applicable 
to Phase I and Phase II. These te3t.s were conducted by USing the field strength 
meter which includes a built-in signpost decoder to monitr.;r the signpost output 
while the signpost was in the chamber. During this test, the signal strength meter 
was at room temperature and the test was simply a go, no-go type test which was 
based on the ability to decode the signpost code over the temperature range o The 
purpose of the test was to assure that the signposts were operating over the expected 
temperature range. Note that the signal strength meter is normally battery 
operated. . 

Subsequent to these tests, during the process of adjusting the vehicle 
units for use in Phase I, the receiver in the signal strength meter was used as 
a reference; however, it was connected to a 12-volt power supply at the-time the 
clock frequency was being determined. As a result, the clock frequency in both 
Vehicle Unit 1 and 2 were erroneously set a few kilohertz too high (204 KHz versus 
198 KHz). This error caused :ao problem at normal temperatures; however, at 
lower temperatures, the signp'ost FSK frequencies change within a design tolerance. 
This design tolerance is within the capture bandwidths of the correctly adjusted 
vehicle unit. However, in this case, the capture bandwidth of the erroneously 
adjusted vehicle units was too narrow. Hence, during Runs 1 through 5, as, the 
temperature decreased, somt~ degra.dittioL\ In system performance resulted. 

As noted in the random route data ll')g in the Appendix, this error was 
discovered and corrected betwc:.1en Runs 5 and 6, with the highly Significant results 
previously described fu Section 5 of this vol\111ue. 

9-22 

, 





TABLE 9-6 HOFFMAN SIGNPOST PARAMETERS VS. TEMPERATURE 

49.860 MHz Signpost SP-03 27.095 MHz Signpost SP-02 

Tem(:!erature Source RF Freq. RF % F RF Freq. RF % F 
°c Voltage MHz P-P MOD 

low 
MHz P-P MOD 

low 

Volts Out 
KHz 

Out 
KHz 

Volts Volts 

+20 11.6 49.860437 1. 80 .2 3.776 27.094528 2.05 .24 3.275 

+20 11.4 49.860430 1. 75 .2 3.249 27.094 520 1. 95 .24 3.240 

+20 11. 2 49.860411 1. 70 .2 3.210 27.094492 1. 95 .24 3.205 

+20 13.34 49.866283 1. 50 .25 2.981 27.094 397 1. 80 .2 2.956 

+20 9.86 49.860 743 2.10 .2 3.544 27.093 802 2.15 .3 3.563 

0 11. 6 49. 86t 280 1. 75 .2 3.261 27.094517 2.00 .24 3.272 

0 11.4 49.861 133 1. 70 

I 
.2 3.228 27.094· 490 1. 98 .24 3.229 

0 11. 2 49.861 122 I.S0 .2 3.195 27.094 483 1. 93 .24 3. 195 

-20 11.6 49.861 8'/5 1.70 .25 3.259 27.094486 1. 90 .26 3.281 

-20 11.4 49.861 876 1. 66 .25 3.225 27.094473 1. 85 .26 3.728 

-20 11. 2 49.861 849 1. 63 .25 3.193 27.094427 1.70 .26 3. 192 

+50 11.6 49.859 001 1. 78 .18 3.274 27.094 566 2.05 .26 3.270 

+50 11.4 49.858 976 1. 75 .18 3.241 27.094553 2.00 .26 3.237 

+50 11.2 49.858 965 1. 70 .168 3.211 27.094546 1. 95 .24 

~ +150 27.094571 2.10 .26 3.302 

Data taken with Textronix 485 Oscilloscope with signpost inside of Standard Environmental Systems, Inc. model TB/2 
Environmental Chamber. 



. r 

At first, it was believed that signpost failures produced the problems 
observed in Run 5 since the same type of problem was observed during preliminary 
calibration of the system. Isolation and correction of the vehicle frequency adjust
ment problem shed new light on this problem, and it is now documented that HI3 
experienced only lOne signpost failure during the 90 days in which the 41 signposts 
were installed in Philadelphia. That failure occurred during extremely cold 
weather wh~n a mica <?apacitor failed in signpost (16, 11) on the night of 16 January 
between fixed route Runs 37 and 38. The failure was possibly due to "a faulty 
capacitor which could not stand the thermal shock of the temperature dropping 
11 degrees in less than three hours during the period in which the signpost failed. 
As a result of this failure and tests run on signpost:; to be installed in Labrador, 
these mica capacitors are being replaced with ceramic capacitors. 

Table 9-7 contains data taken on a HI3 vehicle unit during operation over 
the temperature range between -25°C and 650 C at source voltages between 11 
and 14 volts DC. As in the case of the signpost, a standard environmental system, 
Model TB1Z environmental chamber. was utilized. These data show that the 
Level 3 and Level 2 'hresholds do not change with temperature over the -250 C 
to +650 C operating range and over a source voltage range from 11 to 14 volts. 
The Levell threshold varied a total of 1.5 dB over this same range. However, 
this change represents only a few feet since this level change is associated with 
the steepest poJrtion of the RF field produced by the signpost. 

9.2.5 Weather, Traffic, and Time of Day 

A total of 10 random :route, 33 fixed route, and apprOximately four full 
days of special case tests were performed in Philadelphia. At no time was any 
test delayed as a result of weather, traffic conditions, or the time of day. 
Table 9-8 reflects the weather and traffic conditions and the start and finish 
times of each formal test run. Figure 9-11 contains photographs taken during 
fixed route Runs 18, 19, and 34 and one taken when the "off-route" signpost:; 
were being installed during 50 F weather after completing Run 38. 

The only problems created by the ,:,reather involved the 5th wheel. These 
included (1) a shorted connector caused by water on Run 26, (2) loss of a magnet 
during Run 32, probably because of roadway ice ruts, and (3) an accumulation of 
up to 1/4 inch of ice and slush on the 5th wheel as shown in Figure 9-11. An 
average accumulation of l/8-inch increase in the radius of this 13-inch radius 
wheel produces an error since the wheel would turn 1 percent fewer revolutions 
per foot, or, on the basis of assuming a total distance traveled of 68,000 feet, 
a total of 100 fewer revolutions. This difference would produce an error 
(shorter indicated distance traveled by the 5th wheel) of 681 feet. A comparison 
of odometer and 5th wheel distances for the fixed route indicated that this buildup 
of snow and ice ni conjunction with some sliding of the 5th '.']heel did indeed cause 
the 5th wheel to lose distance during those runs where the centers of streets were 
icy • 
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'TABLE 9-7 HI3 SIGNPOST RECEIVER TEMPERATURE CHARAC'I'ERISTICS 

Tem8erature 
C 

+25 

+25 

+25 

0 

0 

0 

-25 

-25 

-25 

+50 

+50 

+50 

+65 

+65 

+65 

+65 

*Note: Level #1 drop 
out occurs at high 
signal levels clue to 
saturated mixer 
characteristics. 

Input Minimum 
Voltage Decode Level 

Volts db 

11.0 66 

12.5 66 

14.0 66 

11.0 65 

12.5 65 

14.0 63 

11. 0 62.5 

12.5 62.5 

14.0 62.5 

11.0 65 

12.5 65 

14.0 65 

11.0 64 

11.5 65 

12.5 65 

14.0 63 

Test Configuration 

I Calibrated I 
Signpost 1.1 

-23 dbm 
output 

Maximum 
Decode Level 

db 

10 

7 

10 

10 

10 

12 

21 

1& 

23 

19 

17 

20 
" 29 

24 

19 D:. 

24 

Cal'b ted 1 ra 
J.. 
'l 

Attenuator 
(db) 

12 VDC 
Variable t---
Power Supply 

Level #1 Level #2 Level #3 '"".1#1 ) db db db Drop Out 
db 

38 53 63 0( 4 

I 38 53 63 " 4 

38 50 6S " 4 

39 53 63 

39 53 63 

39 53 63 " 4 

39.5 53 63 

39.5 53 63 < 4 

39.5 53 63 " 4 

37.5 53 63 < 4 

37.5 53 63 

I 37.5 53 63 

37 53 63 6 

37 53 63 6 

37 53 63 6 

37 53 63 6 
-

I 

HI3 
I Tektronic I 

I I 485 Vehicle I 
I Oscilloscope 

Unit I 
I 

I 
1- -- -- -



Run # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
·41 
42 
43 

TABLE 9-8 HI3 TEST DA TA (WEA '!'HER, TEMPERATURE, AND TIME) 

Temperature Start Time End Time 
of Weather Traffic IHrs.Min Hrs. Min. 

48 Wet Streets Heavy 15~41 17; 15 

48 Wet Streets Heavy 17:35 18:48 

46 Wet Streets Moderate 18:56 20:05 

45 Wet Streets Moderate 20:25 21:50 

41 Wet Streets Light 21:56 22:57 

28 Dry Moderate 09:45 10:55 

34 Dry Heavy 3:1:05 12:35 

36 Dry Heavy 12:40 14:09 

38 Dry Moderate 14:20 15:35 

36 Df:y Heavy 17:05 18:18 

24 Dry Moderate 13:10 14:50 

25 Dry Moderate 15:00 16:37 

24 Dry Heavy 16:50 18:20 .' 
24 D!7 Moderate 20:25 21:40 

23 Dry Light 22:00 23:10 

23 Dry Light 23:20 00:30 

30 Dry Moderate 08:50 10:15 

32 Snowing Heavy 10:20 12:00 

31 Snowing Heavy 13:30 15:35 

32 Snowing Heavy 16:00 17:30 

33 2" Slush Moderate 18:00 19:30 

33 2" Slush Freez- Light 20:40 21:55 

ing Rain 
32 Freezing Rain Light 22:00 23:20 

32 Freezing Rain Ught 23:30 00:45 

32 Light Rain Light 00:50 02:10 

33 Slush Moderate 10:35 12:00 

34 Slush Moderate 12:10 13:22 

38 Slush Moderate 13:30 14:55 

37 Slush Moderate 15:00 16:20 

34 Slush Heavy 17:15 18:38 

34 Slush Moderate 18:45 20:10 

32 Slush Light 20:25 21:50 

26 Snow Light 10:10 12:25 

26 Snow Moderate 12:35 14:05 
26 Snow Moderate 14:15 15:35 

28 Snow Heavy 15:50 17:05 

26 Slush Heavy 17:15 18:30 

15 Slush Moderate 20:·40 21:50 

8 Ice Light 10:15 11:45 

8 Ice Light 12:15 13:40 

12 Ice Moderate 15:35 17:15 

12 Ice Moderate 18:55 20:.10 

12 Ice Light 20:30 21:40 -
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FIG. 9-11 INCLEMENT WEATHER TEST CONDITIONS 
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9.3 SPECIAL VEHICLE RELATED CONDITIONS 

During the Phase Y test program, a number of tests were conducted to 
assess the limitations, if any, and capabilities of the HI3 AVM System in terms 
of special conditions which pertain to the AVM-equipped vehicle. HI3 selected 
a large motor home for use as a test vehicle for two reasons: (1) it provided an 
ideal working space for the DAS and for observers during tests and demonstra
tions, and (2) it was an ideal simulation for a bus in terms of height, width, and 
maneuverability. The success achieved through use of the Phase I test vehicle 
makes it a logical choice for use during Phase II test program in Los Angeles 
as a test and calibration vehicle. 

Special vehicle related tests were categorized as follows: 

Vehicle velocity 

U-Turns 

Parking Garages. 

9.3.1 Vehicle Veloc!1Y 

During the random route and fixed route tests in Philadelphia, the test 
vehicle operated under prevailing traffic conditions and speed limits. As a 
result, the vehicle was rarely able to exceed a sp~ed of 30 miles per hour during 
formal tests. In order to dem.onstrate the performance of the HI3 LS at speeds 
much greater than 30 mph, a series of special tests were conducted in Fort Worth, 
Texas, on 27 October 1976. Two typ~s of tests were conducted. The first involved 
making repeated passes at a constant speed by a signpost mounted on a street 
light and recording the distance from the signpost at which the R1 boundary was 
detected. These tests (Special Case Runs 17 through 28) covered speeds from 
10 to 48 mph. Higher velocity tests were performed by attaching a signpost to 
the top of another vehicle and subsequently driving the two vehicles toward each 
other at constant speeds. By recording these speeds and the location, ODOM (Rl), 
at which the R1 was received, and the location, ODOM(P), at which the vehicles 
passed, the actual R1 radius associated with the relative velocity between the 
test vehicle and the signpost could be computed. The value of the odometer at the 
occurrence of the R1 was automatically recorded by the data recording software. 
Passage of the two vehicles was recorded by use of a CP event code. 

The geometry involved in the latter test is shown in Figure 9-12. If it is 
assumed that the test vehicle was traveling at a speed of V TV and the signpost at 
a speed of VSP, then the actual vehicle velocity relative to the signpost is 
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SIGNPOST ~ 

Vsp_b 
~~==~~----------------------------X------------------~~~~~ 

___ V
TV 

I 
OooM (RI) 

LOOATION OF TEST 
VEHICLE AT TIME 

Rl RECEIVED 

ODO~'P) LOCAT' OF 
LOCATION OF BOTH SIGNPOST AT TIME 
VEHICLES AT TIME. RI RECEIVED 
OF PASSING 

FIG. 9-12 VEmCLE VELOCITY TEST CONFIGURATION 
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During the period of time between receipt of the R1 by the test vehicle 
and the passing of the two vehicles, the test vehicle traveled a distance of 

DTV = ODOM(P) - ODOM(R1) • 

The time required to travel this distance is 

.DTV 
R= --. 

VTV 

During the same time period, the signpost traveled a distance of Dgp = T x VSp. 
The actual R1 distance is given by 

or 

VSP 
R1 = DTV + DSp = DTV + T x V SP = DTV + DTV -,

VTV 

R1 = ODOM(P) - ODOM(R1) (1 + VSP/VTV) . 

This last relationship was used to compute the R1 distances shown in Table 9-9 
for the case of two vehicles. The slightly shorter R1 value that resulted during 
Runs 43 through 49 are primarily attributed to the manner :in which the signl?ost 
was mounted on top of a van. The signpost height was only 9 feet above the 
ground. Not.;: that the average R1 radius is 216 feet for the data :in Figure 9-9 and 
the standard deviation is less than 54 feet, including the effect of both vehicle 
speed and the height difference of the vehicle-mounted Signpost. The standard 
deviation of the pole-mounted signpost tests was 37 feet while that of the vel1icle
mounted signpost tests was 22.8. The results show that the HI3 AVM System 
performance is not degraded at any speed contemplated for either fixed or 
random route vehicles. 

9.3.2 Vehicle Making U-Turns 

The HI3 A VM Sys tem is independent of the direction of travel of the 
vehicle. No dead-reckoning is perfonned, and no application of location history 
is made in computing subsequent locations. Each vehicle simply computes and 
stores its most current location as it detennined by the 18-BIT location region 
code. The process of making a U-Turn in no way affects the performance of the 
HI3 system. This fact was d~monstrated during a special test conducted on 
Vine Street between 9th and 10th Streets. Figure 9-13 reflects the path of the vehicle 
on a scale drawing of the street, which is 134 feet wide. The small solid circles 
on the vehicle path indicate the occurrence of a new location region code. The 
locations of these HI3 test and calibration checkpoints 14, 15, and 17 are also 

9-30 

f 



TABLE 9-9 VEHICLE VELOCITY TESTS 

Run # Heading VTV VSP V
R 

R1 Radii Odometer 

mph mph mph Feet CAL 

Feet per pulse 

17 West 10 NA 10 280 10 
18 East 10 NA 10 290 2 
19 West 20 NA 20 272 2 
20 East 20 NA 20 298 2 

'. 21 West 30 NA 30 * 10 
22 East 30 NA 30 * 10 
23 West 40 NA 40 240 10 
24 East 40 NA 40 170 10 
25 West 45 NA 45 240 10 
26 East 45 NA 45 260 10 
27 West 48 NA 48 210 10 
28 East 40 NA 40 260 10 
43 East 20 0 20 190 10 
44 East 20 20 40 180 10 
45 East 30 30 60 160 10 
46 East 40 40 80 140 10 
47 East 40 45 85 191 10 
48 East 48 50 98 163 10 
49 East 48 54 102 127 10 

* Experienced problem recording output of odometer 

9-31 



U-TURN TEST 
12-16-76 

\

19, 15R3S -t- 19, 15R2S r 19, 15R3S 
C __ ,- J le:::::::::::::::::::::l) 

I 
l2,10R1 

,-.::: --+..- ____ .- - .- - +- -,-e 
e C-----------~12 10R1--- SP12, lOP ~ CP#17 

( '-(19, 15R3S . ~ 12, 10R2WJ~~ , - ---- ----. --e fi . _. _ J l2, 10R1 

CP#15 '- 12, 10R2W '- 12, 10R2W 
12, 8R3E ..... --.. ____ -.. 8~ 

19,15R3S 19, 16R3W 

10th ST. 
9th-ST. 

VINE ST. 
l2,10 

10th ST. 8th ST. 

FIG. 9-13 VEillCLE U-TURN TESTS 
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indicated. The inset is the street geometry and the location of signposts and 
location region coordinates. Table 9-10 contains a listing of the U-Turn Test 
Data. 

9.3.3 Parking Lots and Garages 

During normal activities of a random route vehicle, particularly a police 
car, the vehicle may be required to enter parking lots and parking garages, pass. 
through alleys, etc. The HI3 random route location subsystem provides accurate 
location data on vehicles in these situations. Where an AVM-equipped vehicle 
enters a parking garage, the storage register in the vehicle maintains the last 
location region code until the unit is turned off. When it is tumed back on and 
driven back onto the street, the vehicle unit picks up a new location region code 
as its current location. 'This fact was demonstrated by driving into the covered 
roadway area on Filbert Street near 8th Street shown in Figure 9-14. At the 
location designated CP 99, the vehicle was parked and the power to the vehicle 
unit was cycled, clearing the location storage register. The vehicle was then 
driven East. CP 98 was entered as the vehicle left the garage to record the 
odometer value. The odometer value at the occurrence of the first location 
region code was also recorded. The resulting data are shown in the figure. This 
data demonstrated the capability of detecting a valid location region code (in this 
case an overlap code), within less than 270 feet after leaving a cO:Q1pletely covered 
garage. It is significant to note that the HI3 AVM system does not require that the 
first location region be a Region 1. The system responds equally well to location 
region created by use of the overlap technique. 

In paragra.ph 9.1.2, it was shown that coverage within a covered garage 
can be easily obtained by placing a HI3 signpost within the covered area. This 
arrangement allows, for example, all cars leaving a fleet vehicle garage to be 
accurately located from the instant their systems are turned on .. 

9 0 3.4 Vehicle Unit Power Requirements 

During special tests conducted in Fort Worth, the Phase I test vehicle unit 
was tested to determine its power drain. The source voltage was 12-5 volts DC 
.;:tnd the total current drawn was 201-212 milliamps, with the vehicle unit operating 
under operational conditions. This resulted in a power drain of 2.59 watts. 
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1.11)1.1 

Cp 017 : 
000 
000 
000 
000 
000 
OO(~ 

CP 014 
00.0 
000 
000 
000 
000 

CP 015 
000 
000 
000 
000 
000 
000 

CP 017 

12 
12 
19 
19 
19 
19 
19 
19 
19 
19 
12 
19 
12 
19 
12 
12 
19 
12 
19 
12 
12 
12 

8th 

TABLE 

10 
10 
15 
15 
15 
15 
15 
15 
15 
15 
10 
15 
08 
15 
OE: 
10 
15 
10 
lE. 
10 
10 
10 

I 
I 

9-10 

Rl 
F:l 
R3 S 
R2 S 
1':3 S 
R2 S 
F:2 E 
F:2 S 
R3 :5: 
1':2 E 
R:;: 1.,1 

1':2 S 
R;:: E 
R2 S 
1"-:' ,~, E 
1"'::0 •• L.. 1.,1 
F."~' '.--' S 
F.: 2 1.,1 
R:;: 1. •. 1 
!~:2 1. •. 1 

F.: 1 
Rl 

I . 

U-TURN 

0 0~:::::94 

0 03434 
0 03726 
0 03812 
0 0:;::=:85 
0 03BBO 
0 03880 
0 03880 
0 O~::::BO 

0 0:::::380 
0 0:;:B80 
0 0:;:B80 
0 0:'::880 
0 0:;:880 
0 0:;:913 
0 0:;:999 
0 04002 
0 04064 
0 000:;::;: 
0 000';'1 
0 00117 
0 (1)::::32 

TEST DATA 

F 00000 T 04 42 
F 00000 T 04 44 
F 00000 T 04 55 
F 00000 T 04 58 
F .)0000 T 05 03 
F 00000 T 05 05 
F 00000 T 05 OE. 
F 00000 T 05 07 
F 00000 T 05 11 
F 00000 T 05 1"" ~, 

F 00000 T 05 14 
F 00000 T 05 15 
F 00000 T 05 18 
F 00000 T 05 19 
F 00000 T 05 24 
F 00000 T 05 2'34 
F 00000 T 1)5 :;:0 
F 00000 T 05 .-.-. -:oc:. 

F 00000 T 05 ~:5 

F 00000 T 05 37 
F 00000 T 05 :;:::: 

F 00000 T 06 04 

EAST L FILBERT 
---I--fl .... ------....J 

I I I 
.. I I DELTA 

r-'l--~ 
I CP99 1 
I CP98 

DETECT 
CODE 

f~ 

IJ<'~' 

A;'? 
49' 

7th 

t 

FIG. 9-14 PARKlNG GARA.GE TEST CONFIGURATION 
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10. SPECIAL PHASE II CONSIDERATIONS 

The HI3 proposals for the Multi-User A VM System were submitted to TSC 
on 14 October 1975. Contract go-ahead was received on 2 September 1976. Dur
in~ this ll-month period and during the period in which Phase I was conducted, 
HI was c~ntinuously involved in specific and general studies which may have a 
direct bearing on Phase II of the Multi-User AVM Program. A number of items 
considered are briefly discussed in this section. 

10.1 RELATIONSHIP BETWEEN PHASE I AND PHASE II El~UIPMENT 

The location subsystem equipment used dUring Phase I tests was func
tionally identical to that proposed for use in Phase n. Specific differences are 
discussed in this section. 

10. 1. 1 Signposts 

The signposts proposed in HI3 proposal of 14 October 1975 were Model 
SP-02 which operated at 27.095 MHz. Phase I tests were conducted through the 
use of Signpost Model SP-03 which operates at 49.860 MHz. Model SP-03 sign
posts are proposed for use in Phase n. Other than minor component replacement 
and new printed circuit board layout with an etched loading coil designed for use 
at 49.860 MHz, no signpost design changes are contemplated for Phase II. The 
loading coil used during Phase I was designed to operate at 27. 095 MHz and was 
modified for operation at 49. 860 MHz. HI3 signposts were connected to batteries 
on 27 September 1976. Except for a two day period during which they were modi
fied to operate at 49. 860 MHz, these 41 signposts were operated continuously 
from that date through 31 March 1977, when tbis report went to press. During 
that 183 day period only one Signpost failure occurred, as discussed in Sub
section 8.2. That failure occurred on the 111th day of operation. 

The design MTBF of the HI3 signpost is 100,000 hours. Operatio!}. of 41 
Signposts for 183 days co:rresponds to 180,072 signpost hours of operation. If, as 
is commonly assumed, a second failure is assumed to have occurred on the 183rd 
day, one computes an observed failure rate of 2 signposts in 180, 072 hours or 
1 failure in 95, 000 hours, very close to the design MTBF. 

10.1.2 Vehicle Units 

During Phase I, a separate Interface Controller Unit (ICU) was used to 
interface the vehicle unit to the computer. In Pha.se II, all functions incorporated 
in the lCU would be incorporated on a single communication interface board with
in the vehicle unit. The primary reason for use of the lCU was to accommodate 
the odometer and fifth wheel inputs. If the odometer is eliminated from the Hla 
AVM system, the communication interface becomes significantly Simpler. Sub
section 10.2 contains the rationale for elimination of the odometer. No vehicle 
unit failures occurred during Phase I. Between random route runs 5 and 6, both 
velliele u.."'lits were found to have erroneov.sly set clock frequencies; however, this 
,was not considered a failure. 
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10.1.3 Auxiliary Equipment 

In Phase I, the CRT keyboard was used to simulate the opening and 
closing of the bus door. In Phase II, this function would be performed by use 
of a door position sensor and direct interface to the vehicle unit. 

10.2 DESIRABILITY OF ELIMINATING ODOMETER 

A number of AVM or AVL systems are currently installed in transit 
systems. These include the CTA in Chicago, and systems in Zurich, Paris, 
Ha'mburg, and London. In each of these systems, odometers are used to deter
mine the distance of a bus along a route from a reference point. The reference 
points are determined either through (1) being manually reset (Paris' SECAMA 
system). (2) use of electronic signposts (eTA, Zurich's VBZ, and Hamburg'S 
HVV) and (3) London's optical inverse proximity system. These systems are 
common to the extent that all use odometers and all are limited to fixed route 
vehicles. In all of these systems, one key cost element is the deSign, develop
ment, installation, and maintenance of the odometer system. 

The development of a true random route AVM system has required a 
Significant departure from the technology utilized in these fixed route systems. 
The HI3 random }t'oute system, for example, can provide· all of the information 
required of a fixed route system; however, the inverse is not true. 

In the in1rerest of making all vehicle units (for use in both random and 
fixed-route vehicles) identical, in terms of location processing, HI3 has conducted 
a study into the cost-benefit of eliminating the odometer. The results of this study 
are summarized below. 

In the Phase II system Originally proposed, only fixed-route vehicles 
would iricorporate the odometer •. In those vehicles, the odometer would perform 
the following two functions: 

a. Accumulate the elapsed distance along the route from the last 
signpost. 

b. Set a flag when the vehicle has traveled 600 feet from the last 
RI. This flag Signifies that the last R1 dropout has occurred. 

Both of these functio:1S can be eliminated by providing complete signpost coverage 
along the fixed route. The advantages associated with this are many, and they 
include 

1. Timepoints may be moved without requiring movement of any 
signposts • 

. 2. All multi-user vehicle unit location processors are identical. 
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3. Non-recurring design costs associated with the odometer system 
are eliminated, 

4. Installation costs of odometer systems are eliminated. 

5. Logistics and maintenance problems associated with the odometer 
are eliminated. 

6, Maintenance and logistics are simplified with the multi-user 
system through increased commonality. 

7. Costs of the additional required signposts are less than the cost of 
providing an odometer system in all fixed-route bases. 

8. Software is simplified. 

9. All signposts in the system are identical; i.e., there are no differ
ences between "random route", "fixed route", or "timepoint" 
signposts. 

10.2. 1 Method of Computing Location and Timepoint Performance Without 
Using an Odometer 

If overlapping Signposts are installed along each fixed route, the loca
tion of fixed route vehicles is obtained in exactly the same manner as is that of 
the random route vehicles. Each location region along the route is assigned a 
pair of X, Y coordinates which are part of the base station data base. Thus, 
receip~ of an 18-bit code location region at the base station allows the bus to be 
located to within the specified system accuracy. 

In the all-signpost system, timepoint performance could be computed 
as often as each new signpost is received. The vehicle would sense a timepoint 
through the signpost code. One approach would be that signposts near timepoints 
would have a logical 1 in the most significant bit. Recall from subsection 3.2.1 
that only the four least significant bits are utilized in determining overlap codes. 
After having sensed a level 1 (Region 1) from a timepoint signpost, a fixed route 
vehicle would record the time at which the next overlap code was received in the 
vehicle. This time would be used in exactly the same manner as the TLRID was 
used during Phase 1. This process is illustrated in Figure 10-1. 

At the base station, predetermined values of ATL would be stored for 
each timepoint and for each direction of bus tl:avel that the timepoint must service. 
For example, if it is assumed that Signpost (71, 8) is used as a "timepoint" sign
post at timepoint 15, then a data base file (TPTABL) would provide two values of 
AT; AT(N) that corresponds to the aV9I-age time required for a bus to travel 

from the timepoint to the TLR1D point when it is heading north and AT(S) that 
corresponds to the average time required for a bus to travel from the time point 
to the TLRID pOint wffin it is heading south. Note that the bus must transmit 
only the ·single TLR1D time (or the time the door is closed), as in Phase I; 
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2M' I " ~ ,.. -, 
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ftl, \ 
(~,II) \ I 

" .... I 

" 

SIGNPOST (71,8) CHAINS WITH SIGNPOSTS (6,S') 
AND (8,8) EXACTLY AS IF IT WERE CODED (7,8) 
SINCE THE 4 LSB'S OF 71 AND 7 ARE IDENTICAL 

BINARY CODED 71--"1000111 

BINARY CODED If ---. 0000111 

FIG. 10-1 USE OF HI3 SIGNPOSTS TO PROVIDE FIXED ROUTE VEHICLE 
LOCA TIO!'! AND TIMEPOINT PERFORMANCE 
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however, it need not store or transmit the 12-14 bit odometer code. Conse
quently, the odometer storage register and all associated odometer logic can 
be eliminated from the fixed-route vehicle units, and the communication tech
nique is Simplified. Furthermore, a significant gain in the flexibility of timepoint 
selection is achieved since timepoints may be selected without requiring move
ment of any signposts. 

10.2.2 Cost Benefit of Eliminating Odometers 

From an economic point of view, the elimination of the odometer from 
the fixed route system is beneficial, particularly as the number of vehicles is 
increased. An analysis of this cost benefit follows: 

1. Non-recurring Costs - These costs are independent of the number 
of vehicles. They include engineering and development c03ts asso
ciated with the odometer system. No additional non-recurring costs 
are incurred by expanding the signpost system. 

2. Recurring Costs - If a cost per vehicle of $40 per installed odometer 
system is assumed and a cost of $70 per installed signpost, one can 
establish the following relationship: 

Delta Recurring Cost = 70NSp - 40NV 

An analysiS of the designatedSCRTD lines 7, 21, 26, 29, 83, and 89 
indicates a total of 70 miles would require signpost coverage. The 
total route miles of all these lines is 102.7 miles; from this distance 
was subtracted the 29.3 miles which occurs within the random route 
area and 3.7 miles which are common to more than one route. The 
installation of a signpost every 1000 feet along this rIO miles would 
require 370 signposts and meet the LS and system accuracy speci
fication at all points along the routes. Thus, for Phase II 

NV = 200 fixed route vehicles 

and 

NSp = 370 signposts 

which results in a total Delta Recurring Cost of $17,900. 

3. Cost Saving - In order to compute the cost saving achieved by eli
minating the odometer, the amount bid in the Phase II cost proposal 
for Fixed Route and Tiroepoint signposts must be subtracted from 
the recurring costs. Since 260 units were proposed, the net re
curring saving is 

$18,200 - 17,900 = $300. 

To this value must be added the saving in no~-recurring cost, 
$10,000. The result is a total saving of $10,300 that results from 
elimination of the odometer, without loss in p·3rformance. 
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4. Additional Cost Savings - Additional areas in which use of a signpost
only system (no odometers) would provide cost savings include: 

a) Training - Simpler system involves less training for 
maintenance. 

b) Maintenance - No in-vehicle maintenance, just replace 
vehicle units. 

c) Spares - Fewer required since all units are identical. 

d) Software - Simpler coding and simpler maintenance. 

e) Quantity buy - More signposts allow per-unit cost savings. 

The inclusion. of this change involves no design changes in the m3 ve
hicle unit used in Phase I since the odometer was accumulated within the ICU, 
not in the vehicle unit. Thus, use of a Signpost-only system during Phase II 
allows the vehicle unit location region processor to be even more identical to 
the Phase I system than originally proposed. :', .-

10.3 FCC REQUIREMENTS AND STATUS OF HI3 EQUIPMENT 

Operation of HI3 signposts Model SP-03 requiJ:es certification by the 
FCC pursuant to Subpart D of Part 15 of the current FCC Rules and Regulations. 
To be certified under Part 15 as a low-power deviee, the Signpost must meet the 
specified technical requirements and be certified through the process set forth 
in Subpart B of Part 15. 

Model SP-03 signposts certification requires that a set of simple measure
ments be taken; however, the calibrated equipment necessary to conduct these 
measurements is not available at HI3. For this reason, HI3 provided test units 
to Approved Test Engineering Laboratory of Chatsworth, California. That labora
tory has provided the technical data necessary for certification by the FCC, which 
has been applied for. 

HI3 has held numerous meetings with FCC personnel with regard to AVM. 
The ru3 AVM system installed at Huntington Beach, California, is certified by the 
FCC under Part 15 under the rules in force at the time of manufacture of that 
27.095 MHz system. In the near future HI3 intends to petition the FCC for a 
nationwide dedicated signpost frequency. We believe such a step would be bene
ficial to the government. 

10.4 FEDERAL, S'rATE, AND LOCAL REQUIREMENTS FOR PHASE II 

Installation of Phase II equipment will involve obtaining permits ~or the 
use of space on existing st::i.'eet light and/or utility poles in the cities of Los 
Angeles, Santa Monica, Culver City, and Beverly Hills, and the County of Los 
Angeles. ,Well over 90 percent of these poles will be in the City of Los Angeles 0 
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HI3 has initiated the process of obtaining pole agreements from the organi~ations 
and municipalities involved. Our success rate in obtaining similar agreements 
from the Cities of Huntington Beach, Los Angeles, Santa Monica, and Vernon, 
California, PaJm Beach, Florida, Fort Worth, Texas, and Philadelphia, 
Pennsylvania has been 100 percent. We have provided engineering data to these 
organizations and demonstrated full compliance with state and FederalOccupa
tional Safety Hazards Act in terms of both equipment and installation procedures. 

10.5 NATIONWIDE MULTI-USER A VM 

Within the confines of a given city or metropolis, ~h~ Hf Multi-User 
A VM System can provide A VM benefits to all potential users within the area, 
regardless of type. Since all users may Simultaneously share the same signpost 
system, proliferation of users does not result in the requirement for additional 
signposts. Different users mayor may not utilize a common commu."lication link. 
Generally, users would utilize their own assigned mobile radiO frequencies. 
Since the great majority of vehicle fleets operate in the VHF or higher bands, the 
spatial distance over which a particular vehicle can be located is limited by the 
achievable mobile radio covera.ge, generally line-of-sight. For example, fre
quencies assigned to vehicle fleets in the UHF band are generally limited to use 
over approximately a 35-mile radius. 

As a result of these limitations imposed by mobUe communications, 
there has been little emphasis on having different cities or metropolises hav
ing a common signpost frequency. For example, a PUD truck which normally 
operates in Los Angeles might be required to operate temporarily in San Diego. 
Unless the truck!s mobile radio was initially equipped to operate at the frequency 
assigned to that fleet in San Diego, it would. not be able to communicate directly 
with the San Diego fleet base station. Therefore, fhe primary reason for having 
signpostsinLosAngeles and Sw Di.ogo operate on the same frequency would be 
one of economies, i. e., common design and comman patts allow reduced costs. 

If, however, a vehicle fleet has the capability of operating inter-city 
or even nationwide, it would be highly advantageous, if not necessary t that all 
such cities be provided with a common-frequency signpost system. Assuming 
that communication with different base stations is available over long range 
(for example at HF), communication to a base station can be maintained, and a 
common signpost frequency would allow the location of such a vehicle to be lmown 
within each city. It is assumed that a vehicle operating in this mode would come 
under the cO:1trol of a local base station upon entry into a coverage area. The 
attainment of this capability by use of a HI3 AVM system operating at 49. 860 MH~ 
is currently achievable without design· change to the location subsystem. Natio:1-
wide operation at 49. 860 MHz is currently acceptable to the FCC .• However~ 
since operation at 49. 860 MHz is on a suffrage basis, it seems reasonable that 
the expansio:1 of a signpost AVM system to many cities would certainly be suffi
cient justIfication for licensing of a single narrow-band dedicated frequency. 
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However, provisions to obtain location subsystem coverage in non
urban areas, especially on long cross-country routes between cities can best 
be achieved through use of a hybrid system which would inccrporate the proven 
economic and technical benefits of the HI3 signpost approach with a wide-area 
A VM system such as Loran. Such a hybrid system would take advantage of the 
useable signal-to-noise ratios achievable through the use of Loran in non-urban 
areas and ~he proven signpost technology in urban areas. 

Major drawbacks to an urban Loran system has always been (1) high 
vehicle unit costs and (2) costs associated with providing some type of augmenta
tion of the Loran system to overcome the signal-to-noise problems associated 
with the urban environment. If Loran is only used for wide-area, non-urban 
cov~rage, then o:lly those vehicles which are required to operate in non-urban 
areas would require the Loran portion of the system. As a result, the cost bene
fits and superior urban operation of the signpost system are provided to all urban 
vehicles as well as those which operate inter-city and use Loran during inter
city operation. Vehicles which operate only cross country or whose locatio:l, 
intra-city, is not of importance, might only incorporate the Loran portion of 
the system. 

The development of a hybrid signpost-triangulation AVM system is not 
new to HI3. In December of 1975, HI3 (then Information Identification, Inc.) 
began the development of a hybrid signpost - AM Phase.AVM System for the 
Justice Department, under contract to The Aerospace Corporation as part of a 
Cargo Security System for PUD trucks. This system involves the use of a triad 
of phase-locked AM stations as a basic source for a triangulation location system. 
Overlapping signposts were also used (1) as a reference for testing the AM Phase 
system and (2) as a means of augmenting the AM Phase system in fade zones. 
This system was successfully pilot tested in Los Angeles, Santa Monica, and 
Vernon, California in the Spring of 1976. A single base station provided control 
of the hybrid A VM system through the use of a shared voice communication 
link in the participating trucking company. 

HI3 is currently under contract to produce an operational Cargo Security 
System to be installed in 40 PUD trucks 9perating in a 400 square mUe area of 
greater Los Angeles including 40 different municipalities in Los Angeles and 
Orange counties. Radio stations KFI, KNX, and KPOL provide the phase locked 
AM carriers and 331 signposts provide location updates and fade-zone augmenta
tion. This system is scheduled to become operational in Jillle of 1977 at which 
time an extensive 12-month evaluation period will commence. 

The purpose of this discussion is to show that the development of a 
hybrid A VM system using Signposts in the cities and Loran in the country is 
not just a concept, for the grounowork has already been carefully laid. Such 
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a system can be developed without technical risk since wide-area, vehicle 
location in non-urban areas through use of Loran is proven and vehicle location 
in urban areas through use of the HI3 signpost AVM is proven. The development 
of a hybrid vehicle unit consisting of plug-in optional modules and the use of 
modular software would allow the use of a considerable amount of existing hard
ware and algorithms and would culminate in a nation-wide system which would 
meet the technical specifications of both urban and non-urban AVM yet not im
pose the costs of nm -urban A VM on the higll percentage of users which operate 
only on a metropolitan basis. 

10.6 HI3 RANOOM ROUTE LOCATION SUBSYSTEM SUPPLEMENTARY ANALYSIS 

In the interest of determining more explicitly the distribution of errors 
for the :I.'andom route configuration of the HI3 location subsystem, the program 
RRTEN was modified to print out the error statistics for all samples obtained 
during Run 6. This procedure resulted in the processing of 8304 samples with 
the following pertinent results: 

50 percent of samples less than: 94 feet. 
95 percent of samples less than: 274 feet. 
99.5 percent of samples less than: 389 feet. 

The overall results are shown plotted in Figure 10-2. The distrlbutio:::J. 
functi(fn is virtually identical to. the composite error distribution obtained for 
2235 pseudo checkpoint samples and shown in Figure 5-16. That curve is re
plotted in Figure 10-2 to illustrate their Similarities. The density function 
which most closely apprOximates the error frequency density appears to be of 
the Ra.ylergh form 

x2 

f(x) =xe -~ , 

although a few errors having a value of zero are observed. 

Other parameters of interest relative to the fIl3 location subsystem are 
the distribution of overlap region sizes. These parameters could not be ex
plicitly determined from Phase I data because the passage of each signpost was' 
not marked and the occurrence of cross-track overlaps partially obscured the 
occurrence of on-track overlaps. However, an approximation to these distribu
tions was obtained by analyzing the listings of recorded data from Random Route 
Runs 6 through 10. The distances from the checkpoints which were located near 
signposts to the first occurrence of Region 2's and Region 3's was determined. 
Of the 5 runs analyzed, 116 such occurrences were observed. Of these, 91 
occurrences involved receiving a region 2 after having passed through a. Region 
1 and 25 occurrences involved receiving a Region 3 after passing through a 
Regio:l 1. 64 occurrences of Regi.on 2 to Region 3 transitions (equivalent to 
Region 2 widths) were also analyzed. The distributions of these three distances 
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are plotted in Figure 10-3. Note that the distance from signpost-to-Region.2 
or Region 3 is half of a region width, since it i.s on one sid e of a signpost where
as the Region 2-to-Region 3 width represents the wid1h of a full region. As a 
result of the presence of cross-trac.l( overlaps at intersections, it was impossible 
to determine widths of Region 3's. 

10.7 SPECIAL PHASE II CONSIDERATIONS 

HI3 has initiated or completed a number of activities which relate directly to 
achieving all cost and schedule milestones on Phase II. For example, HI3 has digi
tized every intersection in the entire Los Angeles basiil and has these on file on 
diskettes at Fort Worth. Computer programs to print these X, Y coordinates 
an? intersection names, delete and add i!1tersections, etc. are currently available 
at m3. Digitization was accomplished ill 'exactly the same manner used by MITRE 
to digitize the intersections in Philadelphia. 

As mentioned in subsection 10.3, the HI3 location subsystem requires no FCC 
license. HI3 !las recently applied for and received an experimental license for use 
of two UHF frequencies in the Los Angeles area for communication between AVM 
equipped vehicles and a base station. Thus, we understand the mechanism and 
timing necessary to obtain all necessary FCC permits. 

As mentioned in subsection 10.4, HI3 has extensive experience in obtaining 
pole agreements from municipalities and utility companies. We have already initiated 
the process in 40 municip3.1ities in Los Angeles and Orange Counties in conjunction 
with the Cargo Security System. Installation of the Signposts for that system will 
be accomplished in April and May of 1977 and although temporary (12 months) this 
will lay the groundwork necessary for proceeding directly with the Phase n pole 
agreements upon go-ahead. Hoffman's Corporate engineering and manufacturing 
facility in EI Monte, California .will be the base of these operatio!1S. 
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PREFACE 

During the winter of 1976-77, four different techniques for automatically 
locating land vehicles were tested in both the low- and high-rise regions in 
Philadelphia, Pa. The tests were carried out by four different companies 
under separate contracts to the United States Department of Transportation, 
Transportation Systems Center. The tests were designed to evaluate the 
techniques for their applicability as location subsystems for automatic vehicle 
monitoring systems. This document represents one of the contractors' final 
report. A summary report on all systems tested is available as Report 
No. UMTA-MA-06-0041-77-2. This report describes the Phase I program 
which involved the installation and test of the Hoffman A VM System. 
Dr. George W. Gruver, the program director for Hoffman, prepared the 
report and personally conducted most of the testing. Ron Waits developed 
all of the program software and processed the test data. Jerry McKinney was 
in charge of the location and test equipment deployment and also performed 
most of the driving during formal tests. 

We want to thank all of the technical, program, and contract personnel 
at the DOT. In particular the personnel in the offices of Messrs Blood, Symes, 
and Nelson were very helpful and enthusiastic. A special thanks is given to 
Bernie Kliem, our technical monitor and Joe Herlihy, who helped monitor our 
test. Also, Mr. Jack Ludwick of the Mitre Corporation helped make our 
software task much easier. We would also like to thank the many people in 
the City of Philadelphia who assisted us in deploying and housing our equipment • 
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1. INTRODUCTION 

The application of Automatic Vehicle Monitoring (AVM) to enhance the 
management of mobile resources has, in recent years, become a subject of con
tinued interest to all types of fleet vehicle operations. Transit, police, cargo, 
and mining operations have been involved in the development of AVM systems 
and are currently gathering data pertinent to quantifying the cost/benefits of 
AVM in a variety of commercial and service operations. 

The United States Department of Transportation (DOT) has been interested 
in AVM for nearly a decade; this interest being directed, in particular, to im
proving transit and para-transit management activities. Under the sponsorship 
of the Urban Mass Transportation AuthOrity (UMTA), the DOT is currently attempt
ing to quantify the improvemmts which AVM can provide to transit, para-transit, 
and other types of fleet operations. This report contains the interim results ob
tained by Hoffman Information Identification Inc. (HI3) of Fort Worth, Texas, as a 
contractor to the Transportation Systems Center of the DOT on the UMTA Multi
User AVM Contract DOT-TSC-1237. This reQort covers the activities of Phase I 
which involved the installatton and test of a HI3 A VM System in the City of 
Philadelphia during the winter of 1976-1977. These tests represent the most 
extensive tests ever performed on an AVM system which can locate vehicles vmich 
operate either as fixed-route vehicles (transit) or as random-route vehicles (police, 
para-transit, taxi, etc.) • 

Volume I of this report contains a description of all test configurations. 
test procedures, location algorithms, data processing, and test results. This 
Appendix . contains the test log sheets, test data and detailed data processing 
results corresponding to all Phase 1 tests. 

Section 2 of this Appendix is an executive summary of the Phase I 
program. Section 3 contains pertinent random-route data and data processing 
results. Section 4 contains fixed-route data and data processing results • 
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2. EXECUTIVE SUMMARY 

In September 1976, the Transportation Systems Center of the U. S. 
Department of Transportation entered into contracts with four companies for 
the design, development and deployment of a multi-user Automatic Vehicle 
Monitoring (AVM) System which can be deployed in any city. Hoffman Infor
mation Identification Incorporated (HI~) of Fort Worth, Texas, a wholly owned 
subsidiary of Hoffman Electronics Corporation, was one of these four companies. 
The program, sponsored by the Urban Mass Transportation Administration 
(UMTA) is referred to as Multi-User AVM since it is intended to provide AVM 
benefits to a multiplicity of users, including those fleets of vehicles which gen
erally travel ou fixed rO'.ltes (tranSit) and those which may travel random routes 
(taxis, para-transit, dial-a-ride, police, pick-up and delivery, etc.). 

The objectives of the Multi-User AVM program were to design, imple
ment, and operate a multi-user AVM system in Los Angeles for the purpose of 
making a quantitative evaluation of AVM effectiveness, first for transit and para
transit, and second for other A VM users. From the outset, the program was 
divided into two phases. Phase T, which Hoffman completed 0:1 28 February 1977, 
involved the demonstration and test 'Of each contractor's vehicle location sub
system in Philadelphia, Pa. Phase II, which will be performed by one of the 
fO'.lr contractors, will include the deSign, development, implementation, test, 
and operational support of a modem transit management system using a reliable, 
economical A VM system. The Phase II program will be conducted in conjunction 

. with the Southern California Rapid Transit District (SCRTD) and other users, 
to be specified, in the Los Angeles area. The primary objective set for Phase I 
was that of quantifying through formal controlled tests, the ability of each contrac
tor's A VM system to meet specified vehicle location and bus time-of-passage 
requirements • 

The results presented in Volume I of this report show that the HI3 AVM 
system proposed for Phase II can provide a transit dispatcher with the location 
of all buses to within an accuracy of 105 feet 95 percent of the time. The average 
error in bus location was less than 50 feet for all Phase I tests. As an aid to 
providing improved service through adherence to schedule. the HI3 A VM system 
can provide the time-o!:-passage of buses to within 11 seconds for 95 percent of 
the occurrences in which the bus fleet passes predesignated "timepoints." The 
average time-of-passage error for Phase I was 3.9 seconds. The same HI3 
A VM system can provide a dispatcher with the location of each unit of a fleet 
of random route vehicles, e. g., police, taxi, etc., to within 282 feet 95 percent 
of the time. 

The overall goal of HI3 during Phase I was to demonstrate the reliable 
and accurate performance of the HI3 nationwide A VM system under conditions 
to be expected in tile operation of a multi-user AVM system in any city in the 
United States. During previous UMTA AVM develop::nent programs, beginning 
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in 1970 with the "Monitor CTA" and including tests of several different location 
techniques in Philadelphia in 1972, UMTA and TSC developed a high degree of 
understanding of the requirements for a multi-user AVM system. In establishing 
the Statement of Work for Phase I, these requirements were translated into an 
explicit se~ of vehicle location test requirements. In response to these require
ments, HI prepared a Location Subsystem Test Requirements Plan which formed 
the basis for all Phase I tests, data processing and analyses. 

Phase I tests were divided into two primary categories: (1) random route 
tests, and (2) fixed route tests. Volume I of this report is organized in the same 
order in which HI3 tests were conducted. A third category involved special case 
tests. These tests were conducted at various times throughout Phase I in Fort 
Worth, Texas, and in Philadelphia, Pa. 

2.1 HIS AVM TECHNIQUE 

HI3 proposed to use a direct proximity signpost A VM system during 
Phase II and all Phase I tests were conducted throllgh the use of Phase II sign
post system. As illustrated in Figure 2-1, the HI3 AVM system receives basic 
location information, in the vehicle, as a result of the vehicle equipment receiv
ing di.gitally coded RF transmissio'lS from electronic "signposts." Each signpost 
transmits a unique 16-BIT code which represents an address (or an X, Y coordi~ 
nate) in the city analogous to visual street sign identification. The vehicle's 
proximity to one or more of the signposts results in a simple location region code 
being stored in the vehicle. This location region code is transmitted to the base 
station over a mobile radio under base station computer control. At the base 
station, a simple table look-up by the computer determines a unique street 
address or X, Y coordinate pair as the vehicle's current location. 

HI3 signp::>sts are battery powered and transmit at a frequency of 49.860 
MHz. As a result of the extremely low power output requirements, they may be 
operated without a license as low power devices under Part 15 of the FCC rules. 
The use of lithium. batteries provides a 7·40 year operating lifetime without 
battery replacement, and this is achieved over the temperature environment from 
-55 to 175 degrees F. 

When installed in a city, all users (transit, para-transit, taxi, police, 
pick-up and delivery, etc.) Simultaneously share the use of the HI3 signpos t 
system. This is illustrated in Figure 2-2. Although a number of companies 
have proposed the use of signposts, a lmique feature of the HI3 approach is the use 
of overlapping signposts to create additional location regions, thereby reducing 
the number of signposts required to achieve a specified location accuracy within 
a given area. 

The overlap technique has been previously testeQ by HI3 in Los Angeles 
as part of the C~rgo Security System and an overlapping Signpost AVM system 
developed by HI is currently operational in the Hlmtington Beach, California 
Police Department. Although proven during those two programs, the UMTA 
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Phase I test program required the most comprehensive demonstration of the HI3 
overlap technique to date. The results obtained proved conclUSively that the HI3 
AVM system proposed for Phase II can meet or exceed all of the location 
subsystem and system level specifications set forth in the UMTA Multi-User 
AVM Specification. In addition, the HI3 AVM system is a nationwide system 
and can be operated in any city (where 99.99% of users operate) and can be inter
faced with a Loran receiver for special "over the road" applications. The nation
wide feature is a result of the use of 49.860 MHz which is applicable throughout 
the United States. 

2. 2 PHASE I TEST PROGRAM 

The Phase I test program involved the installation of a HI3 AVM loca
tion subsystem in Philadelphla to provide random-route coverage of an area 
and fixed-route coverage of a simulated bus route, The area and the route were 
selected by TSC. The location subsystem was to provide a basic location accuracy 
of at least 300 feet at 95 percent and 450 feet at 99.5 percent of all locations in 
the random route coverage area and along the specified fixed route, In oreer to 
establish the performance of the HI3 location subsystem, a test vehicle, in which 
was installed a HI3 A VM vehicle unit, was repeatedly driven over routes selected 
by TSC while recording on cassettes every half-second, the output of the vehicle 
unit location register. During each test run, manual event markers were used to 
mark (record on cassette) the passage of physical landmarks called "checkpoints." 
Checkpoints were designated by TSC after installation of the location subsystem 
was co~plete. The X, Y coordinates of fuese checkpoints become the reference 
against which the performance of the AVM system was measured. During off-line 
data processing, the radial error between theX, Y coordinates of the checkpoint 
and the X, Y coordinates as computed through use of the A VM technology was 
computed. For example, during each of 10 random route test runs, each of which 
was over 11 miles in length, the passage of 62-63 checkpoints was recorded. All 
information necessary to compute the X, Y coordinates of the vehicle, as deter
mined by the AVM system, were also recorded on cassette, At the end of 10 
such runs, the cassettes were processed to determine the location error at each 
point. The processing was identical to that proposed for Phase II. 

Fixed route tests involved the same activities as random route tests, 
however, an odometer was used to determine the vehicle's location along the 
fixed rO'.lte after being automatically reset at signposts spaced approximately 
one mile ap,ut along the route. In addition to the maiking of TSC checkpoints, 
manual entries were made to document pass age of the vehicle by "timepoints" 
which were deSignated by 'ISC to represent typical transit route timepoints. 
Further, the opening and closing of the door was simulated at apprOximately 
one-half of the 15 timepoints on. each of 33 fixed route test runs. During off-line 
proceSSing, the location errors and the errors between the actual time of passage 
by each timepoint and the time of passage estimated by use of the A VM system 
were computed. The AVM system was to determine the time of passage of the 
vehicle at timepoints to ~15 seconds for 95 percent and ~60 seconds for 99.5 
percent of all such occurrences. 
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A total of 10 random route test runs were performed. This >:esulted in 
622 checkpoint samples at which location errors were computed. When these 
same data were also processed through an AVM system simulation a total of 
2235 samples were obtained corresponding to 1 sample every 20 seconds during 
the 10 runs. This simulation included the injection of communication errors 
into 5 percent of the samples. The HI3 Phase II technique for detection and 
correction of these errors was simulated. Two different random routes were 
traveled involving passage through tunnels, along narrow streets through high
rise "canyons" and along wide boulevards. All tests were conducted under 
normal traffic conditions in downtown Philadelphia. A TSC Monitor was in the 
test vehicle during all tests. 

A total of 33 fixed route test runs were performed over a 13 mile route. 
Each test provided data at 76 checkpoints and 15 timepoints. When processed 
through the AVM system simulation, a total of 7459 pseudo checkpoint samples 
were obtained. 

Formal demonstrations of the ~ AVM system were conducted in 
Philadelphia. ott. 15 and 28 December 1976 for UMTA personnel and their guests. 
These demonstrations involved operation of the HI3 test vehlcle in the random 
route area with 6-8 observers 0:':1 board. All such demonstrations involved opera
tion as a random-route vehlcle with the vehicle location being provided in a real
time on the on-board CRT. All demonstrations were 100 percent successful. 

2.3 TEST RESULTS 

All random route and fixed route data taken during the Phase I tests were 
processed by HI3 to determine the AVM systems performance. Da.ta proces3:ing 
was performed off-line using an exact simulation of the proposed Phase II 
location subsystem and A VM communication system. These data show conclu
Sively that the HI3 A VM system. can meet or exceed all performance criteria set 
for Phase IT. These results are summarized in Table 2-1. 

Figure 2-3 coniains cumulative error distributio~lS of random route and 
fixed route test data results. When translated into an operational system for 
random route vehicles, these data indicate that under similar urban conditions, 
a police dispatcher would know, with a 95 percent confidence level, the loca
tion of each and every AVM-equipped vehiclil to within 282 feet. Similarly, the 
fixed route data indicates that a bus dispatcher would have at his fingertips the 
location and schedule performance of every bus on all routes to within 105 feet 
and to within 11 seconds at a 95 percent confidence level. The application of 
this information to providing increased service, improved respons~ tUne, 
better schedule adherence, etc., forms the basis for the entire Phase ]I 
program. 
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TABLE 2-1 SUMMARY RESULTS OF PHASE I TESTJNG 

r-----------------.---------------------~------------__r_---------~ 
LOCATION SUBSYSTEM LOCATION ACCURACY: I 3 

Random Route: 622 samples 

95% of samples less than 
99.5% of samples less than 
Average error, all samples 

Maximum Average Error Over One-Tenth 
Mile Segment 

Fixed Route.; 2313 samples 

95% of all samples less than 
99.5% of all samples less than 
Average error, all samples 

Maxim~ Average Error Over One-Tenth 
.Mile Segment: 

A VM SYSTEM LOCATION ACCURaCY: 

Random Route: 2235 samples 

95% of samples less than 
99. 5% of samples less than 
Average error, all samples 

Fixed Route: 7459. samples 

95% of samples less than 
D9.5% of samples less than 
Average error, all samples 

Specification HI Results 
(feet) \ (feet) 

300 
450 

450 

300 
450 

450 

300 
450 

300 
450 

Specification 

242 
461 

91 

315 

107 
156 
50 

256 

282 
464 
114 

105 
188 
48 

HI3 Ret'l'Its 

I A VM TIMEPOINT PERFORMANCE: 451 samples 
(seconds) (seconds) 

95% of samples less than 
99.5% of samples less than 
Average error 
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60 

11 
24 
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3. RANOOM ROUTE 

3.1 RANDOM ROUTE TESTS 

3. 1. 1 Random Route Log Sheets 

,During each test run, a log sheet was filled out describing the test con
ditions and any anomalies observed during the test run. Test log sheets for 
Random Route Runs 1-10 are contained in this subsection . 
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TEST DATA LOG 

TEST RUN No. __ l _____ _ 

TYPE OF TEST: flAkd ON? ~O"- te 

BRIEF NARRATIVE DESCRIPTION OF TEST 

;Jo RIl/Af J)UJZI;J~.:, i<'I.fN 

ROUTE IDENTIFICA'l'ION: 

SHEET NO. _,_ OF ~ 

DATE: /;) - 7-74 57"A,cr 1511/ 
. ClOMf'., /71;; 

mSH .J../oiJJ?- /t2,4.FFI6" j.()lf/5r.l!eE'73. /!P/,/zpx S-o"F 

EVENT MARKER NUM:BER: .:J - '3 /"" O/l..c:!.-e If...: 
C':P,:)CJ i,.-{/5jJr M,lfIZ/t:el2 !--ItT PAge} (f1f'(.J'?!N.. 75"') tA'eJ. 'E£' "'0 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :,_--=:..;1."'--__ 

VEHICLE UNIT THRESHOLD LEVELS: 1 -S-'.I8..,2 -72J8th 3 - 'i:J. dfln.. 
ODOMETER CAL: cr, 1 FPP_:<'_5TH WHEEL CAL X FPP _.:...X-,-__ 

Rl DROPOUT SWITCH: Off/On "-F-f 'OTHER : 

TEMPERATURE: tl'" PRECIPITATION: c.1~~,.. ROAD CONDITIONS: We-T· 
TEST TAPE NO(S). I-I ; /-:c- FII.JE NO. 1 ". H.n .... 

SAMPLE RATE: 0, ~ ;;; ~ ._ 1 /...1 _ 
TEST DIRECTOR YV'/~' 

RUN TIME: I ~()",.. ~i /lI\i,J , TSC MONITOR _lJ :1'\. b 
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TEST DATA LOG 

TEST RUN NOo __ --"-:L-'---__ _ 

TYPE OF TEST: I-/rrf.fmAJ t,.,.,Jom To~ -f~ 

5jAQltM£': 173S" 
SHEET NO. _,_ OF -.L-€AJ7:J liM£"- 1&'4<1 

DA TE: I 'J. ~ 7 - 7 , 

BRIEF NARRATIVE DESCRIPTION OF TEST ffM? -17 ~ 
~~~--~----------------------

17"-"( I 1__ .-? c A -J2 
~~/Z.. -&wi .. )z-;,:'E£(S 1-re/" 

ROUTE IDENTIFICATION: TS c. fA. ("';"'.a, ,., 

EVENT MARKER NUMBER: 1-' 3 -,~ OB-OGii'Q.. -"'0 e:;e(l.etl.<:. • ..., e,..n't' 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :,_,,:;,~=---__ 

VEHICLE UNIT THRESHOLD LEVELS: 1- 5"9J4.2 - 7 ~JZ"",3 -3:Jdh 
ODOMETER CAL: ~~1 FPP~5TH WHEEL CAL)(... FPP __ ")( ____ _ 

R1 DROPOUT SWITCH: Off/On Ofk '01'HER: 

TEMPERATURE: 4S·" PRECIPITATION: tJOo\l>; ROAD CONDITIONS: We.'-I-----
TEST TAPE NO(S). ,,-/ :J. -:L FILE ~O. .,. .... " 

SAMPLE RATE: __ ~()..:..,..:;.{"____ I f~ 
TEST DIRECTO~ <~~ n.t ~~'~: . 

RUN TIME: I t\rl.::· .1.~"'f,J. TSC MONITOR ~ .A~. 
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TEST DATA LOG 

TEST RUN No. __ 3 ___ _ SHEET NO. 
;'41l? ~O /ir;t. 

OF_'_~ ~ J(Jo~ 

DATE: I ~ - '"1-1 k 

BRIEF NARRATIVE DESCRIPTION OF TEST ______________ _ 

ff-MP L.Jb t:> @ 1~l..B 

,. 

ROUTE IDENTIFICATION: T S L ~ r \ ~&\ v-v" 
--~-~~·~~~~a~----·------------

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :_..<.:~~ __ 

VEHICLE UNIT THRESHOLD LEVELS: 1-".142 - 7;;z..J4 .... 3 -11:) c/ ~ 
ODOMETER CAL: 11 7 FPP ~5TH WHEEL CAL x.. FPP _)(~ __ _ 

R1 DROPOUT SWITCH: Offmo. O,f~·OTHER : 
TEMPERATURE: Lf:£' PRECIPITATION: I}fAJff~ ROAD CONDITIONS: Af.ti: 
TEST TAPE NO(S). ~ -( " 3'" I FILE NO. I ......... -

SAMPLE RATE: 0 . ') ;;> 

TEST DffiECTOR ~l· ~. RUN TIME: / AoA.1""" 1@t,;V /7/ 
TSC MONITOR . J. If. ~ 

.. 
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TEST DATA LOG 

TEST RUN NO. ___ L( __ _ SHEET NO. I OF I 

TYPE OF TEST:/::t DATE: / 1...-7-7 '-

BRIEF NARRA TIVE DESCRIPTION OF TEST._e.-;:~·N."",-, -=-r_-=S;;...:.T~/h~-£::!./_.:....:'o~_·:.:::?.!:==--_6...:..N:.::.{)::.:.......:.:....:2.;../-=S...::O==-

ROUTE IDENTIFICATION: 1- 5 c.. ?~ \b:;;b 

EVENT MARKER NUMBER: I ~ , 1..........;. .IJ...L4 .J.<i'e«A 
i1 ME"- 21 A,.1'AJ 1; S"ff Ar {?,).-~ :;2f,~%t:.d c',p. 2& TM'G LFY CAR 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ,;e. 
'-..!!:.-=-~--

VEHICLE UNIT THRESHOLD LEVELS: 1 -S'lIfk.2 -7) IiJtft 3 - ~J1Ij$~ 

ODOMETER CAL: C; 9 7 FPP_2._5TH WHEEL CAL >< FPP _A.-..?-. __ _ 
Rl DROPOUT SWITCH: Off/On O}A 'OTHER: " ~ TEMPERATURE: If 5 PRECIPITATION:~ ROAD CONDITIONS:,-:...M..::;tvr=--__ 

TEST TAPE NO(S). 't ' I ,. 'f -1-
SAMPLE RATE: 0"" 7 

RUN TIME: \ H-l.- ZS HI .... · 

FILE NO.,_....!.-____ · ,_. _._._,._. __ 

TEST DffiECTOR »»~?-t .. /~. 
TSC MONITOR """\:; W ,1\', l<l~ 
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TEST DATA LOG 

TEST RUN NO. 5 SHEET NO. _1 __ OF I 

DA TE: I\.- i -1 4. . TYPE OF TEST:A~ ~~ 
BRIEF NARRA TIVE DESCRIPTION OF TEST_=g...LL-<-~!.L..B-=T_...:...~..:..;/~,s~t,~....::6=IfI-,-,P=:...-~;z.:=!~::::....::..,"...!..7_ 

feMP 4/l>"c 

ROUTE IDENTIFICA TION :--'--,-\-~-,(-e+-~oC.>~=-"-:'---;'_---________ _ 

) 

EVENT MARKER NUMBER:_ .. I----=~_'!,...:...._.:-:..::4'-:::..:-..:. .. _=.t::::::~IC!IIIo~=<.J;!.----------

6 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ~ -----
VEHICLE UNIT THRESHOLD LEVELS: 1-("f'L2-1Jcl/J~ 3 - WltJ~ 
ODOMETER CAL: 1'4 '1 FPP~5TH WHEEL CAL t FPP --,-x.~ __ 
Rl DROPOUT SWITCH: Off On Q 'OTHER : 

TEMPERATURE: ./}./1/;:; PRECIPITATION. ROAD CONDITIONS: tAJ .l5t=. 
TEST TAPE NO(S). 5-1 tMd ~ -:l- FILE NO. , .... . .. -.. '" 

SAMPLE RATE: 0,5 ~II'M I 
TEST DIRECTOR fr-4 I ~ 

RUN TIME: 1 ~~ l ~ -'--''''--''----¥---J...:...,,-/J-_---

TSCMONITOR~.-A.. l~ 
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TEST DATA LOG 

TEST RUN NO. __ -,b5io!-__ SHEET NO. / OF ~ 

TYPE OF TEST: 1f~ ~ (~) 
BRIEF NARRATIVE DESCRIPTION OF TEST 

DATE: / f). -/ c{-7G 

------------------------

ROUTE IDENTIFICATION: TSC, ~~ ~~ ~ 

P7'-_~ ___ 

EQUIPMENT UTILIZED! ES CONDITION: VEHICLE UNIT NO. :_~ __ _ 

VEHICLE UNIT THRESHOLD LEVELS: 1 -f"1.J1J"2 -7~rLq,.,.. 3 - ?7-itg."... 

ODOMETER CAL: 9 '19 FPP~5TH WHEEL CAL I( FPP _-=-.-\~ __ 
Rl DROPOUT SWITCH: Off/On Oft :OTHER : 

TEMPERATURE:JSO PRECIPITATION: I\l ClN~ ROAD CONDITIONS: ':P)-'1 
TEST TAPE NO(S). 6-/ ~b-Z. FILENO. 1 ......... .. 

SAMPLE RATE: 0 .. 2" ~~.L~ TEST DIRECTOR . v"v;" .. . 
RUN TIME: II" ItJAI«I,. ~ 

TSC MONITOR '~.J, ~ 
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TEST DATA LOG 

TEST RUN NO. t:, SHEET NO. ~ OF ~ 

TYPE OF TEST: ~~,(~) DATE: I "l.-l"'-"l .(. 

BRIEF NARRATIVE DESCRIPTION OF TEST ________________ _ 

ROUTE IDENTIFICATION: 75"c. (lq".:;(:, (~) 

EQUIPMENT UTILIZED/TEST CONDI'IJON: VEHICLE UNIT NO. : ____ _ 

VEHICLE UNIT THRESHOLD LEVELS: l-~ 2 -')2.. 3 __ -.... ':-"\..-"--__ _ 

ODOMETER CAL: '1"',"\ FPP~5TH WHEEL CAL~ FPP _,, ___ _ 

Rl DROPOUT SWITCH: Off/On 11 'OTHER : 

TEMPERATURE: PRECIPITATION: ROAD CONDITIONS: ____ _ 

TEST TAPE NO(S). t, I -...J. 6~ "L FILE NO. _________ _ 

SAMPLE RATE: o,c;-- ~ f" /~ A_ 

TEST DIRECTOR . W ~ 
RUN TIME:_ ~ I 

TSC MONITOR JJ,/Pl(/ It": //. ItL··w 
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TEST DATA LOG 

TEST RUN NO. 7 SHEET NO. _'_ OF I 

TYPE OF TEST: ~ ~~ DATE: /'l-/f'-7' 

BRIEF NARRATIVE DESCRIPTION OF TEST, ________________ _ 

ROUTE IDENTIFICATION: 1"5'<:.. /4-.:;b (~ ~) 

EVENT MARKER NUMBER: I -, ') ~ ~ 

EQllPMENT UTILIZED/TEST CONDITION: VEIDCLE UNIT NO. :, __ , __ _ 

VEHICLE UNIT THRESHOLD LEVElS: 1 -f1J4.2 -'l'J.J.L..3 -j-"J6",... 
ODOMETER CAL: 11' FPp~5m \VHEEL CAL~FPP --~.1-..,.--

Rl DROPOUT SWITCH: Off/On O~ 'OTHER: ' 

TEMPERATURE: j yo (1 PRECIPITATION: '#'IY(,ROAD CONDITIONS: 1>",-> 
TEST TAPE NO(S). 7 - t ~ 7-2.. FII"E NO 1 ' . ... ..... " , ' 

SAMPLE RATE: " 2 ~ L~ / • TEST DIRECTOR~~ ~:..;' --... f'""7 ' 
RUN TIME: I~; :/iJ.Mf""'" J ~-+ 

TSC MONITOR <"'J' 7i>m, 7 !. 7.4 }(... tL ~Z,1 

hl r','7 ' 
" i \ f\ I' ~', 
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TEST DATA LOG 12. CJ 0 

14 C') 

TEST RUN NO. 8 SHEET NO. _1_ OF __ 

TYPEOFTEST:~& .. .i..IH--.~ DATE: /'2-1'1,7' 

BRIEF NARRATIVE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICATION: TSC. ~ (~) 

EVENT MARKER NUMBER: /-b?. .......... ~ 

EQUIPMENT UTILIZED/TEST CONDITION: VEIllCLE UNIT NO. : __ {'--__ 

VEHICLE UNIT THRESHOLD LEVELS: l-rlJ6.. 2-7,.J&t..... 3 - f-z.J&"" 
ODOMETER CAL: ~7 '':' FPP -=-5TH WHEEL CAL )i.. FPP _,_>< ___ _ 
Rl DROPOUT Sv:;TCH: Off/~·OTHER.: 

TEMPERA TURE: '3' ~ ~rpRECIPITA TION: !oJ.) "" C: ROAD CONDITIONS:--.-;D~R_'1 __ _ 

TEST TAPE NO(S). a j, e--J.. «i ~ 2. ~-r--'-{-' _. --.-~ __ _ 
SAMPLE RA TE: (:J. " 

RUN TIME: 11/2.. - 2. ~~ MIN 

"I) I S ( 1\ oJ c G ') - 4 l ~ '1 

TESTDIRECTOR~~==~~~~~~~:=L

TSC MONrroR':--=-~=:........:..:._.._..:...::;=::.I..M~~--
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TEST DATA LOG 
14 Le.' 
j"1;"- ")-~ 

TEST RUN No., __ 4-'t. __ _ 

. TYPE OF TEST: ~<l...-~~ 
SHEET NO. , __ OF _I _ 

DATE: Il..- I'-Fllo 

BRIEF NARRATIVE DESCRIPTION OF TEST ____________ _ 

ROUTE IDENTIFICATION: T?'C k.;;:{; ~) 

EVENT MARKER NUMBER:,--,-I_-...;;b,-:l-~...::.....t..+'\..-="~-JiL~-=.IOC:::::::""'-:: ____ -:-_-:-: ___ _ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. : __ 1 __ _ 

VEHICLE UNIT THRESHOLD LEVEL'3: l.~&e. 2- 7 2.J6-.3 - t"2-J ~ 
ODOMETER CAL: B"7 '3 FPP ~5TH WHEEL CAL ~ FPP _.;;:,< ______ _ 
Rl DROPOUT SWITCH: Off/On ~ :OTHER : 

TEMPERATURE: :'5~{·r.;:. PRECIPITATION: Nv";c ROAD CONDITIONS: D~'f 
TEST TAPE NO(S). '1-l ~tr-2. FIIJE~ .. NO~ .. ~ ........... . 
SAMPLE RATE: 0 . S-. .-...:;.....r. ____ TEST DIRECTOR '40 . ... . 
RUN TIME: 1 \-\ Q. - IS' t'\ Il'{' 1/ 

TSC MONITOR '?/:, I< (.!) t:·"I. /1~ L (( /'1 
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TEST DATA LOG 

TEST RUN NO. /0 SHEET NO. _1_ OF 

TYPE OF TEST:~~~ DATE:,_/_:J_~_~...;.-J._'.I. ____ _ 

BRIEF NARRATIVE DESCRIPTION OF TEST _________ . _____ _ 

ROUTE IDENTIFICATION: ,7f"c.. fl.u..::::6 a'~) 

EVENT MARKER NUMBER:-!./_-7b=-.:...-~~~~-=---:w-~-=-=.:==--=-------.-----,----,..--

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :-'-1 ___ _ 

VEHIC~E UNIT THRESHOLD LEVELS: 1-51J6 ..... 2 -12<it>.... 3 -i.2d ~. 

ODOMETER CAL: 170r FPP~5TH WHEEL CAL x.. FPP X 
~----

RI DROPOUT SWITCH: Off/On ~'OTHER: __ . _____ ----

TEMPERATURE: j{,O PRECIPI':'ATION: Ud"'t.. ROAD CONDITIONS: 12"'!J 
TEST TAPE NO(S). 10-\ e.--J-IO-L FILENO. I "" I··· 
SAMPLE RATE: 0 .5 . U Lf U . 
RUNTIME: I&t. IJtIt!lAJ . TESTDIRECTO.~,~ . /!~. 
'DIS~C~ q~ "'~O TSCMONITOR :'~(;2n<L&J. ·./tC~nl 
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3.1. 2 Random Route Test Data 

This subsection contains a complete dump of the data recorded during 
Random Route Run 7 and the first page of 111e similar dumps of Runs 1-6 and 
8-10. Only those records which contain (1) a change in signpost region code 
or (2) an event marker are shown in these dumps. A complete dump of every 
record of Run 4 fills 218 pages. 
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• L CT 0: DUt1PUt1. LDA t 
.ST14156 ~ 
RUN 001 SAMPLE RATE 00.5 YEAR 76 MONTH 12 DAY 07 HOUR 15 MIN 41 

FIFTH WHEEL FEET/PULSE 0002 
TA 064 00 00 Rl /0 

000 06 12 Rl . 0 
CP 001 06 12 Rl 0 

000 06 12 R2 N 0 
000 06 12 R3 N 0 
000 08 12 R2 S 0 
000 08 12 R3 S 0 
000 08 12' R2 S 0 
000 08 .12 R2 N 0 
000 08" 12 Rl 0 
000 08 12 R2 N 0 
000 08 12 R2 S 0 
000 08 12 R2 N 0 
000 08 12 Rl 0 
000 08 12 R2 N 0 
000 08 12 Rl 0 
000 08 12 R2 N 0 
000 08 12 Rl 0 
000 06 12 R3 N 0 
000 08 12 Rl 0 

TA 045 08 12 Rl 0 
000 08 12 R2 W 0 
000 08 12 R2 N 0 
000 08 12 R2 W 0 
000 08 12 R3 W 0 
000 15 16 R2 N 0 
000 08 10 R2 E 0 
000 15 16 R2 N 0 
000 08 10 R3 E 0 
000 08 10 R2 E 0 

TA 044 08 10 R2 E 0 
000 15 16 Rl 0 

CP 002 15 16 RID 
000 15 16 R2 S 0 
000 06 12 R3 W 0 

TA 063 06 12 R3 W 0 
000 06 10 R2 E 0 
000 06 10 Rl 0 
000 06 10 R2 E 0 
000 06 10 Rl 0 

CP 003 06 10 Rl 0 
000 06 10 R2 W 0 
000 06 10 Rl 0 

CP 004 13 15 Rl 0 
000 06 10 R3 W 0 
000 06 08 R2 E 0 
000 06 08 Rl 0 

TA'060 06 08 Rl 0 
TA 050 06 08 Rl 0 

ODOMETER FEET/PULSE 0002 
00000 F 00000 T 02 39 
00076 F 00000 T 03 07 
00189 F 00000 T 03 50 
00271 F 00000 T 03 59 
00338 F 00000 T 04 06 
00360 F 00000 T 04 09 
00368 F 00000 T 04 10 
00406 F 00000 T 04 14 
00483 F 00000 T 04 ~6 
00483 F 00000 ~ 04 31 
00483 f 00000 T 04 34 
00485 F 00000 T 04 54 
00487 F 00000 T 04 56 
00487 F 00000 T 04 57 
00487 F 00000 T 04 58 
00487 F 00000 T 04 59 
00487 F OOOpO T 05 02 
00489 F 00000 T 05 04 
00507 F 00000 T 05 09 
00513 F 00000 T 05 10 
00546 F 00000 T 05 17 
00652 F 00000 T 05 30 
00693 F 00000 T 05 35 
00705 F 00000 T 05 36 
00712 F 00000 T 05 37 
00730 F 00000 T 05 41 
00731 F 00000 T 05 42 
00741 F 00000 T 05 48 
00751 F 00000 T 05 50 
00754 F 00000 T 05 50 
00764 F 00000 T 05 52 
00777 F 00000 T 05 55 
00922 F 00000 T 06 11 
00937 F 00000 T 06 13 
01134 F 00000 T 06 44 
01137 F 00000 T 06 45 
01197 F 00000 T 06 54 
01242 F 00000 T 06 59 
01252 F 00000 T 07 00 
01262 F 00000 T 07 01 
01362 F 00000 T 07 11 
01480 F 00000 T 07 26 
01485 F 00000 T 07 26 
01602 F 00000 T 07 43 
01610 F 00000 T 07 44 
01712 F 00000 T 07 55 
01740, F 00000 T 07 58 
01821 F 00000 T 08 21 
01986 F 00000 T 08 48 
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.L CT I): DUt1PUM. LDA 

f~ .sr 14156 

".. RUN 002 SAt1PLE RATE 00.5 'tEAR 76 t1Ot'ITH 12 DAY 07 HOUR 17 MIN 31 

FIFTH I.dHEEL FEET/PULSE 0002 DDOt'lETER FEET/PULSE 0002 
000 04 12 R3 N 0 00171 F 00000 T 00 37 
000 00 00 R1 0 00000 F 00000 T 00 47 

TA 064 00 00 R1 0 00000 F 00000 T 00 54 
000 J 06 12 Rl 0 00115 F 00000 T 01 21 

CP 001 06 12 Rl 0 00199 F 00000 T 01 35 
000 08 12 R2 S 0 00399 F 00000 T 01 54 
000 08 12 Rl 0 00494 F 00000 T 02 04 

TA 045 08 1.2 Rl 0 00551 F 00000 T 02 46 
000 08 12 1<:2 N 0 00658 F 00000 T 02 59 
000 08 12 1':2 l\1 0 00664 F 00000 T 03 00 
000 08 12 R2 N 0 00669 F 00000 T 03 00 
000 08 12 R2 1.,.1 0 00684 F 00000 T 03 02 
000 08 12 1<:2 N 0 00704 F 00000 T 03 04 
000 08 10 R2 E 0 00750 F 00000 T 03 13 
000 15 16 R2 N [I 00751 F 00000 T 03 15 
000 08 12 1<:3 W 0 00758 F 00000 T 03 20 

TA 044 08 10 1<:2 E 0 00763 F 00000 T 03 24 
000 15 16 1<:2 N 0 00767 F 00000 T 03 25 
000 08 12 R3 \...1 0 00769 F 00000 T 03 26 
000 J 15 16 Rl 0 00782 F 00000 T 03 29 

CP 002 15 16 R1 0 00925 F 00000 T 03 47 
000 15 16 R2 <:-,., 0 00979 F 00000 T 03 53 
000 13 16 R'-' • .::.0 N 0 01063 F 00000 T 04 03 

TA 063 1'=' ~. 16 R~: N 0 01137 F 00000 T 04 27 
000 06 12 1<:2 \...1 0 01137 F 00000 T 04 27 
000 06 10 R3 E 0 01141 ·F 00000 T 04 31 
000 06 10 1<"-' "c- E 0 01147 F 00000 T 04 33 
000 06 10 1<:3 E 0 01153 F 00000 T 04 34 
000 06 12 R2 ~I 0 01164 F 00000 T 04 37 
000 06 12 1<:3 l,J 0 01169 F 00000 T 04 38 
000 06 10 R2 E 0 01186 F 00000 T 04 43 
000 06 12 R3 W 0 01258 F 00000 T 04 56 
000 06 10 R2 E 0 01262 F 00000 T 04 58 
000 06 10 Rl 0 01263 F 00000 T 04 58 
000 06 10 F.: 3 E 0 01264 F 00000 T 04 59 
000 06 10 1<:1 0 01264 F 00000 T 05 06 
000 06 12 R"-:-, ..... l~1 0 01281 F 00000 T 05 33 
000 06 10 1<:1 0 01284 F 00000 T 05 34 
000 06 10 R2 E 0 01294 F 00000 T 05 35 
000 

J 
0'6 10 Rl 0 01310 F 00000 T 05 37 

CP 003 06 10 Rl 0 013E.5 F 00000 T 05 44 
000 06 10 R2 1,.1 0 01475 F 00000 T 05 59 
000 06 10 Rl 0 01477 F 00000 T 05 59 
000 06 10 R2 W 0 01485 F 00000 T 06 07 
finn .... ~ 1 r. Ot n t'i" A .-.-, r- r ..... f'I .... th .,. ~.", . 
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.. -"-
.L CT (I: DUr1PUr1. LDA 

.ST 14156 

RUr~ 003 SAt1PLE F.:ATE 00.5 YEA~: 76 I'IONTH 12 DAY 07 ROUI': 18 I1IN 56 ' ~ 

FIFTH 1o.IHEEL FEET/PULSE 0002 ODOMETER FEETI'PULSE 0002 
TA 064 00 00 R1 0 00000 F 00000 T 01 13· 

000 J 06 12 R1 0 00096 F 00000 .. 01 31 
Cp 001 06 12 Rl 0 00207 F 00000 T 01 45 . 

\ 000 08 12 R3 S 0 00364 F 00000 ,T 02 01 
" 000 06 12 R2 N 0 00376 F OOOOC • T 02 02 

000 06 12 R3 N 0 00381 F 00000 T 02 03 
000 08 12 R2 S 0 00421 F 00000 T 02 06 

. 000 06 12 ~:2 1'1 0 004:32 F 00000 T 02 0.7 
000 08 - 12 R2 S 0 00438 F 00000 T 02 08 
000 08 12 R1 0 00523 F 00000 T 02 16 

TA 045 08 12 Rl 0 00553 F 00000 T 02 29 
000 10 12 R3 S 0 00573 F 00000 T 02 57 
000 08 12 Rl 0 00595 F 00000 T 03 00 
000 08 12 R2 N 0 00670 F 00000 T 03 09 
000 08 12 R2 l~1 0 00675 F 00000 T 03 09 -
000 08 12 Rl 0 00679 F 00000 T 03 10 
000 08 10 R3 E 0 00732 F 00000 T 03 15 
000 08 10 F.: 2 E 0 00762 F 00000 T 03 19 
000 08 10 R3 E 0 00764 F 00000 T 03 20 
000 15 16 1<:2 N 0 00771 F 00000 T 03 26 

TA 044 15 16 R2 N 0 00771 . F 00000 T 03 29 
00·0 08 12 R3 l~1 0 00771 F 00000 T 03 31 
000 j 15 16 R1 0 00783 F 00000 T 03 42 

Cp 002 15 16 Rl 0 00938 F 00000 T 04 01 
000 15 db R2 S 0 00962 F 00000 T 04 04 
000 15 R3 .,.. 0 01000 F 00000 T 04 09 ~ 

000 06 10 R2 E 0 01145 F 00000 T 04 27 
000 06 10 R~' .,:. E 0 01147 F 00000 T 04 27 

TA 063 06 10 R3 E 0 01152 F 00000 T 04 29 
000 06 10 ~:2 E 0 01163 F 00000 T 04 31 
000 06 12 'R2 1.1.1 0 01168 F 00000 T 04 32 
000 06 12 R3 (,,1 0 01177 F 00000 T 04 34 
000 06 10 - R2 E 0 01190 F 00000 T 04 36 
000 06 10 R3 E 0 01194 F 00000 T 04 36 
000 06 10 R2 E 0 01205 F 00000 T 04 38 
000 06 10 Rl 0 01265 F 00000 T 04 45 
000 06 10 R2 E 0 01274 F 00000 T 04 46 
000 06 12 R":' ...... l~1 0 01279 F 00000 T 04.46 
000 06 10 R2 E 0 01284 F 00000 T 04 47 
000 j 06 10 Rl 0 01289 F 00000 T 04 47 

Cp 003 06 10 Rl 0 01375 F 00000 T 04 56 
000 06 10 R2 W 0 01506 F 00000 T 05 11 
000 06 10 F.: 1 0 01510 F 00000 T 05 12 
000 06 10 R2 (,,1 0 01524 F 00000 T 05 16 
000 06 08 R3 E 0 01588 F 00000 T 05 36 
000 j 13 15 R2 N 0 01605 F 00000 T 05 38 

Cp 004 13 15 R2 N 0 01616 F 00000 T 05 39 
000 13 15 R1 0 01619 F 00000 T 05 40 
000 06 10 R3 W 0 01623 F 00000 T 05 40 
000 06 08 R2 E 0 01668 F 06000 T' 05 47 
000 06 08 R3 E 0 01675 F 00000 T 05 48 
000 06 08 Rl 0 01724 F floonn T O!=i !=i4. 
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·L CT (I: DUt1PUr1. LDA 

.ST 14156 ~ 
RUN 004 SAt1PLE F.:ATE 00.5 YEAR 76 t1[lNTH 12 DAY 07 ~2~ tlIN 36 

FIFTH IJ.IHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 
TA 058 00 0t! R1 0 00000 F 00000 T 00 37 
EE 058 00 00 R1 0 00006 F 00000 T OCI 47 

000 06 12 R1 0 00125 F 00000 T 01 04 
. 

TA 064 /06 12 R1 0 00160 F 00000 T 01 10 
... CP 001 06 12 R1 0 00202 F 00000 T 01 17 

000 08 12 R3 S 0 00369 F 00000 T 01 33 
000 08 12 R2 S 0 00375 F 00000 T 01 34 
000 08 12 R3 S 0 00385 F 00000 T 01 35 
000 06 12 R2 N 0 00406 F 00000 T 01 37 
000 08 12 R3 S 0 00411 F 00000 T 01 37 
000 06 12 R2 N 0 00427 F OI}OOO T 01 39 
000 08 12 R2 S 0 00437 F 00000 T 01 40 
000 08 12 R2 N 0 00473 F 00000 T 01 43 
000 08 12 R2 S 0 00498 F 00000 T 01 46 
000 08 12 R1 0 00512 F 00000 T 01 47 

TA 045 08 12 R1 0 00561 F 00000 T 01 54 
000 08 12 R2 W 0 00E.85 F 00000 T 02 11 
000 08 12 R2 N 0 (10694 F 00000 T 02 12 
000 08 12 R2 lo.l 0 00716 F 00000 T 02 15 
000 10 12 R3 S 0 00728 F 00000 T 02 16 
000 15 16 R2 N 0 00743 F 00000 T 02 18 
000 08 10 R3 E 0 00768 F 00000 T 02 22 
000 08 10 R2 E 0 00771 F 00000 T 02 22 
000 08 10 R3 E 0 00773 F 00000 T 02 23 

TA 044 08 10 R3 E 0 00780 F 00000 T 02 24 
000 J 15 16 R1 0 00787 F 00000 T 02 26 

CP 002 15 16 R1 0 00935 F 00000 T 02 46 
000 15 16 F.: 2 S 0 00973 F 00000 T 02 52 
000 15 16 R3 S 0 00995 F 00000 T 02 55 

TA 063 15 16 R3 S 0 01149 F 00000 T 03 20 
000 06 12 R2 lo.l 0 01155 F 00000 T 03 21 
000 06 12 R3 W 0 01161 F 00000 T 03 23 
000 06 12 R2 l~1 0 01167 F 00000 T 03 24 
000 06 12 R3 lo.l 0 01172 F 00000 T 03 25 
000 06 10 R2 E 0 01202 F 00000 T 03 30 
000 06 10 R1 0 01255 F 00000 T 03 37 
000 06 10 R3 E 0 (11271 F 00000 T 03 39 
000 06 10 R1 0 01275 F 00000 T 03· 39 
000 06 08 F.: 3 E 0 01376 F 00000 T 04 21 

CP 003 06 08 R3 E 0 01:381 F 00000 T 04 22 . 
000 06 10 R1 0 01386 F 00000 T 04 23 
000 06 10 R-' .C; E 0 01504 F 00000 T 04 38 
000 06 10 R2 h.1 0 01509 F 00000 T 04 38 
000 06 10 R3 lo.l 0 01578 F 00000 T 05 08 
000 j 06 08 R2 E 0 01602 F 00000 T 05 12 

CP 004 13 15 1<:2 N 0 01608 F 00000 T 05 13 
000 06 08 R2 E 0 01618 F 00000 T 05 14 
000 06 08 R3 E 0 01625 F 00000 T 05 15 
000 06 08 R2 E 0 01644 F 00000 T 05 18 

000 06 10 F.:3 lo.l 0 01665 F 00000 T 05 20 

000 06 10 R2 W 0 01669 F 00000 T 05 21 
',,~ 

r-,,,.., II ,., r. .. , • ...,. A r- r. .... nn .... .... '-IIC; ::It 
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·L CTO:DUMPUM.LDA 

.sr 14156 

F.:UN 005 SAMPLE RATE 00.5 YEAR 76 t10NTH 12 DA'( 07 HOUR 23 t1 It~ 56 

FIFTH b.lHEEL FEET/PULSE 0002 ODDt1ETER FEET /PULS:E 0002 
TA 064 00 00 Rl 0 00000 F 00000 T 00 18 
EE 064 00 00 Rl 0 00000 F 00000 T 00 23 . 

000 

j 
06 12 Rl 0 00132 F 00000 T 00 44 

TA 064 06 12 Rl 0 00185 F 00000 T 01 13 
Cp 001 06 12 Rl 0 00208 F 00000 T 01 16 

000 08 12 R2 S 0 00461 F 00000 T 01 40 
000 08 12 Rl 0 00516 F 00000 T 01 45 

I TA 045 08 12 Rl 0 00556 F 00000 T 01 49 
000 06 12 R3 N 0 00572 F 00000 T 01 52 
000 08 12 R1 0 00575 F 00000 T 01 53 
000 08 12 R2 '-'.1 0 00667 F 00000 T 02 04 
000 08 12 Rl 0 00672 F 00000 T 02 04 
000 08 12 R2 N 0 0067'8 F 00000 T 02 05 
000 08 12 R2 W 0 00704 F 00000 T 02 07 
000 08 12 R2 N 0 00709 F 00000 T 02 08 
000 08 12 R3 W 0 00763 F 00000 T 02 15 
000 08 10 R2 E 0 00767 F 00000 T 02 16 

TA 044 08 12 R3 W 0 00775 F 00000 T 02 19 
000 J 15 16 Rl 0 00785 F 00000 T 02 21 

CP 002 15 lE. Rl 0 00943 F 00000 T 02 40 
000 15 16 R2 S; 0 00956 F 00000 T 02 42 

TA 063 15 16 R2 S; 0 01141 F 00000 T 03 04 
000 06 12 R3 '-'.1 0 01147 F 00000 T 03 05 
000 06 12 R2 '-'.1 0 01156 F 00000 T 03 06 
000 06 10 R~' .Co E 0 01162 F 00000 T 03 07 
000 06 10 Rl 0 01254 F 00000 T 03 19 
000 06 10 R2 E 0 012E.2 F 00000 T 03 20 
000 J 06 10 Rl 0 01274 F 00000 T 03 21 

CP 003 06 10 Rl 0 01371 F 00000 T 03 33 
000 06 08 R3 E 0 01478 F 00000 T 03 45 
000 06 10 Rl 0 01509 F 00000 T 03 49 
000 j 06 10 R2 \.t.1 0 01510 F 00000 T 03 50 

CP 004 13 15 R2 N 0 01606 F 00000 T 04 18 
000 06 10 R3 W 0 01610 F 00000 T 04 19 
000 06 08 R2 E 0 01642 F 00000 T 04 23 
000 06 10 R3 ld 0 01646 .F 00000 T 04 24 
000 06 08 R2 E 0 01676 F 00000 T 04 27 
000 06 08 Rl 0 01707 F 00000 T 04 31 
000 06 08 1<:2 E 0 01728 F 00000 T 04 34 
000 06 08 R1 0 01741 F 00000 T 04 35 

TA 060 06 08 Rl 0 01826 F 00000 T 04 56 
TA 050 06 08 Rl 0 01981 F 00000 T 05 16 

000 J 15 14 R1 0 01993 F 00000 T 05 18 
CP 005 15 14 Rl 0 02007 F 00000 T 05 21 

000 15 11 R3 E 0 02217 F 00000 T OS 48 
TA 049 15 11 R3 E 0 02224 F 00000 T 05 50 
CP 006 15 11 R3 E 0 02299 F 00000 T 06 03 

000 15 13 R2 S; 0 02353 F 00000 T 06 12 
000 15 13 R3 S 0 02364 F 00000 T 06 16 

TA 059 15 13 R3 S 0 02391 F 00000 T 06 21 
......... rv=" u n nOd. ... I~ 1=-' nnnnn T f'l~ ;::'4 
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~ 
\~I\~\1b .L CTO:DUMPUM.LDA 

~t· 1 • ST 1.4156 
.. ' , 

/ 

RUN -006 SAI'lPLE F.:ATE 00.5 .... ·EAR 76 r10NTH 12 DAY 14 HOUR 09 MIN 45' 

FIFTH WHEEL FEET/PULSE 0002 ODDI'1ETER FEET/PULSE 0002 . 
000 06 12 Rl 0 00122 F 00000 T 01 07 

TA 064 06 12 Rl 0 00210 F 00000 T 01 16 
t-CP 001 06 12 Rl 0 00239 F 00000 T 01 20 

000 08 12 R3 S 0 00~:98 F 00000 T 01' 33 
000 08 12 Rl 0 00495 F 00000 T 01 41 

""'CP 002 08 12 Rl 0 00587 F 00000 T 01 56 
000 08 12 R2 Ii 0 00702 F 00000 T 02 12 
000 08. 12 Rl 0 00723 F 00000 'T 02 14 
000 08 12 R3 N 0 00733 F 00000 T 02 15 

\ 000 10 12 Rl 0 00852 F 00000 T 02 33 ',.1 
000 10 12 R2 S 0 00857 F 00000 T 02 39 
000 10 12 Rl 0 00861 F 00000 T 02 40 
000 10 12 R2 S 0 00877 F 00000 T 02 43 

U'P 000 10 
.;~~ 

12 Rl 0 00890 F 00000 T 02 44 
003 10 , 12 Rl 0 00935 F 00000 T 02 50 

TA n~-Q • Co J 10 12 R1 0 00998 F 00000 T 02 57 
000 10 12 R2 S 0 01080 F 00000 T 03 04 
000 10 12 R2 Ii 0 01093 F 00000 T 03 05 

TA 080 10 12 R2 N 0 01119 F 00000 T 03 07 
000 12 12 R1 0 01209 F 00000 T 03 15 

TA 019 12 12 Rl 0 01268 F 00000 T 04 17 
000 12 12 R2 hI 0 01339 F 00000 T 04 27 
000 12 12 Rl 0 01348 F 00000 T 04 28 

VCp 004 12 12 R1 0 01352 F 00000 T 04 29 
TA 018 19 16 R2 S 0 01410 F 00000 T 04 37 

000 12 10 R3 E 0 01446 F 00000 T 04 42 
000 19 16 R2 S 0 01478 F 00000 T 04 45 
000 17 16 R2 Ii 0 01484 F 00000 T 04 45 
000 19 16 R3 S 0 01490 F 00000 T 04 46 
000 17 16 Rl 0 01526 F 00000 T 04 49 

.t-(:p 005 17 16 R2 S 0 01727 F 00000 T 05 08 
000 17 16 R3 S 0 01787 F 00000 T 05 19 
000 16 16 R2 N 0 01799 F 00000 T 05 21 
000 16 16 R3 N 0 01809 F 00000 T 05 22 
000 16 16 R2 N 0 01855 F 00000 T 05 28 
000 16 16 Rl 0 01859 F 00000 T 05 28 
000 16 lE. R2 S 0 02017 F. 00000 T 05 48 
000 15 16 R3 Ii 0 02Q20 F 00000 T 05 49 

TA 044 15 16 R3 N 0 02066 F 00000 T 06 25 
000 15 16 Rl 0 02079 F 00000 T 06 28 

"'(:p 006 15 16 R1 0 02088 F 00000 T 06 30 
000 08 10 R3 E 0 02098 F 00000 T 06 32 

l: 
000 08 12 R2 W 0 02112 F _,00000 T 06 34 
000 08 10 1<:2 N 0 02184 F 00000 T 06 42 
000 08 10 Rl 0 02221 F 00000 T 06 45 .. 000 08 10 R2 J.,.I 0",02372 F 00000 T 06 58 
000 08 10 IU 0 02377 F 00000 T 06 59 

CP 007 08 10 Rl 0 02416 F 00000 T 07 03 
000 08 10 R2 W 0 02430 F 00000 T 07 04 
...... r. ... 0 (".0 0':> r' n 1"1-=-./100 r' nnr.nn T 1"17 1~ 
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LISTING OF RECORDED RANDOM ROUTE TEST DATA 
RlIN 007 S~MPLE RATE 00.5 YEAR. 76 MONTH 12 !lAY 14 HOUR 

n FTH I.IIIEEL FEEIIPULSE 0002 
000 06 12 Rl 

TA 064 Of, 1~ Rl 
CP 001 06 12 RI 

000 O~ 12 R< N 
000 08 1~ R~ 5 
OCO 06 12 R2 N 
000 06 12 ~3 N 
000 Ob 12 R2 N 
000 08 12 R2 S 
000 OS 1~ Rl 

CP 002 08 12 F<1 
000 Of: 12 RA! N 
000 06 1:2 Rl 
000 OB 12 R~ N 
000 08 12 Pol 
000 08 12 R2 N 
000 08 12 Rl 
000 08 12 R3 N 
000 OB 12 R2 N 
000 10 12 R3 S 
000 OB 12 R2 N 
000 10 12 R3 S 
000 10 12 R2 5 
000 10 12 1'1 
000 10 12 R::! S 
000 10 12 Rl 
000 10 12 1<2 S 
000 10 12 RI 
000 10 1~ R~ 5 
000 10 12 Rl 

CP 003 10 12 Rl 
T/\ 029 10 12 1'1 

000 1(1 12 R2 N 
000 10 12 1<3 N 

TA OBO 10 12 R3 N 
000 12 1? R2 S 
000 12 l~ Rt 

11\ 019 12 12 Rl 
CP 004 12 12 RI 

000 12 12 R::! U 
TA OlB 12 I::! R~ W 

000 19 16 R~ S 
000 19 )6 R3 S 
000 19 16 R2 5 
000 1716 R2N 
000 17 16 Rl 
000 10 10 R3 E 
000 17 16 Rl 

CP 005 17 16 Rl 
000 16 16 R3 N 
000 16 16 R2 N 
000 16 16 Rl 
000 15 16 R:1 N 
000 16 16 R3 S 

lA 044 16 16 1<3 S 
000 15 16 Rl 
000 OS 12 R2 W 

CP 006 OB 12 R2 W 
000 OB 10 R:' E 
000 08 10 R2 E 
000 oe 10 R2 N 
000 08 10 R2 E 
000 011 10 Rl 

CP 007 oe 10 Rl 
000 OB 10 R2 IJ 
000 OB 10 R3 W 

lA 042 Oil 10 R3 1.1 
000 15 15 Rl 
000 16 15 R3 5 
000 15 15 R2 N 
000 15 15 Rt 

CP OOB 15 15 HI 
000 13 15 R3 N 
000 1.3 1:'; R2 N 
000 15 1 Z R~ 5 
000 13 15 R2 N 
000 15 15 R3 S 

lA 061 13 15 Rl 
000 06 10 R2 W 
000 06 08 1'2 E 
000 06 10 R2 W 
000 06 08 R2 E 
000 06 OB Rl 
000 06 OB R2 E 
000 .06 OB R3 E 

ODOHEIER FEEl/PULSE 0002 
a 00116 r 00000 1 00 50 
a 00206 F 00000 1 01 37 
a OO~6~ F 00000 T 01 44 
o 0033B F 00000 1 01 51 
o 00379 F 00000 1 01 54 
o 00403 F 00000 1 01 56 
o 00416 F 00000 T 01 57 
fj 004~2 F 00000 1 O:! 00 
o 00469 F 00000 1 02 02 
o 00509 r 00000 1 02 26 
o OOSS? F 000(.'0 T OO! 40 
o 00683 F 00000 r 03 14 
o 006B7 F 00000 r 03 14 
o 00707 F (10000 r 03 1 Ef 
o 00714 F OQOOO 1 03 19 
o 00717 f 00000 r 0;' 20 
o 00720 F 00000 1 O~ 21 
o 00730 F OOOuo r 03 24 
o 00741 F OOCOO r o. 26 
o 00744 F 00000 r 03 ~I 
U 00701 F OOOCIO • 04 0(1 
o 007B6 f 000(,0 T ('·1 06 
o (lOB4B F (10000 r 04 15 
o 00B52 F 0('000 T 04 16 
a 00856 F 00000 1 ,·4 16 
o 00B60 F 00000 T 04 17 
o 00B7~ F 00000 T 04 IB 
o 00B"3 1)00110 r 04 20 
o 008H5 F 00000 T· 4 :U 
o 00a81l F 000110 r 04 2~ 
o 009:'9 F 0(\000 1 05 If 
n 0094[1 ~ 000(10 T 0" 19 
o 01053 F 00000 r 05 30 
o 01116 
o 01123 
o 011::;5 
Q Ot:!:?::! 
11 01~~6 
(I 01351 
o 013R7 
" 01416 o 014:!6 
n 01459 
o 01471 
001477 
n 01523 
[I 01636 
o 01636 
o 01721 
n 01801 
o 01836 
G 01B46 
a 02011 
o 02046 
o 020S9 
o 02070 
o 020/7 
o 020110 
o 020R7 
o 02167 
Q 02113 
o 021;'9 
a 02214 
o 02408 
n 02441 
o 02481 
o 02497 
o 02509 
a O::!52:! 
o 02529 
o 02533 
l1 02674 
n O::!7l1 
U 02830 
Ii 02B33 
o 02B3B 
o 0283B 
o O:!856 
o 02883 
Q r,2909 
n 0291>; 
o 0294] 
[I O~9~2 
a 02964 
o 02915 

~ onooo 
F 0000(' 
F 00000 
F oe,ooC) 
F (10000 
F ooouo 
.. ~)OOOO 

F OOO~'H) 

F 00000 
F 00000 
F QOOQO 
F (Joroo 
F 00000 
F (Jooot) 
t 00000 
F 00000 
F 00000 
F 00000 
r 00000 
r 00000 
F 00000 
F OOOM 
• 00000 
F 0001\0 
f' 00000 
!-.. 00('1(;0 
F 00000 
F 001)00 
F 00,,00 
F 00(100 
F 0000(' 
f' OOOQO 
F 001\')0 
F 00000 
F 000110 
F 00000 
F OOOt'O 
F 00000 
I 00(100 
F 00000 
f 00000 
F 00000 
t 00000 

'F OvOOO 
F 00000 
F 00000 
r \10000 
F 00000 
F 000011 
.. ooon(, 
F 00(100 
F 00000 

r 05 .3S 
T 0:; 36 
T O!:i .38 
T 05 45 
1 06 O~ 
T ot. 12 
1 06 16 
T ('.~ 21 
1 Qt. 23 
T 0 .... .:!6 
, 06 27 
1 06 ?8 
1 06 31 
T 07 13 
T 07 14 
r 07 27 
T 07 34 
1 07 ,7 
, 07 3B 
T 07 57 
1 OB 03 
TO).) 06 
T 1)B OB 
T OB H' 
T 08 10 
T OB 1!! 
1 oa 21 
r os :0,' 
f 08 .::, 
r (Hi ~I/ ... 
I 08 4fj 
• O~ 4B 
1 r·a 57 
T 09 In 
1 09 01, 
1 09 03 
T 09 09 
1 09 10 
T 09 2~j 
1 09 3] 
1 11 O~, 

T l' 06 
1 11 07 
r 11 09 
T 11 16 
T 11 21 
T 11 25 
T 11 ::m 
T 1; :!8 
T l1 29 
1 11 30 
T 11 3] 

000 
CP 009 

000 
000 
000 
000 
000 

CP 010 
TA OSS 

000 
000 

CP 011 
000 
000 
000 
000 

TA 022 
CP 012 

000 
000 
OQO 
000 
000 

CP 013 
000 
000 
000 
000 
000 
000 
000 
000 

CP 014 
000 

TA O:?8 
000 
000 
000 
000 

CP 015 
000 
000 

CP 016 
000 
000 

lA 063 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
OuO 
000 
000 
000 
000 

TA 060 
CP 017 

000 
000 
000 

CP OIB 
000 

CP 019 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

3-20 

06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
OH 
OB 
OB 
16 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
17 
16 
10 
10 
10 
10 
10 
10 
10 
17 
16 
16 
16 
16 
15 
IS 
1~ 
is 
13 
13 
06 
06 
06 
06 
06 
<l6 
06 
06 
06 
13 
06 
06 
06 
06 
06 
Ob 
06 
()6 
l~ 
08 
OB 
OB 
16 
16 
10 
10 
10 
10 
10 
10 
10 
12 
10 
12 
12 
10 
12 
10 
12 

08 
ou 
08 
06 
OB 
06 
06 
06 
06 
06 
06 
(16 
06 
11 
06 
06 
06 
06 
06 
(>6 
07 
07 
07 
07 
08 
08 
15 
IS 
OB 
08 
10 
10 
10 
10 
10 
16 
16 
16 
16 
16 
16 
16 
16 
]6 
16 
16 
12 
10 
10 
10 
10 
10 
10 
oe 
10 
21 
08 
10 
OB 
Oil 
OB 
08 
OB 
OB 
14 
08 
08 
<IB 
14 
14 
OB 
OB 
08 
OB 
08 
OB 
OR 
08 
08 
08 
OB 
0[1 
OB 
00 
OB 

1<1 
fa 
R:! '" 
R3 E 
R:! U 
1<3 E 
Rl 
1<1 
fH 
R~ ~, 

R:! S 
R~ 5 
Rl 
1<1 
R2 S 
RI 
Rl 
Rl 
R2 E 
~~3 t)~ 

1~1 

fi" W 
1-:3 E 
R3 E 
F<I 
R:! E 
R:! S 
113 N 
R2 E 
1~3 t 
R~ W 
PI 
RI 
F'~ E 
1<3 I, 
fO S 
R3 N 
Fo:2 N 
III 
Rl 
F<3 N 
Rl 
III 
R:: S 
RJ N 
f\3 N 
"2 W 
R3 E 
R2 E 
III 
R:! E 
Rl 
R2 W 
R:! r: 
~3 w 
Rl 
R:! E 
R3 W 
R:! E 
Rl 
R2 E 
III 
RI 
f,l 
rn 
R~ 5 
Rl 
r,! 
Rl 
RI 
R:? W 
1<1 
r<3 !oJ 
fU 
R2 N 
1<1 
.,2 N 
RJ 5 
R:' N 
R3 5 
R:! 5 
rl3 N 
R2 5 
1<3 N 
~2 5 

II 029'1' 
o 03076 
o OJlfl::! 
n 03193 
o 03238 
o 03.295 
a 03.\49 
o 03476 
o 03~:!9 
o 03615 
o O,l69~ 
o 0~786 
o 03B03 
o 0404:-' 
o 0004~ 
o 00091 
o 00139 
o OOlsn 
o 00251 
o OO:!~l 
o 00390 
o 00507 
o 00523 
a 00529 
o 00544 
o 00795 
o OOBlS 
U 00B18 
,) 00B·\5 
Cl 00Bi.8 
o 00877 
[t 0099' 
a 01035 
f) OU8e 
(l (ll:!/.J 
o (1131:! 
o 013~7 
o 01386 
o 01392 
n 014:!6 
o 01!i72 
o 01601 
o 01693 
o 01803 
II 0169f' 
n 0197\) 
o 01978 
o 0198:3 
a 0203,'1 
(I 020B~:i 
U 021.i/, 
U 02149 
o 023:.'0 
o 02434 
o 02450 
o 02455 
o 02466 
a 02484 
u 0250~ 
o 0252b 
o 0:2574 
CI O~589 
o 026'50 
o 02764 
o 02824 
o 02977 
o O:~021 
n 03026 
o ('315" 
IJ 032B~ 
U 03290 
o 033::!!i 
(. 03340 
(I 03~4G 

I' 034134 
(I 0348'; 
o 0349.) 
n 035173 
o 03~26 
o 03534 
o 03549 
o 03::'56 
o 035::;0 
fJ 03~6] 
[) 0356~ 

F OOvOO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 000 .. 0 
F 00000 
F 00000 
F 011000 
F OCOOO 
F 0(\000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F oonoo 
F 00000 
F 00000 
F 00000 
F 00000 
f 00000 
~ OOOVO 
f 00000 
F OOuClO 
I" 00000 
I 00('100 
r 00000 
F (J·')oo(t 
F 00000 
r OOO(I() 

F 00000 
F 00000 
F 00000 
.. 00000 
F 000('0 
I- 00000 
r oooou 
f 000\'0 
F OOO(h) 
I- OOo(,() 
F OOOO{) 
, 000110 
F OOOuO 
f- 00("'0 
F 0000,) 
r 00000 
F 00000 
F 00000 
F 00000 
F' 000(,0 
F 00000 
r 1)0000 
F 00000 
F 00000 
F 00000 
F 00000 
F 0(>000 
F 00000 
F 00000 
F O'JOOO 
F 000\10 
r 00000 
f· 0000\1 
, 0(01)0 
F OOOUO 
!=" OOO~"I0 

F 00000 
F OOOllO 
F 00000 
F 000(,0 
F 00000 
F 00000 
." 00000 
J OOOuO 
r 00000 
I 00000 
F OOOuO 

1 11 3~ 
1 11 41 
T 11 59 
T 12 02 
T 12 08 
1 1:' :!S 
1 12 43 
T 13 14 
1 13 36 
T 14 01 
T 14 0:1 
T 14 20 
T 14 33 
T 15 13 
T 15 27 
1 15 54 
T 16 00 
T 16 0. 
1 16 28 
T 16 29 
T 16 54 
T 17 O. 
1 17 010 
T 17 06 
T 17 OB 
1 17 44 
T 18 05 
1 18 06 
1 IB 09 
1 10 12 
1 IB 13 
T 18 :::!S 
T 18 29 
1 18 .3 
T 19 33 
T 19 39 
T 19 41 
T 19 46 
T 19 47 
T 19 50 
T 20 04 
T 20 06 
1 :;!O 1::; 
T :'0 :?tl 
T ;-0 34 
T 70 43 
1 20 45 
T :!O 46 
T ='0 54 
T 20 58 
T ~l 02 
T ~1 03 
T 22 00 
T 2:! 45 
T 22 47 
T 22 41 
T 22 48 
T .,., 50 
T 2.:2 51 
T 22 53 
T 2:! 57 
T 22 59 
T 23 41 
T 23 57 
T 24 04 
I 24 2() 
T 24 2::; 
T 24 25 
1 24 41 
T 25 "0 
T 25 01 
T :::5 os 
T ~S 07 
T 25 07 
T :!5 20 
T :!5 :?IJ 
T :!S 21 
T :.2S 23 
T 25 24 
T ~5 25 
T 2:::; 27 
T 25 28 
T 25 29 
T ~5 30 
T ::?~ .30 

.. 

". 



.. 

000 
000 
000 
000 

CP O::!O 
OOQ 

TA 013 
000 
000 
000 
000 

TA 01!i 
O~~ 

000 
000 
000 
000 
000 
000 

Cf· Q21 
000 
000 
000 
000 
COO 
000 

CF' 02:! 
000 
000 
000 
000 
000 
000 
OGO 
000 

TA 052 
000 
000 
000 
000 

CF' O~3 
000 
()OO 
000 

CF 024 
000 
000 

CF' O::!5 
TA 047 

000 
000 
000 
000 
000 

CF' 026 
vOO 
000 
000 
000 
QvO 
ono 
000 
MO 
000 
000 
000 
000 

CF 027 
000 
000 

TA 001 
OO\.j 
000 
000 
000 
000 
000 
()OO 
000 
000 
000 
000 
000 

10 
10 
1~ 

12 
I::! 
12 
12 
12 
12 
19 
1:: 
I::! 
!7 
19 
P 
17 
17 
19 
17 
17 
17 
17 
16 
16 
17 
16 
16 
IS 
15 
16 
IS 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
J5 
15 
15 
15 
08 
OS 
16 
10 
10 
10 
1(l 

10 
1(' 
10 
12 
10 
10 
12 
12 
1:: 
14 
14 
14 
12 
14 
14 
19 
19 
19 
12 
J9 
19 
19 
19 
19 
19 
19 
19 

OS 
08 
08 
08 
08 
08 
08 
00 
08 
15 
08 
08 
IS 
15 
15 
15 
15 
15 
15 
l~ 
15 
15 
15 
15 
15 
15 
15 
15 
15 
IS 
15 
15 
J5 
15 
15 
15 
15 
15 
14 
14 
14 
J4 
13 
13 
13 
13 
13 
13 
13 
06 
06 
11 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
Ob 
06 
06 
Q6 
06 
06 
06 
11 
11 
11 
<·6 
11 
13 
11 
13 
13 
13 
13 
13 

LISTING OF RECORDED RANDOM ROUTE TEST DATA (CO~~'D) \ 

~3 N 
R:! N 
R3 5 
R2 S 
R2 S 
RI 
Rl 
R2 W 
RI 
R3 5 
R2 E 
R:! E 
R2 H 
R3 5 
PI 
R:' U 
RI 
R3 5 
RI 
RI 
R3 5 
R2 S 
R3 N 
R2 N 
k3 5 
R~. 
Rl 
R3 N 
R2 N 
R3 5 
p" N 
R;; N 
'<I 
R:! S 
III 
1<1 
R:! S 
R2 LJ 
~3 E 
F\::? E 
R2 E 
RI 
R:! r: 
Rl 
Rl 
R~ LJ 
R3 IJ 
':3 W 

R3 '" 
R:: 5 
1'1 
RJ 
Rl 
R::? N 
R::! N 
RI 
R"" N 
1<1 
F::' N 
1<3 5 
R2 N 
1<3 N 
R2 S 
ill 
k~ N 
F:2 S 
R3 5 
R3 S 
R~ N 
R2 S 
R:! 5 
1<1 
R.:! S 
III 
1<3 N 
1':1 

"" IJ R3 E 
1<1 

R2 '" 
Rl 
R:! 1.1 
Rl 

IJ 03::"b4 
o O:~:';61, 

(l 03!j70 
o 0357B 
o 03603 
o 03610 
o 0:1705 
o 0376:1 
o 03769 
o O;lB~O 
o 03876 
o 0.i891 
() 0"i904 
[) 03941 
a O~94~ 
o 03960 
o ('3971 
o 03981 
o 03991 
o (',4Q5';! 
o 00070 
o 0010::? 
o 001.2J 
o 00155 
o 00166 
o U0196 
o 00308 
o 00351 
o 00434 
o 00438 
o 00448 
o 00455 
[I 00460 
[I OO~8!'i 

o 00::;9"j 
o 0060.1 
o 0060h 
o 006:21"> 
C 0063~) 
o 0068:': 
o ,,0784 
f) 0078l 
[1 009Bl 
(l 'HOlS 
o 0105.1 

o 01170 
U 01:!1::? 
o U12S0 
o 01::8'1 
r. 0133:} 
o u1364 
o 01630 
o 01770 
n 01866 
a 01982 
o 01887 
a 01903 
o »1913 
n 01923 
(1,,-'19::;>' 
o 0196~ 
o 1"1979 
o 01987 
a 0;'016-
o 1.'t:!:.!1"t. 
{I O~::!.:23 

o O:2~H 
(l 0':25'1 
o 0::!~]a 
a (\'::297 
o on08 
o ')::~:n:? 

o 02320 
a u:3::!::? 
o 0234~ 
o O:'~3~9 
o O:.WO 
n O:.'39"i 
n o~),~r3'l 

U O~44Y 
n 0.:>4:;4 
o fI:'46Q 
o 024B." 

1-' ooono 
,- 00000 
r OOOI)() 
f 00000 
r 00000 
F 00000 
F 00\,)00 
F 00000 
F' OMon 
F' 000(10 
F' 00000 
F 00000 
F C(JO\lO 
F 00000 
F 00000 
f' 000.10 
F 0.)000 
F 110000 
F 00000 
F 0000(' 
F 00000 
F 00000 
F OOt;OO 
F 00000 
F OOOOC) 
F 00000 
F 00<)00 
F 00000 
F 000:)11 
F' 00000 
F OuOClO 
I 000"0 
F 00000 
F 00000 
~ 00000 
, 00000 
r OiIOU\) 
r (.Ii'lO()H 
r (10,"00 
r OOOO,i 
r 0000 •• 
r 000(\;\ 
F 0'JOCl{l 
F oonoo 
F OOOO.) 
F OOO(.L\ 
F 0(1000 
F OOO{'ll 
F (}{I(i(IO 
f OOOvO 
I 00000 
F IJO;'(}O 
F OQOOO 
r 00(·1)0 
F' OOOO\) 
F O()OOO 
F O~'OO() 
r \1\1000 
F ,10000 
F 00000 
F ')0000 
F 00000 
F O()(h)() 
F- vOO\lO 
F 00000 
t- 0000'1 
J. OOCWfI 
f 000(10) 
F 00000 
F 000(j0 
r (.1000() 
F VCliJO(l 

F '10000 
F 'WOOv 
F (,ooon 
F 00000 
F 00000 
F OOOOC) 
) COo.oOO 
F 00000 
F 0000'"' 
F OOOClO 
F OOOO(J 

1 ,1~ .5:1 
T :?~ ,3" 
1 ~!'!:. ;~" 
T :!S ~H 
T :'6 1!, 
r ~6 10 
T ::'6 :W 
I ~!6 33 
r ~o') :l~ 
T :!,,~ 3H 
T 27 15 
1 2/ 1 i' 
1 .!7 1'1 
1 '27 :!4 
r :7 24 

T :!7 :.!b 
T 27 ."11 
T 27 !.t3 
T :'7 ?8 
T :!7 34. 
T :!~ 20 
r ::!8 24 
r 20 ~.c. 

r ::?:8 :-9 
T 78 30 
T £S:l 3:
f 29 (\\\ 
, :!:9 11 
T ~4 :?1 
T 29 .,'" 
r :)'1 ~J 
" 29 24 
T :?Q 23 
'l' 29 .3S 
T 2:9 3R 
T :9 ,~ 
T :'':' 40 
T :19 44 
T :,'1 _b 
T ~H) ~1 

T .h) O::! 
T ZO ,,,\3 
T :~o 3<':; 
r 050 i't 
I 31 :,. .... 
T ,1 '11 
I ,~, ·\1 
T .51 ~l' 

1 lJ ~." 
1 32 .. /.;!. 
T 32 ('7 
r 3~ ,16 
r 33 <)·1 
T C~ 1', 
r 33 1~ 
T 33 16 
T 33 Ib 
T 5.3 1Q 
T :53 :..j 
T 33 ~3 
T 33 ;>4 
T 3,l ~b 
T .. ~3 ;;!7 
T <3 :\1 
T.H H 
T J'I t~ 
T J., 10 
T I~ 19 
T ~'l 2J 
T 14 ;>.1 
1 3·, I .... 

l' .\4 ~h 
1 :~4 !!!j 
r .?oil ,;?!-( 
1 :, . .., 3~ 
T :t·l 0'1 
r q ;31 

T \·1 1/ 
, :'4 43 
T 3,·1 4~' 
I .1,4 .01~, 

T .::,'1 .,;J 
T 34 ·18 

TA oo~ 
000 
000 
000 
ooa 
000 
000 
000 
(Joe 
000 
000 
000 
000 
000 
000 
000 
ono 
000 
000 
000 
000 
000 

rF' O~a 
000 
000 
000 
ooc 
000 
000 
000 
000 
000 
000 
000 
000 
000 
noo 
000 
000 
000 
000 
000 
000 
000 
000 
fOOO 
000 
000 
000 
000 
(JOO 
000 

CP 02Q 

,".no 

"V 
r·oo 
000 
!lOQ 
000 
000 
000 
000 
000 
000 
OuO 
MO 
000 
000 
000 
000 
000 
OlHl 
000 
0030 
000 
(".no 
ve." 
000 
000 
000 
OIlO 

r;, 040 
000 

3-21 

19 
1~ 
19 
1~ 
1:' 
19 
I~ 
19 
I~ 
19 

J9 
12 
19 
1:? 
19 
I:? 
12 
I~ 
1~ 
J~ 
17 
17 
l~ 
17 
F 
10 
Ii 
10 
Ii 
10 
17 
I:! 
17 
I:! 
17 
17 
17 
16 
17 
16 
16 
16 
16 
17 
16 
16 
16 
32 
16 
32 
16 
16 
06 
1", 
1~ 
16 
08 
16 
OS 
16 
08 
16 
08 
16 
O~ 
16 
OS 
16 
00 
15 
1'3 
CIS 
1~ 
Oil 
1':1 
08 
H 
oa 
16 
08 
16 
all 

n 
07 
1.1 
0"1 
07 
13 
OJ 
13 
07 
13 
07 
1J 
!J7 
13 
07 
13 
07 
07 
07 
06 
07 
13 
13 
<)7 

J3 
13 
07 
13 
07 
I~ 
07 
13 
07 
U 
07 
)3 
n 
13 
JJ 
1.3 
13 
t:' 
13 
13 
1.3 
13 
13 
13 

13 
27 
IJ 
13 
07 
IJ 
13 
13 
07 
13 
07 
13 
07 
1:', 
07 
13 
.;: ...... 
13 
G7 
13 
07 
11 
13 
07 
13 
'); 
13 
07 
1.1 
07 
13 
07 
13 
07 

1<1 
F.':' 
F:~ s 
f.::! W 
f<~ C 
R~! S 
r~:'J E 
R:.! 5 
~2 E 
R" S 
[0(2 E 
R:! 5 
R:' r. 
":2 5 
R:! E 
R2 5 
Rl 
R2 E 
R2 W 
>(3 E 
k'2 U 
fo13 II 
R1 N 
R2 W 
f\~ N 
RI 
F\3 N 
III 
R3 n 
R1 
rl3 'N 
fli 
H3 5 
RI 
1'";3 
RI 
1'3 5 
R~ S 
R3 N 
k~ 5 
RJ N 
Rl 
p..~ II 
Rl 
F:3 5 
Rl 
"3 N 
Rl 
"1 
~I 

Rl 
Rl 
RI 
Rl 
F\2 S 
"3 II 
"'2 5 
R:.! U 
1<3 5 
Rl 
"3 5 
III 
RI 
I?I 
R3 S 
~1 
R3 5 
RI 
R3 S 
ra 
f\3 N 
R~ II 
,,1 
R3 N 

"I k.' N 
F\1 
B3 
1<1 
R3 5 
RI 
~3 
III 

n ,,>:,~::!rJ 

CI 0:,"1",:;6 
U 0:'037 
1/ 0~637 
o O::!637 
o 0~637 
o 0:'637 
o (\2637 
o 02637 
o (,2637 
a 02637 
o 0;>637 
o O~~3J 
n (/:'637 
lJ 0:'637 
a ()~64=' 
a 0~64~ 
a 0'26:;:; 
o 02667 
o 02671 
o 02679 
o 02697 
o 02696 
o O:!742 
a 0:'769 
o O~774 
Cl U28B:; 
a fJ2SS:; 
n (,:'885 
n O:.!885 
(I (\~B8S 

o O:~8a5 
o o::!8se; 
a ()2S95 
o 02949 
o 02954 
o 0303t. 
o 1)3077 
o tJ307f( 
o 030S~ 
o ";'08<1 
o 0314' 
o I l 3141 
[) 03141 
o 1)3147 
o "3148 
o :)J14f:1 
Q OJ15~ 
o 03:!13 
o 03213 
a 03213 
o ()3~13 
(1 03265 
o 03310 
o <>3319 
[J 033~1 
o 033~:' 
o 033::3 
o 03331 
o (>3331 
o ')3331 
o (\3331 
o 03331 
o ,:'3331 
o 0333\ 
[1 0333'1 
o 03331 
o 0;1331 
o ')3331 
o OJ331 
[1 0.1331 
CI 03331 
o ()J33! 
o 1'3331 
o 113331 
o 033J.l 
o ()333t 
o (.~331 
o 03331 
II 0334:'> 
o 03347 
o 03350 
1/ 03351 

f ,)0000 
F (1('1000 
F 0000·1 
F 0(1000 
F 00000 
F 00000 
f 00000 
F 00000 
F 00000 
f OOOOt) 
F 00000 
F 00000 
f 00000 
F ()(lOOO 
F 00000 
~ (JOOOO 
F 00000 
F OOODO 
f OOOOv 
F 0000r. 
F 00000 
F 00000 
F 00000 
F OOOM 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
f- 00000 
f 00000 
F 00000 
f 000(,0 
F 00000 
F 00000 
F vOOOO 
F {lOOOO 
F !)OOQ(\ 
F oooon 
F '>0000 
f 00000 
F 00000 
F 00000 
F '10000 
F 0000(' 
F OOOOU 
F (loooa 
f 00000 
r 00000 
F (100(10 
f (10000 
r (loono 
F 00000 
F 00000 
F 00000 
F 00000 
F ()Oooo 
F ooootl 
f 00000 
F ClOOOO 
F 00000 
r <)00(\0 
f 00000 
F 00000 
F ()OOOO 
F 00000 
F 00000 
F <'0000 
F 00000 
r 00000 
r oooor. 
r 00000 
F onooo 
F 00000 
F 00000 
F {I(\OOO 
r: 4H)OOO 
r 00000 
F 00000 
F (.OoOiJ 
F 00000 
F.OOOOO 
F 000('0 

T :!~ on 
r 3:; 2/t 
T 3:; 30 
T 35 36 
1 35 36 
1 3:; 4() 
1 3S 4":\ 
1 35 4~ 
T 3~· .~ 
T 3!'J !i(j 
T ;l~ 00 
1 :\0 04 
T 36 04 
r J6 06 
T 36 06 
T 36 11 
T .56 l:t 
T ~6 1.5 
r i/. 15 
T 36 16 
T 16 17 
T 36 18 
T 36 19 
T ~6 24 
T 36 :U. 
T 31> 27 
T 31 13 
r 37 14 
T 37 15 
r ,} If. 
T :t.1 :!1 
T 3/ 26 

..5 1 J:.) 
'I 37 34 
J 31 5C1 
1 31 ';0 
T 37 '.18 
1" 38 \)~ 
T 30 OB 
T ~8 (19 

T .5H 10 
T Jf1 24 
T :~13 ~l4 

T ,18 :!6 
T _\H ~t7 

T 31-' 2B 
1 38 ::?9 
T 311 ;10 
1 .3" ';1 
1 311 5:
T 38 57 
1 38 :.9 
T .\9 1:7 
r '9 -':J 
1 .59 203 
T ~9 ~4 
T 3''; 24 
T 1'" ~5 
T :\9 31l 
" 311 30 
1 J9 :~1 
T 39 3~ 
1 39 34 
T 39 35 
T ;19 36 
1 39 37 
T 39 31 
T J, 3U 
'I ~9 39 
T .;9 '\0 
r 39 44 
T 39 II!. 
T 39 46 
T 39 47 
r 39 50 
1 39 :;1 
r 39 53 
T 39 54 
T 39 ~~ 
T 40 00 
T 40 01 
1 4') n:! 
t ~o Q~ 



- ----,---------------

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

Til 039 
000 
000 

CF' 030 
000 
000 
000 
\l00 
000 
000 
000 

CP 031 
TA 007 

000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

CF' OJ::! 
000 
000 
000 

TA 01:; 
000 
000 
000 
000 

CF' 033 
000 
000 
000 
000 
000 
000 
000 
000 

CF' 034 
000 
000 

TA 04::' 
000 
000 
000 
000 
000 

Cf' 03!; 
000 
000 

CP 036 
000 
000 
000 

16 
OB 
OB 
DB 
00 
08 
OB 
OB 
DB 
DB 
DB 
pe 
DB 
16 
10 
10 
10 
10 
10 
12 
12 
10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
1~ 
17 
19 
19 
17 
17 
17 
17 
17 
17 
17 
17 
16 
16 
16 
16 
16 
16 
32 
15 
1~ 
15 
DB 
DB 
17 
DB 
DB 
OR 
DB 
08 
DB 
OB 
04 

15 
07 
07 
06 
06 
07 
07 
07 
06 
06 
06 
06 
06 
11 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
07 
06 
07 
07 
07 
07 
OB 
07 
06 
07 
07 
OB 
OB 
07 
01 
DB 
OB 
oa 
06 
08 
OB 
OB 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
31 
15 
15 
15 
DB 
DB 
17 
OB 
OB 
08 
07 
07 
06 
07 
03 

\ 
LJS.TIN.G OF REC,?~DED RANDOM ROUTE TEST DATA (CONTID) \ 

1<1 
1<1 
H2 W 
R2 E: 
1<3 E 
R::! U 
R3 W 
R:! W 
R3 E 
Rl 
R3 E 
Rl 
1<1 
Fil 
1<1 
Rl 
R2 N 
Rl 
R2 N 
1<3 5 
R2 5 
R3 N 
1<1 
1<1 
Rl 
R2 E 
Rl 
R::! E 
1<3 U 
R2 E 
R3 U 
R2 W 
R3 IJ 
R2 W 
1<3 IJ 
Rl 
R2 E 
R:? W 
1<1 
R:! tJ 
R3 IJ 
Rl 
R2 E 
1<3 IJ 
R::! W 
F:l 
R2 w 
1<1 
Rl 
R:! E 
R3 N 
R2 S 
R2 5 
R3 N 
R2 N 
R3 N 
R2 N 
R3 N 
Rl 
R2 S 
Rl 
R3 N 
R2 H 
Rl 
fl'2 N 
RI 
Rl 
Rl 
R3 N 
R3 N 
"2 N 
R2 E 
HI 
R* C 
RI 
Rl 
R:! U 
Rl 
RJ 
1<3 E 
III 
fl3 5 

o 03353 
o 0335B 
o 03417 
o 03426 
o 03434 
o 03437 
o 03444 
o 03446 
o ()34~1 
o 03493 
o 01514 
o OJ5Z!i 
a 03::;72 
a 037:!9 
o ('3BB4 
o 03908 
o 03993 
o C)4001 
o 04018 
o 04073 
o 04078 
o 00007 
o 0001B 
o 00051 
o 00114 
o 00193 
o 00197 
a 00214 
o 00232 
a (10238 
o ()0244 
o 00250 
o 00265 
o OU311 
o 00321 
o 00326 
o 00364 
o 00371 
o 00384 
o 00398 
o 00413 
o (10421 
a 00451 
o 00459 
a 0047. 
o 00490 
o ('0497 
a 00::;04 
o vOS=:!6 
o 00724 
o 00732 
o 00755 
o 00792 
o 00799 
o OOB14 
o 00831 
o 00839 
o 0,)046 
o 00B75 
o 01031 
o 01038 
o 01107 
o 01182 
o 01186 
o 01191 
o 01193 
o 01251 
o 01340 
o 01356 
o ('1419 
o 01431 
o 01445 
o 01449 
o 01469 
o C·1504 
o 01689 
o 1)1734 
o 01795 
a 01830 
o 01849 
o (11850· 
a (11863 

F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F (WOOO 
F noooo 
F' 00000 
F 00000 
F' 00000 
F 0000(' 
F (}oooo 
F 00000 
F' 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F' 00000 
F' 00000 
F' 00000 
F' 00000 
F' 00000 
F 00000 
F' 0(,000 
F 00000 
F' 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F OOQOO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F l/OOOO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 

1 40 03 
T 40 OS 
T 40 13 
1 .. 0 15 
T 40 16 
T 40 17 
T 40 18 
1 40 19 
1 40 :!O 
T 41} :!5 
T .q() :?7 
T 40 ~!l:t 
1 41 11 
T 41 28 
T • .f,1 L .. :! 
T 4} ~5 
r 4=' 06 
r 4:2 07 
T 4:! 09 
T 42 1~ 

T 4:! 16 
T 4!..! ~5 
T 42 :29 
T 4:' 48 
T 43 48 
T 4.! 58 
T 43 58 
T ~4 00 
1 44 03 
T 44 04 
T 44 05 
T 44 18 
T 44 21 
r 44 26 
T 44 21 
T 44 :!7 
r 44 30 
T 44 ~I 
T 44 32 
T 44 33 
T 44 34 
T 44 34 
T 44 36 
T 44 37 
T 44 38 
T 44 .39 
1 44 39 
1 44 40 
T 44 41 
T 45 0:-, 
T 45 06 
T 45 OS 
T 45 13 
T 4::; 14 
T 45 1i' 
T 4~ 19 
T 45 ?O 
T 45 ~1 
T 4S ~5 
T 4::; ::;0 
T 45 51 
T 45 SCI 
r 46 01 
T 46 08 
T 46 09 
1 46 09 
1 46 17 
1 46 28 
T 46 ;~9 

T 46 37 
T 46 39 
T 46 4:? 
T 4~ 42 
J 46 45 
T 46 4H 
T 47 ~3 
T 47 28 
1 41 .H 
T 48 I:! 
T -0 IB 
T 4B 19 
T 48 ~4 

000 
TA 040 

000 
000 
000 
000 
000 
000 

CP 037 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

CP 038 
TA 059 

000 
000 

TA 058 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

TA 007 
000 
000 
000 
000 

CP 039 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

CP 040 
000 

CF' 041 
000 
000 
000 
000 

CP 042 
TA 017 

000 
000 

TA 018 
000 
000 
000 

TA 029 
000 

TA OBO 
000 

CP 043 
000 

TA 019 
000 

3-22 

08 
08 
08 
16 
15 
15 
15 
15 
1~ 
15 
IS 
15 
15 
15 
15 
15 
15 
60 
15 
15 
15 
IS 
15 
13 
13 
06 
06 
06 
06 
09 
DB 
08 
08 
08 
08 
08 
16 
10 
10 
10 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
24 
12 
12 
12 
12 
1~ 
12 
48 
12 
12 
12 
12 
19 
12 
19 
12 
12 
12 
17 
17 
17 
16 
10 
10 
10 
10 
10 
10 
10 
12 
l~ 
12 

07 
07 
07 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
55 
13 
13 
13 
13 
13 
13 
13 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
11 
06 
06 
06 
06 
06 
06 
06 
06 
07 
06 
06 
06 
07 
15 
07 
08 
07 
07 
08 
07 
35 
08 
08 
DB 
08 
15 
10 
16 
10 
10 
10 
16 
16 
16 
I" 
12 
1:! 

I~ 

12 
12 
12 
12 
12 
12 

Rl 
RI 
R::! N 
R3 S 
R2 N 
Rl 
R2 N 
Rl 
Rl 
R:1 N 
Rl 
R2 N 
Rl 
R2 5 
Rl 
R2 S 
1<1 
Rl 
Rl 
R3 S 
R2 5 
R3 5 
R2 S 
R3 N 
R3 N 
R::! E 
RI 
Rl 
R2 N 
rl3 5 
R2 5 
R3 S 
R:! 5 
R3 5 
R2 S 
Rl 
Rl 
R2 S 
Rl 
R2 N 
R3 5 
R2 S 
Rl 
Rl 
R2 E. 
R3 \.I 
Rl 
R3 E 
R3 E 
Rl 
1\1 
Rl 
R3 IJ 
Rl 
R3 E 
Rl 
R3 E 
Rl 
Rl 
Rl 
R2 E 
R3 E 
R2 S 
R2 W 
R3 101 
Rl 
Rl 
Fll 
R3 N 
R2 N 
R:! N 
R3 t/ 
R2 IJ 
R\ 
RI 
r,2 N 
R::! N 
R3 N 
1<3 N 
Rl 
fU 
R:! U 

o 01865 
o 01869 
o 01879 
o 01887 
o 01925 
o 01931 
IJ 01936 
o 01953 
o 01970 
o 01995 
o 01995 
o 02010 
o 02027 
a 02136 
o 0;~137 
o 02143 
o 02144 
o 02148 
o 021~8 
o 02179 
o 02191 
o 0:1195 
o 02206 
o 02214 
o 0:.1233 
o 02311 
o 0235:! 
o 0:2456 
o 02584 
o 02623 
o 02623 
o 02623 
o 02623 
o 02647 
o 02667 
o 0:!740 
o 02978 
o 03089 
o 03:142 
o 03262 
o 03310 
o 03351 
o 03404 
o 03476 
o 03567 
o 03606 
o 03612 
o 03617 
o 03709 
o 03714 
o 03750 
o 03756 
o 03831 
o OJ838 
o 03B46 
o 03861 
o 03883 
o 03891 
o 03906 
o 039~0 
o 04088 
o 00062 
o 00125 
o 00169 
o 00200 
o 00219 
o 00296 
o ('0336 
o 00371 
o 00590 
o 00650 
o 00698 
o 00751 
o 00812 
o 00864 
o 00985 
o 01004 
o 01029 
o 01041 
o 01156 
o 011B3 
o 01321 

F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F' 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F COOOO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00090 
F 00000 
F 00000 
F 0<)000 
F 00000 
F 0000(", 
r. 00000 
F 00000 
F 00000 

r 40 ~~ 
T 48 26 
T 48 :!~ 
T 49 30 
T 48 3:> 
T 48 36 
T 48 37 
l' 48 46 
T 4~ 09 
1 47 39 
T 49 42 
T 50 12 
T SO 19 
T :31 ..,.., 
T 51 24 
T 51 27 
r ~1 21 
r ZI 36 
T 51 3/ 
T 51 51 
T 51 S2 
T ~1 53 
T 51 54 
T 51 56 
1 5!,! 00 
T 52 11 
1 S2 14 
1 53 04 
1 53 20 
T 5.3 27 
T 53 :!8 
T S3 31 
T S3 35 
T 53 41 
T S3 <:i 
T 53 51 
T 54 11 
1 S4 24 
T 54 36 
T 54 47 
T 54 50 
i 54 S3 

. T 54 58 
T 55 09 
T 55 20 
T 55 24 
T 55 24 
T 55 25 
1 55 3£:1 
1 55 38 
T 55 42 
1 55 42 
1 55 ... ~ 
r 55 48 
r 55 49 
T 55 50 
T 55 51 
T 55 52 
T S5 53 
T 5555 
T 56 10 
1 56 20 
T 56 25 
T 56 29 
1 56 31 
T 56 33 
T 56 39 
1 56 42 
T 56 4!J 
T 57 01 
T 57 5:' 
r 57 57 
1 59 01 
1 58 O~ 
1 58 25 
1 58 ... 0 
T 58 4:! 
T !i8 45 
r 58 47 

59 05 
T !i9 ce 
T 59 ;'0 



... 

CP 044 
000 
000 
000 
000 

CF' 045 
000 
000 
000 
000 
000 
000 
000 
000 
000 

TA 012 
000 
000 
000 
000 

CP 046 
000 
000 
000 
000 

TA 003 
000 
000 
000 

TA 004 
CF' 047 

000 
000 
000 
000 

CF' 048 
000 
000 
000 
000 
000 
000 

TA 033 
000 
000 
000 
000 
000 

CF' 049 
000 
000 

CP OSO 
000 
000 
000 

CP 051 
:>00 

11'> 030 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

1A 001 
000 
000 
000 
000 

TA OO:! 
CF' OS:? 

000 
000 
000 
000 
000 
000 
000 

12 
12 
1:> 
17 
1:> 
12 
12 
1:> 
12 
19 
12 
12 
12 
12 
12 
12 
1:> 
12 
12 
1:> 
12 
12 
12 
14 
14 
14 
14 
12 
19 
19 
19 
19 
17 
17 
17 
17 
16 
17 
16 
17 
16 
Ib 
16 
16 
16 
16 
16 
16 
16 
16 
16 
08 
16 
16 
10 
10 
16 
16 
10 
10 
12 
10 
10 
12 
12 
12 
14 
14 
12 
12 
12 
14 
19 
19 
19 
19 
19 
12 
19 
12 
19 
12 
17 
12 

12 
10 
10 
16 
10 
10 
10 
10 
OD 
15 
DB 
08 
08 
08 
OR 
08 
08 
08 
DB 
DB 
OB 
OB 
08 
08 
08 
DB 
08 
08 
15 
15 
15 
15 
I!; 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
14 
14 
14 
14 
14 
14 
13 
07 
13 
13 
06 
06 
11 
11 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
11 
13 
13 
13 
13 
07 
13 
07 
13 
07 
13 
07 

LISTING 'OF RECORDED RANDOM ROUTE TEST DATA (CONT'D) 

(-\2 U 
R3 E 
R2 E 
R3 1/ 
Rl 
Rl 
R:!. t.I 
R3 101 
~2 E 
R3 S 
R2 W 
Rl 

ro '" 
R\ 
~2 U 
R1 
113 II 
R:! W 
1'<1 
R3 II 
R3 N 
R2 LJ 
"3 II 
Rl 
1;3 S 
R2 S 
,,3 S 
R2 H 
Rl 

"1 
R1 
R2 S 
R3 N 
R..:! N 
Rl 
"1 
R3 N 
R2 5 
':3 N 
R2 5 
R3 II 
Rl 
Rl 
p'~1 IJ 

R3 E 
Rl 
R3 E 
III 
Rl 
R2 IJ 
P.2 E 
1':3 N 
R2 E 
III 
R3 S 
R3 S 
III 
"1 
IU 
R:! N 
R3 5 
R2 N 
R3 N 
RZ S 
1':1 
R2 H 
R3 S 
R2 S 
R:! N 
R3 N 
1;3 II 
R~ 5 
Rl 
R3 U 
Rl 
III 
Rl 
1<1 
R2 S 
R2 E 
R3 S 
R2 LJ 
R3 N 
R2 IJ 

a (J1342 
a 01420 
o 01466 
o Ol!l05 
o 01538 
a ()J562 
Q 01755 
o 01777 
o 01791 
o 01904 
o 01946 
o 01951 
o 01966 
o 01971 
a O:·~030 
a O:"03:? 
o 0;>060 
a ':>:'071 
o O.?074 
o 0~?086 
o 02105 
o 021:15 
o 02119 
a 0:2157 
o 02159 
o 02162 
o 02167 
o O~1a5 
o 02::?76 
o 0:'394 
o 02438 
o 0;:591 
o 0.!595 
o 02635 
o 0~65b 
a 02745 
o O:~855 
o 02862 
o 0:'866 
o O~'898 
o 02906 
o O::1}'b~ 

o 0:1033 
o 03139 
o Q~15Q 
o OJ253 
o 03265 
o 03276 
o 03317 
o 03376 
o 03381 
a 03399 
o 03416 
a OJ43::i 
o ";'653 
p 0='657 
o 03687 
o 03710 
o 0:1839 
o 03974 
o 040~9 
o 04042 
o 04046 
o 04050 
o 00003 
o 0()196 
o 0(1201 
o OO::?50 
o OO::?58 
o OU261 
o OO::?70 
o OO::!72 
o \}\):!:7S 
o 00,39 
o 00400 
o 00493 
o 00539 
o C·0607 
o 00616 
o U(l639 
o OCl647 
a 006S::! 
o 00666 
o 00670 

F O~)OOO 
r ClOOOO 
F 00(,00 
F 00000 
r 001>00 
F OOOClO 
F 0(01)0 
F 00000 
F 00000 
F 00000 
F 00000 
F (10000 
F* 0(,000 
f 00000 
r 00000 
F 00000 
F OCI'iOO 
F or./,oo 
F 0"000 
F 0,,000 
F 00000 
F 00000 
F 00000 
F 0('000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 0(,000 
F 00000 
F 00000 
F 00000 
F 0(,000 
F 00000 
F 00000 
F 00000 
F 0(1000 
F Q(loao 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 0(1000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 000('0 
F 00000 
r 00000 
F 0(.000 
F' 01)(/00 
F' O(lUOO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
r 00000 
F 00000 
F 00000 
F 00000 
F 000,)0 
F OWOO 
F' 01)000 
r OOllOQ 
F 00000 

T 59 ~l 
r 59 58 
T 60 01 
T bO 0" 
T 60 07 
T 60 09 
1 60 Z:'( 
1 60 2'1 CP 

000 
000 
000 
000 
000 
000 
000 
053 

1 60 ::?!$ 000 
r 60 3S 000 
r 60 39 TA 023 
r 6el 40 000 
T 60 41 000 
l (>0 4= 000 
T 6(\ 49 000 
r 6u 50 000 
1 60 !IS 000 
T 60 57 000 
r 60 57 CP 054 
1 6(' 5~ 000 

b1 0\ 1'A 026-
r 61 0 l 000 
1 61 OJ 000 
I 61 09 000 
r 61 10. 000 
r 61 10 000 
T 61 11 000 
i 61 is oeo 
T 61::!S 000 
1 6:.! 10 000 
T ~~ 16 000 
T 63 26 000 
1 63 26 000 
I 63 30 000 
T 63 3;: 000 
T 63 41 000 
T 64 13 000 
T 64 14 
r M 14 
t 64 19 
f 64 20 
i 64 '30 
, 64 38 
1 64 54 
1 64 s~. 
1 65 11 
T 65 1;t 
1 6tr 1~ 
T /,5 20 
1 65 27 
l' C\S ~8 

i 6!> 30 
T 65 32 
T 6S 34 
T 66 58 
1 66 59 
T 61 02 
1 67 13 
1 67 3~ 
1 67 51 
T 67 57 
1 67 59 
T 61 59 
T 68 00 
T bS 06 
T "9 21 
T 69 2:! 
T 69 28 
T 69 29 
T 69 :50 
T 69 31 
T b9 3;< 

P 055 
000 
000 
000 
oDe 
000 
000 
000 
000 
000 
000 
000 

A 061 
000 
000 
000 

P 056 
000 
000 
000 
000 
000 
000 
000 
000 

CF' 057 
000 
000 
000 
000 
000 
000 
000 
000 

,. btl 3::! eF
T 69 41 1A 
1 69 47 

000 
oss 
059 
000 
000 
OS8 
059 
000 

'I 70 07 
T 70 21 TA 
T I() :?9 CP 
T 70 31 
, 11 :?4 
T 71 ~5 
T 71 25 
T 71 27 
T n 27 CP 

3-23 

O()() 

000 
000 
000 
060 

19 
12 
19 
12 
19 
17 
l7 
17 
17 
17 
17 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
16 
17 
16 
16 
16 
16 
16 
16 
16 
16 
15 
15 
15 
15 
15 
IS 
15 
15 
13 
15 
15 
13 
15 
13 
15 
13 
13 
13 
13 
13 
06 
13 
13 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
06 
15 
06 
06 
06 
Db 
06 
06 
06 
06 
06 

13 
07 
13 
07 
13 
13 
13 
13 
13 
13 
13 
07 
07 
09 
08 
08 
07 
08 
08 
08 
08 
15 
15 
IS 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
08 
15 
15 
10 
10 
DB 
08 
oe 
08 
DB 
08 
08 
08 
08 
DB 
06 
08 
06 
06 
06 
06 
06 
06 
11 
06 
06 
06 
06 
06 
06 
06 
08 
08 

R3 S 
R2 U 
R3 S 
R2 W 
R3 S 
R2 N 
1<1 
Rl 
R2 N 
Rl 
Rl 
Rl 
R3 E 
Rl 
R:;! IJ 
Rl 
R3 E 
Rl 
III 
R2 E 
R2 E 
R3 II 
R2 S 
R3 N 
R2 N 
R1 
R2 N 
Rl 
R2 S 
Rl 
R2 S 
113 N 
fl2 N 
r<3 II 
Rl 
R2 N 
III 
III 
R2 S 
R3 Ii 
R2 5 
R3 S 
R2 N 
R3 S 
R2 N 
113 S 
R2 N 
R1 
R2 N 
112 II 
Rl 
1':3 E 
Rl 
IU 
R3 W 
R2 \J 
R2 E 
113 E 
R2 E 
Rl 
R2 E 
Rl 
III 
~:! '" 
Rl 
1':2 101 
113 E 
R2 w 
R3 E 
1':1 
Fl2 E 
Rl 
1<1 
R1 
Rl 
Rl 
III 
Rl 
R:> E 
1'13 E 
R2 E 
113 E 
III 
Rl 

o 00680 
o 00695 
o 00700 
o 00706 
o 00716 
o 00737 
o 0()7~1 
o 00896 
o 00946 
o 00950 
o 00981 
o 00999 
o 01126 
o 01136 
o 01145 
o 01148 
o 01156 
o 01156 
o 01197 
o 01.423 
o 01426 
o 01441 
o 01447 
o 01468 
o 01507 
o 01514 
o 01518 
o 01522 
o 0168S 
o 01698 
o 01702 
a fl1112 
o 01740 
o 01753 
o 01775 
o 01795 
o 01821 
o 01865 
o 02034 
o 02082 
o 02088 
o 0:l093 
o 02096 
o 02097 
o 02109 
o 02117 
o 02127 
o 02137 
o 02138 
o 02141 
o 021H 
0021-\7 
o 02150 
o 02151 
o 02162 
o 02167 
o on75 
o 02191 
o 02216 
o 0225S 
o 0226~ 
a 02281 
o 02366 
o 02436 
o 02444 
a O:!575 
o 02575 
o ;)2575 
o 02575 
o 0270B 
o 02714 
o 027:26 
o 02768 
o 02821 
o 03058 
o 00190 
o OO:!7:! 
a 00322 
o 00367 
o 00397 
o 00421 
o 00466 
o 00625 
o 007;23 

F OOOCIO 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F OOO()O 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F" 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 000(10 
F 00000 
F 00000 
F 00000 
F 00000 

1 71 28 
1 71 30 
1 71 30 
T 71 31 
T 71 32 
T 11 34 
T 11 3~ 
T 71 51 
r 11 58 
r 71 58 
r 72 03 
1 72 07 
T 72 19 
T 72 20 
T 72 21 
r 72 22 
T 72 2~ 
T 72 2~ 
T 72 5~ 
r 74 12 
T 74 13 
T 74 IS 
T 7~ 16 
r 74 19 
r 74 26 
1 74 27 
1 74 28 
, 74 28 
T 1S 30 
T 75 32 
T 75 32 
T 75 33 
T 75 36 
T 75 38 
T 75 41 
T 75 44 
T 75 47 
T 7S 52 
1 76 21 
T 16 28 
1 76 29 
T 76 30 
1 76 31 
T 76 59 
T 77 O~ 
T "7 03 
T 77 OS 
1 77 08 
T 77 08 
T 77 10 
17711 
T 77 17 
T 77 18 
T 77 18 
T 77 21 
T 77 22 
1 77 24 
T 77 26 
T 77 29 
T 77 33 
T 77 34 
1 77 35 
178 20 
178 30 
T 78 31 
1 76 49 
1 78 52 
178 56 
T 78 57 
T 79 20 
, 79 21 
T 79 22 
T 79 26 
1 80 os 
1 SO 59 
T as 1~ 
T 85 38 
T 86 06 
1 86 11 
T 66 46 
1 86 51 
T 86 55 
T 87 09 
1 07 21 



LISTING OF RECORDED RANDOM ROUTE TEST DATA (CONTID) 

000 06 00 I<~ E 0 0·)fl86 F OOU(H) T flS 3\1 

000 06 08 R3 E 0 0(19(14 F 00000 T /If I 42 
000 06 OU R~ E 0 0090? F OOOOu T 8u -43 
000 13 1:; Rl 0 00'741 r 00001) T OY ~J 
000 06 as R3 E 0 0()944 r oooou T F!'/ 24 
000 06 oS k:! E 0 00970 F oooou T W,' ~7 

000 06 10 1<3 \I 0 00977 F OOOuo T IW 2B 
000 06 10 R? \.I 0 01000 F 00000 T IW 31 
000 06 08 1<3 E 0 01009 F 00000 T /<'1 33 
000 06 10 fl2 \I 0 01012 F 00000 T U" 33 
000 06 10 R3 \I 0 010::!3 F 000o" T U9 41 
000 06 10 R~ \I 0 01036 F 000/10 T ~S' 56 
000 06 10 III 0 01047 F 00000 T 9') 03 
000 06 10 R~ \I 0 01047 F 00000 T 90 OB 
000 06 10 III 0 01047 F OOOOQ T 90 41 
000 06 10 R: \I 0 01047 r 00000 T 90 43 
000 06 10 RI 0 01047 F 00000 T 90 H 

000 06 10 R2 \I 0 01047 F 00000 T yo 49 
000 06 10 III 0 01047 F 00000 T 90 57 
000 06 10 R2 IJ 0 01047 F 00000 T 9:> 59 
000 06 10 RI 0 01047 F 00000 T 91 02 
000 06 10 R~ II 0 01047 F 00000 T Yl 04 
000 06 10 Rl 0 Ql053 F ooono T Y1 08 
000 06' 10 R2 II 0 01091 F 00000 T 92 01 
000 06 10 III 0 01098 F 00000 T 92 02 

CF' 061 06 10 III 0 01171 F 00000 T 92 55 
000 06 10 R2 E 0 01251 F 00000 T 93 34 
000 06 10 III 0 01260 F 00000 T 93 35 

000 06 10 R2 E 0 01278 .. 00000 T 93 38 
000 06 10 1<1 0 01280 F 00000 T 93 39 
000 06 10 R2 E 0 01287 F 00000 T 93 40 
000 06 10 R3 E 0 01312 F 00000 T 94 01 
000 06 1(1 R2 E a 01312 F 00000 i N O~ 

000 06 10 R3 E 0 01.570 F 00000 T ~·1 21 
000 06 10 R:! E 0 01392 F 000(>0 T v4 24 
000 06 10 R3 E a 01408 F 0000(> T 94 26 
000 06 12 R2 \.l 0 01428 r 00000 T 94 28 
000 06 12 Rl o 01505 F' 00000 T 94 3S 

CP 062 06 12 RI o 01631 F' 00000 T 94 ~6 
TA 064 06 12 Rl a 01650 F 00000 T "4 49 

., 

3-24 



~--

.L (:T 0: lIU/'1PUI1. LDR ~ bJ. \tll~P' 
• :ST 14156 

F.:Uli 008 S:RMPLE F.:ATE 00.5 YEAR 76 t1D1HH 12 . DAY 14 HOUR 12 t,if(. n 

." 
FIFTH l~IHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 

000 06 12 R1 0 00127 F 00000 T 00 26 
TA 064 06 12 R1 0 00219 F'OOOOO T 01 10 
(:p 001 06 12 R1 0 00247 F 00000 T 01 14 

000 06 12 1':2 N 0 00323 F 00000 T 01 22 
000 08 12 R3 S 0 00:386 F 00000 T 01 27 
000 06 12 R2 N 0 00454 F 00000 T 01 32 
000 08 12 Rl 0 00523 F 00000 T 01 38 

(:P 002 08 12 R1 0 005'?0 F 00000 T (12 15 
000 08 12 R2 N 0 00714 F 00000 T 02 31 
000 08 12 R1 0 00741 F 00000 T 02 :33 

000 08 12 1<:2 N 0 00753 F 00000 T o-=-."- 34 
000 10 12 R3 S 0 00758 F 00000 T 02 35 
000 08 12 R2 N. 0 00778 F 00000 T 02 37 
000 10 12 R3 S 0 00797 F 00000 T 02 41 
000 10 12 R2 S "0 '0085~ F 00000 T 03 32 
000 10 12 Rl 

.' 
0 00873 F 00000 T 03 35 

(:p 003 10 12 ·R1 0 00941 F 00000 T 03 43 
TA 029 10 12 .. R1 0 00956 F 00000 T 03 46 

000 10 12 R2 S 0 01045 F 00000 T 03 55 
000 10 12 1':2 r~ 0 01058 F 00000 T 03 56 

TA 080 12 12 R3 s: 0 01119 F 00000 T 04 01 
000 10 12 ~:2 N 0 01125 F 00000 T 04 02 
000 12 12 R2 s: 0 01178 F 00000 T 04 06 
000 12 12 F.: 1 0 01232 F 00000 T 04 20 

~ TA 019 12 12 Rl 0 01274 F 00000 T 04 25 
CP 004 12 12 Rl 0 01361 F 00000 T 04 36 

000 19 16 R2 S 0 01396 F 00000 T 04 41 
000 12 12 R2 ld 0 014'07 F 00000 T 04 42 

TA 018 12 12 1<:2 J.,.I 0 01416 F 00000 T 04 44 .. 
000 12 10 R3 E 0 01438 F 00000 T 04 48 
000 19 16 R2 S 0 01464 F 00000 T 04 51 
000 17 16 . R3 N 0 01474 F 00000 T 04 52 
000 17 16 1':2 N 0 01490 F 00000 T 04 53 
000 17 16 Rl 0 01526 F 00000 T 04 56 
000 17 16 1<:2 S 0 01E.56 F 00000 T 05 23 
000 17 16 Rl 0 01656 F 00000 T 05 29 
000 10 10 R'J ,~. E 0 01727 F 00000 T 05 45 

CP 005 10 10 R3 E 0 01732 F 00000 T 05 45 
000 17 16 R2 S 0 01736 F 00000 T 05 46 
000 16 16 R3 N 0 01796 F 00000 T 05 52 
000 16 16 R2 N 0 01850 F 00000 T 05 56 
000 17 16 R3 S 0 01856 F 00000 T 05 C'~ 

'-' ( 
000 16 16 R1 0 01869 F 00000 T 05 58 .. 000 16 16 R2 N 0 01901 F 00000 T 06 00 
000 15 16 ~.~. • .::> N 0 02028 F 00000 T 06 14 
000 16 16 R2 S 0 02052 F 00000 T 06 37 
000 15 16 R3 N 0 02058 F 00000 T 06 39 

TA 044 15 16 R3 N 0 02070 F 00000 T 06 41 
000 15 16 F.:2 N 0 02084 F 00000 T 06 44 
000 15 16 Rl 0 0208(' F 00000 T 06 44 

CP 006 15 16 Rl 0 0209·2 F 00000 T 06 45 
000 08 12 R2 ld 0 02098 F 00000 T 06 46 
nnn nR 1::> R'? t.I n n::>1f1g F' flflflfln T n,; 4A 
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.L CTO:DUMPUM.LDA 

·:5:T 14156 

RUN 009 SAMPLE RATE 00.5 YEAR 76 MONTH 12 DAY 14 HOUR 14 MIN 20 

pFIFTH WHEEL FEET/PULSE 0002 
/\~ 000 06 12 F.: 1 0 
~ 064 06 12 Ri 0 
CP 001 06 12 Rl 0 

000 06 12 R2 N 0 
000 08 12 R3 S 0 
000 06 12 R2 N 0 
000 08 12 R2 S 0 
000 
000 
000 
000 
000 

CP 002 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

CP 003 
TA 02'~ 

000 
000 

TA 080 
000 

TA 019 
CF' 004 

000 
000 

TA 01::: 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 

OE: 

06 
08 
0::: 

08 
10 
08 
OE: 
10 

Cit: 
10 
10 
10 
10 
10 
10 
10 
10 
10 
11) 

12 
12 
19 
1 ~· .::. 
12 
12 
l';iI 
12 
19 
12 
17 
17 
17 
17 
17 
16 
17 
17 

12 
1,-· .::. 
12 
12 
12 
12 
12 
12 
12 
12 
1 ~· . .::. 
1 ~ . .::. 
12 
12 
12 
12 
12 
12 
12 
12 
12 
1,-· .::. 
12 
12 
12 
1,-· .::. 
16 
12 
12 
12 
16 
12 
lE. 
12 
16 
16 
16 
16 
16 
16 
16 
1 ,_0 

F.:2 1'1 
F.:~: r~ 

R2 :s: 
F.: 1 
F.: 1 
R2 1'1 
F.::::: :S 
F.: 1 

F-:~: s: 
1':2 I~ 

F.::::: S: 
F.:2 Ii 
F.::=: S: 
~:2 S: 
F.: 1 
F~2 s: 
F.: 1 
R1 
R1 
F.:2 S: 
F.:2 I~ 
F.:2 1'1 
F<:1 
1<: 1 
1':2 S 
F.: 1 
1':2 1 .. .1 

1':2 1 .. .1 

~:2 :s: 
F,:2 \(1 
R2 S: 
F.::;: h.l 
F.:2 t1 
R3 1'1 
1':2 N 
R1 
1':2 1'1 
F.::::: 1'1 
F.:2 S 
F.:2 1'1 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

ODOMETER FEET/PULSE 
00117 
00215 
00237 
00335 
OO::::E.~, 

003::::::: 
00410 
00423 
00445 
00456 
00465 
00510 
00579 
00702 
00710 
00718 
007::::2 
00749 
007E.2 
(107:=:E. 
00792 
007';il5 
00854 
I) 0:=:65 
00:=:75 
00886 
00931 
00951 
01042 
01049 
01119 
,)1227 
01268 
01 ~:5:3 
01::::58 
01404 
01415 
0141:;:: 
014:30 
014:37 
01452 
01495 
01501 
01516 
015::::1 
01666 
016E.6 
016E.E. 
01666 
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F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 
F 00000 

0002 
T 0 I) :~:::: 

T 00 ~51 

T 00 54 
T 01 02 
T 01 04 
T 01 05 
T 01 07 
T 01 08 
T 01 1 (I 
T 01 11 
T 01 13 
T 01 40 
T 01 50 
T 02 07 
T 02 08 
T 02 09 
T 02 10 
T 02 12 
T 02 14 
T 02 2~: 

T 02 24 
T 02 25 
T 02 ::=:4 
T 02 ::::5 
T 02 36 
T 02 :37 
T 02 41 
T 02 44 
T 02 52 
T 02 52 
T 02 57 
T I)::;: 17 
T 0:3 22 
T 0:3 '::::2' 
T 0:3 :::::3 
T 03 38 
TO:::: 40 
T I)::;: 41 
T 03 43 
T 0:3 44 
TO:::: 45 
T 0::=: 49 
TO:::: 49 
T 0:3 50 
TO:::: 51 
T 04 12 
T 04 1~: 
T 04 1:3 
T 04 14 

.. 



.L C TO: DUt1PUM. LDA t.~-L/ 
~~ 

.ST 14156 

IWN 010 S:At1PLE RATE 00.5 "(,EAR 76 t'lotnH 12 DAY 14 HOUR 17 MIN 05 

'» FIFTH hlHEEL FEET/PULSE 0002 ODot1ETER FEET/PULSE 0002 
OOD 06 12 R1 0 00116 F 00000 T 01 20 

TA 064 06 12 R1 0 00193 F 00000 T 02 11 
CP 001 06 12 R1 0 (1(1234 F 00000 T 02 16 

000 06 12 1':2 N 0 00350 F 00000 T 02 27 
000 06 12 R3 N 0 00370 F 00000 T 02 29 
000 06 12 R2 t'l 0 00394 F 00000 T 02 34 
000 08 12 1':3 s: 0 003'35 F 00000 T 02 35 
000 06 12 1':2 N 0 (lO~:96 F 00000 T 02 47 
000 08 12 R3 S 0 00396 F 00000 T 02 49 
000 ' 06 12 R2 N 0 1)0396 F 00000 T 02 51 
000 08 - 12' R3 S '0 00396 F 00000 T 02 52 
000 06 12 R2 N 0 00396 F 00000 T 03 06 
000 08 12 R3 S 0 00396 F 00000 T 03 09 
000 06 12 R2 N 0 00396 F 00000 T 03 18 
000 08 12 R3 S 0 00396 F 00000 T 03 18 
000 06 12 R2 N 0 00396 F 00000 T 03 19 
000 08 12 R3 s: a 00396 F 00000 T 03 20 
000 06 12 R2 N 0 00399 F 00000 T 03 22 
000 08 12 R3 S 0 00404 F 00000 T 03 23 
000 08 12 R2 S 0 00404 F 00000 T 03 34 
000 06 12 F.:2 N 0 00404 F 00000 T 03 34 
000 06 12 R3 N 0 00404 F 00000 T 03 36 
000 06 12 R2 N 0 00404 F 00000 T 03 36 ,,. 
(1)0 03 37 06 12 R3 N 0 00404 F 00000 T 
000 06 12 R'-' "C: N 0 00405 F 00000 T 03 38 
000 06 12 R3 N 0 00411 F 00000 T 03 40 
000 06 12 R2 N a 00422 F 00000 T 03 44 

.. 000 08 12 R3 s: 0 00424 F 00000 T 03 45 
000 08 12 R2 s: 0 00437 F 00000 T 04 21 
000 08 12 Rl 0 00503 F 00000 T 05 20 

CP 002 08 12 R1 0 00566 F 00000 T 06 14 
000 (18 12 R2 N 0 00612 F 00000 T 06 24 
000 08 12 R1 0 00623 F 00000 T 06 26 
000 08 12 R2 N 0 00664 F 00000 T 06 40 
000 08' 12 R1 0 00667 F 00000 T 06 40 
000 08 12 R2 N 0 00681 F 00000 T 06 43 
000 08 12 R1 0 00697 F 00000 T 06 46 
000 08 12 F.''-' "C: N 0 00703 F 00000 T 06 47 
000 08 12 F!: 1 0 00705 F 00000 T OE. 47 
000 10 12 R3 ("> 

~ a 00730 F 00000 T 06 52 
000 08 12 R2 N a 00754 F 00000 T 06 58 
000 10 12 R3 s: 0 00770 F 00000 T 07 04 
000 08 12 R2 1'1 0 00770 F 00000 T 07 45 
000 08 1.2 R'-' ,-:> N 0 00770 F 00000 T 07 46 
000 10 12 R2 s: 0 00814 F 00000 T 08 03 
000 10 12 R3 s: .... 0 00817 F 00000 T 08 03 
000 10 12 R2 S 0 00832 F 00000 T 08 05 
000 10 12 R1 0 00840 F 00000 T 08 06 
000 10 12 R2 S 0 00866 F '00000 T 08 09 
000 10 12 R1 0 00870 F 00000 T 08 10 

CP 003 10 12 R1 0 00914 F 00000 T 08 18 
TA 029 10 12 'R1 0 00929 F 00000 T 08 20 

- - ... - ..... ~~~ 
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3.2 RANDOM ROUTE DATA PROCESSING RESULTS 

3.2.1 Location Subsystem (Checkpoint) Results 

This subsection contains the results obtained by processing random route 
test data for Runs 1-10 through use of the CPMAIN program. A complete listing 
of the CPMAIN output for Run 4 is included. The error frequency density and cu
mulative error statistics for each of the other nine runs are also included. 

Two data sheets are shown for Run 10. The first includes only 42 
checkpoints. This run was processed by the computer. Note the occurrence 
of an error in the 1350-1375 foot range. This error is not a valid checkpoint, 
for it was processed at Checkpoint 44 which was erroneously entered for Turn 
44 between Checkpoints 5 and 6 as noted in Table 5-13 of Volume I of this 
report and in Table 3.3-1 of this Appendix. The second data sheet for Run 10 
includes the results of manually computing the errors at Checkpoints 42 
through 62 for Run 10 which could not be processed as a result of tape read 
errors. 
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RANDOM ROUTE RUN 4 CPMAIN OUTPUT 

CP 
:l. 

/ 

8 
9 

10 
:1.:1. 
:1.2 
Li 
:1.4 
15 
16 
17 
18 
19 
20 
21 

6009 
~'~:5B~'5 

"?~5()0 

B2:1.:1. 
l:l29B 
/'~515 

674:1. 
7:1.47 
7969 
78<71 
69~56 

6580 
665~5 

6714 
22 7:1.57 
23 6464 
24 !58(S',/' 
25 62<;>6 
26 6239 
27 61~56 
28 60n) 
29 ~)f.)84 

30 ~:)809 

31 6456 
32 7090 
33 6996 
34 6920 
3~'5 6:316 
v, ::57::)6 
~;;? !570~5 
.:'; B ~::; ~3 <) 9 

.:~ 3 .:.'; C') ? :l 0 

Y I.e!:,' , 

'5'?·::':, 
l. ~ ",:.' :. ".J I. ~ .. ' I. 

6~~:·:.;~; H 
6:::.~22 
.~!):·5B~) 

'1':1.00 
'l3B::I 
'1~~04 

T?::W 
';;",':1. 11 
8:1.:5'; 
D:I,:5:'5 
'l:l.:5 <; 
666:1. 
6572 
69BD 
7~~j44 

79::);'5 
13093 
BO:l.4 
B2/'~:; 

B2:3:~~ 
7'1',S4 
'1203 
6'l:l. :'5 
69~54 
7B:'5B 
,?'y:l. ~;' 

7702 
6 <?:;) 0 
623(; 
6285 
6411 
'7100 
'713313 
7!386 

en ~ I:::UN004 tOOl 

40 '?~:;B9 

41 /'969 
42 7444 
43 69:58 
44 65130 
4:'i 6102 

'1'1340 
71~)9 

6B'78 
6G90 
698B 
6886 

,:,:',;)' J4 
:i, !'.i , .I. ~:} 

::, (;i ~ :1. :!. 
.,.'\ ." 
J. I,)~. f 

:i. (J y t .~) 
l. () I' ;, ~,~ 

:/'2Y:r.:~~ 
:l.2y:/.O 
:L2, B 
:1. 'il' :1. !':i 
:l.OdO 
:/.6~:L6 
15 ,:l~i 
:1.6,:1,4 
10, 8 
:1.2, 8 

r-~2N 
1:::1 
F~ j, 

F~3S 

F~ :1. 
r~ :I. 
H:l. 
1:::2W 
I:;::l 
r-~ 1 
F~:3N 

H:l 
F~3E 

F~l 

JO::2N 
Rl 
R2N 
Rl 

:1.9,:1.:5 Fn 
:1.21 7 Fn 
12 y 6 R1 
:I.,?~:J.:3 R1 
l'l'd3 F~1 
16 y l3 1:::3N 

8y 7 R1 
(Y 6 R1 

:I.:,~ t 6 F~1 

.l.~~: 'J 7 F~1 

:1'?Y:l.~:) R:l 
:1.6 v:l. !',~ R 1, 
:1 :5 y :I.:':; F~ l 
:I.!::i, J. 4 F~l 

:I.:',j,1 R:3E 
:l.6),:l.:I. F<1 
:I.:~ y 6 H2S 
:l.:~y 13 F~:I. 

12y10 FU 
10110 FnE 

8 y:l.O 1:;::3N 
15Y1~i F~3N 

"c.,t":' R:I 
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.'" '1'" \";> t) ,,=,,) 

6~:)::~ .i. 
60:~r.) 
~:.;t:5B!~i 

~::.i ~:5 !:,3 :'5 
";)::P'j 
?~':jO() 

B06\1' 
B:':5:: :I. 

, ·•· ... V(·\ 
,~) / ,;), 

'7:1.47 
'7969 
/910 
6956 
6427 
6656 
6'714 
'7:1.47 
6523 
~)83:;' 

(S ~3 0 () 
6219 
6:1.'70 
6290 
:'5644 
;','i83? 

7090 
69(.~6 

6909 
6321 
558:'5 
~S5!5:3 

5El01 
67:1.4 

.', . . ,::;(J 

~. 1:1 .. 16 
~·".;H46 
;f;,:-'}O? 

6:5~:iB 
6389 
7099 
/:344 
'l204 
/'104 
?}2:!. 
?f;~:;:j';;:' 

8:1,:5:3 
7159 
6f3 :l.3 
'r.!"""'') 

(;h) I K_ 

700Ci 
j'!;;28 
7<;)3:3 
Bl53 

B045 
B202 
n;61 
7~50:l 
6f.)90 
6'1'~55 

804~ 
;'9'1'4 
'7458 
69:30 
6:376 
6307 ' 

.6:'589 
7099 
'71337 
7?3~5 

7~,591 7059 
796<7 '7159 
,'444 bEl'l'S 
69~56 6~'572 

642? )006 
1.)'/,22 7042 

/ 

EI\F~cm 
:'32 

.1.4:',5 
460 

:1, :5 
:1.:'39 
1:3;' 

() 

152 
40 

() 

o 

:1.5;, 
() 

:1.::,)4 
16 
o 

60 
71 

231 
50 

203 
98 

224 
202 
20B 

86 
244 

o 
137 

22 
172 
:1,:52 

8 
4'7 

19 
() 

() 

:1.8 
::.54 



RANDoM BOUTE BUN 4 CPMAIN OUTPUT 

46 5996 6J39 :~ '7i Y.1. 3 Pl 6()26 :~i:~5B 2::;- :i. 
47 5553 6009 Oy 6 R:l 55r5:"5 6009 '~l 

48 5585 ;1>389 8 . , 6 R~5S ~558~5 6389 ' .. ,' 
49 5705 7100 :l6d1 R1 5553 70(")1 :i. ~:'i::.' 
!'"jO 5809 78~58 12, 6 Fcl 5837 8045 20B 
51 6-239 7764 l7d3· F:1 6:~:1. 9 7561 :;) ():.3 
~32 6507 '7341 1O, 7 R3E 6503 733~i 7 

53 70~55 "72/6 16,15 R3N 7045 718l ,'", ~ 7d 

54 7715 7176 lOdO R2E 7785 7154 '7-r ,. \:.. 

55 7891 6661 16116 R1 7910 6813 :I. ~5~3 
.56 7837 6109 15,16 R2S 7814 5989 12:2 
57 7561 5756 6110 R1 7321 5782 :~4 :1. 
58 6865 5846 13 d5 R1 6842 569:1. 156 
59- S988 5938 6, B R2W 6135 5934 147 
60 5988 5938 6, 8 R3W 5988 5938 0 
61 6865 59046- 13r:l.5 R1 6842 5691 1~i6 

62 7561 5756 6,10 R1 7321 5782 241 
63 9-1-76- 5-6-73 ·6-d2-· R4--. 81:;t6· S6n·· 0 

E::VENT MIN SEC 

0:47 VALID 

ERROR FREQUENCY DENSITY CUMULATIVE ERRDR3 
ERROR NUMBER PERCENT ERF\OF~ 'u' EF:FWRH PEr;Ci~.,. 

INTERVAL POINTS OF POINTS FEET LT FEEl ER~G; 

0- J:>I!:'" 
... ~J 20 31.751. 0 13 20 • 63:;,; 

'1 1:"_ 
~ .. O 50 5 '7 t 94% 25 20 31 '" 7~5/;: 
~)o- "75 4 6 + 3~5% ~:;o 26 41 + 2'i'~~ 
·?!5 .... :lOO 4 6.357. 7!5 J"){'\ 

A •• 7 -46 .. 03X 
100- 125 1 1 + ~397. j (1 " . J\,' "X'"1 

... 0)\.1 ~~.:;2 • :3B~~ .. 
125-. 150 6 9 ,. ~52:;~ l25 34 ~':j~~ • 9n: 
150- 175- 1-1 17.46% :1.:'50 40 6~3 • 4(;:'.,. 
200·- 225 7 :L 1 + :1.:1. % :l7~::j ~5.1. (3() • <:;"',' 

225- 250 4 6 • :3~:);,Yt ::::~!~i !:if:) ~~) /') 
.. 

I ", .. '~ t·',:. 

450- 475 1 1 • ~:j9~~: ~:~ ~jO L, r) 
\ •• I,~. '::;a, ,:l, 

4?~!}j 63 :1.00 < ()(: 
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() 

() 

() 

o 
o 
o 
o 
o 
o 
o 
'7 
8 

13 
:1.6 
:1.8 
19 
22 
28 

40 
46 
47 
50 
60 
7:/. 
7:3 
136 
9~5 
96 
98 

'r" , 
I, •.• • 

I """ ... J '? 

'::"2' 
\ ....... 1 

47 
4B 
60 
63 

~m 
4 

20 
4~5 

40 
3~5 
12 

1 
9 

:1.4 
39 
")1::" 
" .. ,J 

23 

:1.3 
1',"'1 
4/ 

<:i 

J.43 .: . .1. 
:l.4~5 :~ 
:1.47 ~:59 

:1. ~5::.:! B 
1~52 ~'37 

:J. ~52 -49 

RANDOM ROUTE RUN 4 CPMAIN OUTPUT 

. i. \ ... :.' 

.:'::':;4 
•• ,".tJ. 
.1.· .. 1 , 

:i. ~:'j {:) 
:I.~57 
:1.72 

20(1 
221 
224 
2:31 
241 
24:1. 
244 
460 

:L9 
44 

6:1. 

26 
3:1. 
30 
50 
46 
213 
24 
~:i7 

62 

.. 

(1VEF~tIGE E::;:F~DF~ 

STANDARD DEVIATION -
103 • O~:) 
92.83 

86:17 ~::: ... I~lPG!::D T I r'lE 
EL0PSED DISTANCE 
ELAPSED DISTANCE 
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·0.00· 
.... :;'7'758. O() 

(FIFTH"WHEEL) 
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RANDOM ROUTE :ERROR STATISTICS, RUN 1 

ERROR FREQUENCY DENSITY 
EF:FWF~ NUi mER PEF(CENT 

INTERVAL ~OJNTS OF POINTS 

0- 2~:5 ~'I "-.&. 
25·· .. !::iO /' 
50- 75 3 
75- 100 3 

100,- 125 • .L 

125- :1.50 6 
:I. ~:50- 175 11 
175- 200 1 
200- 225 6 
225·· .. 250 2 
450- 4"'0::-/;) 1 

CUMULATIVE ERRORS 
ERROR • ERRORS PERCENT 

FEET LT FEET ERRORS 

() 13 20. 97~~ 
2~ 2:L 33 , 8,?;~ 
~:jO 29 46.1"7% 
75 31 ~50 • COO~' 

100 34 54. 84/~ 
" r)l-
_..:...,..J 35 56. 4~)/~ 
150 41 66 t :1.~5;~ 
175 52 i33.87% 
200 53 95.4Bi: 
225 59 95.16/; 
250 61 98.39% 
475 62 100.00% 
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~n. IT?% 
11 .29% 

4 • B,(l~~ 
4;. 84~~ 
1. 61;;: 
9.68% 

17.'74% 
1.61% 
9. (;8% 
3. 23;~ 
t.61;~ 



• 

RANDOM ROUTE ERROR STA TIS TICS , RUN 2 

ERROR FREQUENCY DENSITY 
E:.Fmm~ ,Wi'jDEP\ F"EI:;;CENT 

INTERVAL POINTS OF POINTS 

0·- ::~~.:; :,;~2 "'II' "'I 
92~~ ,,:i"" • 

2~5"- ~:jO l> 9 · ~:,j~.~X ~50'-' ?!5 ::~ 4 • 76:Y. 
~~I~) .... :1.00 3 4 • ?6Z 

1. 00 .. - :1.25 :I. :l · !:5<?:;·: 
:1.25·- 150 6 9 f;:·..., "/ 

.. ... J'; .. I. 

1.::)0- :I.'?5 t·, 
7 :1.4 • '10 14

/ 
A'_ " ,_ 

200· ... "')''')r.:'' 7 :I. :l :I. :1./.: ........ ;;.J · 22~:;·-· "') r:" () 
I.. .... JI,J 4 C) .... ' ..... , 

• ':-':;;/11 
:3 ~:) () .... ~3/'!:) 1 :l · r::-("'\w/ 

,J '1 I. 

4!jO·- 47'5 :l :I. · ~'j9% 

CUMULATIVE ER~ORS 
ERROR 0 ERRORS PERCENT 

FEET LT FEET ERRORS 

0 14 22 + .~.~2% 
2~:i "')"'1 

k ...... ~34. en:::: 
50 29 46 + O:3~:{' 

?5 :3 :L ·49. ::~1~~~ 
100 :3·4 !::; :'5 ~ <? '7 :;~ 
125 35 !:'j!::'j. 5c)~~ 
1 L"' () ... J ~ .. 4:1. ,S!:; .. () t~ ;~ 
175 ~:;O /'~;>. 37% 
225 ~j'7 90. 4B~{' 
250 61 96 • 8~5::~: 
3/'5 62 ·:Pi3. 4:L~~ 
475 6:3 j, 00 • O()~~ 
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RANDOM ROUTE ERROR STATISTICS, RUN 3 

'ERROR fRrUUENCY DENSITY 
[F;:r:DF~ t~UI'jBEF~ F'EF~CENT 

INTERVAL POINTS OF POINTS 

0-- 25 18 ~~<;I • ()3~~ 
:?'~J"" 50 '7 :I.:l • 29;~ 
~:j c. .... 75 3 it • B4~~~ 
75·- :tOO 3 4.B4/. 

:LOO·- 1:25 1 :1. .6:!./. 
:l :2~3·- :1.:::;0 5 8.06% 
1 :50·- :1. 7~!; :L1 :1. 7.74% 
200·- 2:~5 8 :1.2. (;'0% 
:~25'- :~~iO 2 3.23% 
2~50'- 275 1 1 • 61~~ 
2,'5'- 300 1 :I. .6:!./. 
300-- 325 1 :t. 6~./. 
450-- 475 1 :I. .61X 

CUMULATIVE ERRORS 
ERROR * ERRORS PERCENT 

FEET LT FEET ERRORS 

0 12 :t 9 • 3::.:j/~ 
111:" 
":""J :1.8 27)~' ()~:I.: 

50 26 A'1" C) -'l"1 
'i .l .. , '<Y'n 

75 28 -15. l6X 
100 31 50. O()~~ 
:1.25 32 ~:.i:l. + 61% 
150 37 59.613% 
175 48 77.42% 
225 56 90.32X 
250 :58 93 t 5~)% 
"'7 1:-.. ·.1 '-oJ 60 96077% 
325 61 98. 39i~ 
4?5 62 100. OO~~ 
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RWDOM ROUTE ERROR STATISTICS, RUN 4 

EF~FiClF~ FF:E Ol.IEr-ICY DE::l'IFi:r T'f 
ERRClR NUM~ER P~RCENT 

:rNTEF~IJAI... F'DJNT!3 DF 1:'[)I1HB 

0·- 2~:':; 'J ,', ,,_ \J 3.1. • ''''1-"' / \oJ/u 

:'~5- ~:jO I:':' 
•• 1 ? • 94~~ 

~;jO'-
··~I I:~' 

/ .J A 6 • ~5 ~:5 ::.~ 
'?~5'- 100 4 6 • ..• ,;:'''/ \:)~,. 

1. 00-- :L2~J :I. :t • ~j9Z 
:I. ::!'5-" :L50 6 ~-; · r.:o',"" 

.J.:../. 

:l.~JO·- 175 1 :I. :l -;' .46Z 
:200·- :~::~5 7 :1. :t • :1. 1:Y. 
22~:)- 25() 4 6 t' :5~:j~~ 

4~jO"- 475 :t 1 r.~r'·'" + \,J T / • 

CUMULATIVE ERRClRS 
ERROR i ERRORS PER~ENT 

FEET LT FEET ERkORS 

0 l3 20 t 63/~ 
'1L7 .... ,J :~O ~3 :1. ."""'''' ~ ./ \.)/~ 

50 ~6 4:1. r)"'III/ 
.,. ~/ ~'" 

75 29 46. O~~;~ 
lOO 3~5 ~:S2 0 3B/~ 

125 :H ~j:3 f <;:. 7 :>.: 

:1.:'50 40 6:3. 49/~ 
175 51 80 • 9~Yy' 
("J"") I!" 
•.. ~J ~58 92. ()6:;~ 
250 6'") ,'h- 9B.4:i.:::: 
4'75 

, ..... 
b\~ :tOO, OO:Y. 
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RANDOM ROUTE ERROR STATISTICS, RUN 5 

ERROR FRE~UCNCY DENSITY 
EF~F~OI:;: i it )l·;HEr~ r'::~F·:CENT 

I NTI:::R"'(.lL F'():r ,'·.rf'i;i OF F·'('):r: NTS 

0- 25 
... .; 32.B:i.~~ .• .. 

:~5"" ~50 4 <:, • 2~:5~~ 
!;jO'-' '?5 3 4 6<0 11

' 
• ~ I. 

/'5·· .. :tOO i :I. C" lUI • .. ;J,,",,/. 
100·- :L ~':::; 2 -: 

,J • :l.2i~ 
1 ::! ~::; "j' 1 !';j() 

_., 
:l (). r;4~\~ I 

:t ~:J()I- :I. '7:'.; ('\ 
(;) :1.2 /I ~')()i~ 

:l75·- 200 2 -: ..,. :l2% 
200 .... :~~2!J f..~ 

Q ....... UI 

" Y "':) II'~ 

22~5·· .. '11'" I\. ,:.. '::"'1,) ./1 l. ·'·~I::-lIl 
\, .. , "oo .. J/" 

275·,.- 300 :I. :i. I::" 1111 
"" , .. f';J/ .. 

::; ~~i ().po< ~3'i'5 2 ~5 + :1.2/~ 
4.25··~ .«!:i t:) 1 1 . ,. .. } "I 

.,. "·')(:)/"1 

4~j()-· 4'?~~ :I. l 1"·.1. IIi 

• .. :J,:>.I~ 
e:;e)o·· .. f':;?5 :I. :L t::- 1..)11 

~ .. ..I .. :> 1.1 

CUMULATIVE ERRORS 
ERROR f ERRORS PERCENT 

FEET LT FEET ERRORS 

o 
25 
50 
?!5 

100 
12!5 
150 
175 
200 
'1')/::-
10..':" \J 

2:;'i0 
r1-/(:7 
",,' .. I .... I 

37~::; 

4~jO 

57::i 

"-' c),,-;:. 

63 
64 
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:rJ ~~~ v B :L /.~ 

.. ~ ~.; (. :3 :l I,: 
"tf:> v 4·4X 
!s:;) ., :~7:.~~ 
:~Il. 87:1; 
."'1''' .. , :\ n·· 
/ ~J • '" ',)/" 

a4 0 3?~~ 
(YO.f.;2/~ 

(;'2" j, 9:}; 
9!5;, 3:1.;~ 
9 (':i • a~~I/~ 

98 ~ ·44~(' 
;t 00 ;, OO/~ 



... 
RANDOM ROUTE ERROR STATISTICS, RUN 6 

E r:: F:; Cl r~ 
EF<F:()F~ 

INTEF:VtiL 

0·- 'ir.:' 
,\"-U 

:~~5"" 50 
~)().-

.... , ... 
/ ,7} 

'?~J"- :tOO 
:tOO"- :L2~:'j 

:1.25'- 150 
1:::;0·- :L 'i':';i 
:L :J!~j .. - 200 
22!5·· .. ;;~ ~:.) 0 
2?5-- 300 
400··· 4:::5 

1"F:EOUEiJCY IrEi'IE;ITY 
NUMBER PERCENT 
POINTS OF POINTS 

26 4:1. .?41. 
8 :1.2.90;' 
5 8.06/; 
8 1.2. 90% 
3 4. B4/~ 
:I. 1 f C~ :l :;~ 
3 /1 ,; f34~~ 
!5 B. 06/~ 
1 :I. • 61;~ 
:!. :L (. \jl~~ 

:L :I. • 6:L ~'{. 

CUMULATIVE ERRORS 
ERROR i ERRORS PE~CENT 

FEET LT FEET ERRORS 

0 22 ~35. 4B;~ 
.f"\I::-
.:.:. ... .1 

1")-;' "-, ·4:'5 + :j~5~~ 

~)O :35 !:5 fj ~ -4 ~:5 i,~ 
"'I:!'" " ..; "·0 ,~ , I.: ,., (". '\U-

,)..::. • • :t ~.f/" 

100 47 7~5. 81/~ 

125 ~30 fjO + 6~5% 

1 ~50 51 8:2.26/; 
.I ""1-
J./;J :54 B7. 10/; 
200 5~J 9~5 • 16i'; 
~) ~5 () 60 96 t 77i~ 
300 6:L 98 l' :39X 
l "J"" :J. A--.'-J 62 100.00;'; 

0 .. 
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RANDOM ROUTE ERROR STATISTICS, RUN 7 

!:]:;!<r.m i" E::::~;LIj;: liey l1i~1 IE, :ii"'( 
EF~F;:Di:;: i ~Uj ihEr: ! 'F:!'~(:'!:: j'l""j 

IiHE:F;;V{II,. F [iliiT!:; Or: F ij:u,rm 

(l ",' ~!5 ::~: .oJ ," ': 0'" Al'l 
(.a. · 1 rl .. 

2~:;"" 50 .. ::. c.\ ,'e-'" · '''~ .. ,j ;,. 

~;jO·-· "?5 "7 :t {. :?';):I~ -:'i' ~;.;; ,-- tOO :t :I. :t /' + ~-;'4~~ 

:L (){,l .... :i. 2~:S '" 3 
/, ..... ." 

.::. • "..:, ';)/;, 
:!. ::3()·· .. :1.'7:J 4 6 10 I:~II" • "': .. J .. -';, 

:i. :?!:~.- ;.~·:OO ~5 a + O.~:.~:·; 
I·~/":::.-
".. ...... \.., 2~50 :1. :1. · f,:l :i~ 2~.:;O·· .. 2"/'::-; :t :t • \S :L:i.: 
~>-7':'''_ ... "'/1\ 1\ :l ,f, 'l '" 
"- I ... .1 .. ::" .. )1,) ", · \.J I,~ .. 

CUNULAT!VE ERRORS 
~ ERRORS PERCENT ....... , ........ 

r- ... ~;. : , .... :';'i::~::T l::;:~i:~[JF\E) 

0 2~·~ 
.... ,_. .; p.;~;: ,:;· ... i • 

23 :~? 
".. ... ~. 
i \: · ~:i5/.: ,- .. , "z " '.:'iO 00,,: ,JI~I ... J .... v 

?~S ~Z-'l ~:.; ~.~ :~·B/~ 'oJ, · l()O ';18 ·<01,,"", ,.. """l ,. '/ ;. 't~/a: 
.11''','" 1:':(', (;:0 tJ 5 ~.~~ J.k,-: ,J v • 
" , , ~:;··,t r\'" :t ()~'.;: .. , ~,' \jl · r.ll'. "\ 
.... ~ \. \I ~:.;"/ 7'~5 ... 16~~ 
r-·I~ " ';:i:J 9(;,. ''''''·.h' ~",.I\} • I .I' .... 

2?~'j ; 'I t ..... • ... 3(;~'~ \:: .. l' f,j • 
300 t>2 10{) ,." 0" UI 

<, 'v'V./I· 
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RANDOM ROUTE ERROR STA'I!STlCS. RUN 8 

ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT 

IN1ERVAL POINTS UF POINTS 

0- '1'::" ~ ... :.J 2~:; 40.9!.:l7-
2~:j·· .. 50 7 :L:J..48% 
~.'j()"" n~ '7 l;L .4EI% 
7!:i .... :LOO 8 :L:3. :J. :I.;~ 

j 00· .. :1. :;!~) 1 1.64% 
150 .. ·· 175 3 4.92% 
:1 '75,,· 200 4 6.567-
225 .... 250 3 4. (l2~~ 
.~!5()·"· 275 1 1.(:i47-
300·" 325 :1. i • 64~'; 
400·- 425 1 1.64% 

CUMULATIVE ERRORS 
ERROR i ERRORS PERCENT 

FEET LT F~ET SRRORS 

0 21 :~.~. 431: 
2t:j ~!6 42.6!2:Y. 
50 :5~5 ::i4. :l O/~ 
7:~ 3 C? (; :I~ • ~~:~ 7-

:i 00 I"" 
nt I i'? • 05i~ 

1 ~:!5 4E) :7 B • 1.;1 ~>t\i~ 

:L'7G , .... 
,;I,l. t;~:\.6i% 

2()O ~:)5 (lO. :1.6% 
" ")I:~ 
.~ ...... ~" ~5f~ 9:1. .80% 
~50 ~i9 96.72% 
325 60 9t3. ~56% 
.c~2rj 61 :1. 00. O()% 
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RANDOM ROUTE ERROR STATISTICS, RUN 9 

EF,F:()I~ FF,E:nlJE::j-..ICY DEN!3ITY 
ERROR NUMPER PERCENT 

INTERVAL POINTS OF POINTS 

0- '1'-
,.'-~ 26 

25-- 50 :.:; 
~:jO- 75 I' 
75· .. · :l00 9 

:!.O()- :l25 '1 .0-
:1.2:5- :i.~.;O 2 
1 :OJ()_ 11'5 ~:~ 

:l75 oo- 200 .'.J 
225- 250 1 
250·- 2?~5 1 

(1950- 9975 :l 

CUMULATIVE ERRORS 
ERROR * ERRORS PERCENT 

FEET LT FEET ERRORS 

0 20 31.75% 
;')I!!' 
4_",J 26 41.27% 
!50 32 50 t 79/; 
75 38 60.32/; 

100 47 1'4.60% 
125 49 7- '''IO~I , /./w,,, 

150 5:1. 80. 95/"~ 
V'5 54 85.7:li:: 
200 60 95.24/.: 
2GO 61 96.83% 
2;"'~5 62 98.41% 

9975 63 100.00Z 

3-4:0 

41 ,,-'fli 
• .:..11. 

",7.<;'4% 
:l:l · :L:lo i~ 
14.29% -. :l7% .. , + 

3. 17:~ 
4.76/.: 
9. 52~~ 
1 .59% 
1.59/.: 
1 r::-q"/ · -'.- ,,-



RANDOM ROUTE ERROR STATISTICS, RUN 10 

ERROR FRE~~~~CY DENSITY 
eRROR HUMBER PERCENT 

... :U·:TEF:l,IAL F'(JINTS DF PDINTB 

0·· ... ~.:~j :1.:.:2 :"~8. :5n: 
I.': ~ • .:-.. 50 E) U. .90r. 
~~j () .... ",r.:- :3 .... ' :l4% i ,./ I . .... , ... 
/ .. /- :1.00 6 :1.4.29% 

:1.00··' 1.2~:j :t :;~ • :3 Ell; 
'I '-~ "': .... 
,!"4..,, .... :!'~50 =.~ 

.., .., t. "/ 
t , ,:>,,, 

:l;::;0'- 1 /,~"j 4 9 • ~:5;~X 
:L "7::'j- :200 2 4.76% 
,:) .. ~) r":._ 
(. ......... , 2~)O 2 4. '76~~ 
2:~iO··· ~.~75 i 2 v ~5B% 
2?5··- ::)00 :1. 2. :38% 
:?':~:jO·- :;'?5 1 ~1. 38/.: 
3:::"~;··· .. ~ {) () :1. 2. 3B;~ 

:l 3::'iO" :i.37:'5 1 2.3!-)% 

CUi':ULr~lT:r \,JE r.~r;: F~lJF\ S 
EF:HOH il EF;:F~()r~B PEF:CENT 

" 
FEET I .•. 

_I FEE::T Er~FWHS 

0 <7' 2:1. ,43:~~ 
;.:~5 

.1 ••• 
J, .. :) 30.9t3% 

::-i () 17 40 • 4EI~'{. 
1'!5 20 47.6Q% 

100 
.., , 
..... C) 6:L. 90% 

:1.25 2? (~4. 29;~ 

:L50 ~9 69.05% 
1.75 33 7B.57r. 
200 -r..-o 

.:),";) B3.33% 
~~25 

.. ,( 
",''hJ f3:5.7:l% 

250 ~~B 90. 4S;~ 
300 39 92.86% .. 375 40 9!=':; + 24;1: 
400 41 97.62/; 

l37t3 42 1. 00. OO~~ 
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3.2.2 A VM System (Pseudo Checkpoint) Results 

This subsection contains results obtained by processing random route 
Runs 1-10 through use of the RRSL program. Complete results are presented 
for Random Route Run4 . The tabular output error frequency density and cumu
lative error statistics for each of the other nine runs are presented. Following 
the RRSL results obtained by processi~~g Bun 10 are the results of computing 
the location errors at pseudo checkpoints which could not be processed by RRSL. 
This data is followed by the tabulated error statistics for the case of 0 and 5 
percent communication errors. 
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RANDOM ROUTE A VM SYSTEM RUN 1 
',-

NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 
ERROR FREQUENCY DENSITY Ef\ROR FREQUENCY DENSITY 

ERROR NUMBER PERCENT ERROR NUMBER· PERCENT 
INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

, .. _ .. -

0- 25 31 11.52% 0- 25 31 11.527<: 
25- 50 39 14.50% 25- 50 39 14.50:::: 
50- 75 39 14.50:::: 50- 75 .. , ., 38- 14.13:::: 
75- 100 36 13.38% 75- 100 36 13.38:::: 

100- 125 24 8.92% 100- 125 23 8.55% 
125- 150 12 4.467<: 125,... 150 1.2 4.46:::: 
150- 175 23 8.55% 150- 175 23 8.55% 
175- 200 14 5.20% 175- 200 16 5.95:::: 
200- 225 24 8.92% 200- 2~25 24 8.92:::: 
225- 250 12 4.46% 225- 250 12 4.46:::: 
250,-, 275 7 2.60% -250- 275 7 2.60:::: 

-300- 325 1 0.37% 300- 325 1 0.37:::: 
325- 350 2 0.74% 325- 350 2 0.74:::: 
350- 375 1 0.37% 350- 375 1 0.37% 
425- 450 1 Q.37% 425- 450 1 0.37% 
450- 475 1 0.377-. 450- 475 1 0.37:::: 
550- 575 1 0.37% 550- 575 1 0.37% 
600- 625 1 0.37% 600- 625 1 0.37:::: 
CUMULATIVE ERRORS CUMULATIVE ERROf<S 

ERROR t ERRORS PERCENT ERROR t ERRORS PERCENT 
FEET LT FEET ERRORS F;EET LT FEET ERRORS 

?' 

0 2 0.74% 0 2 0.74% 
25 32 11.90% 25 32 11.90% 
50 70 26.02% 50 70 26.02% 
75 111 41.26% 75 110 40.89% 

100 147 54.65% 100 146 54.28% 
125 i71 63.57% 125 169 62.83% 
150 181 67.29% 150 179 66.54% 
175.- 205 76.21% 175 203 75.46:::: 
200 219 81.41:::: 200 219 81. 41% 
225 242 89.967- 225 ··242 89.96:::: 
250 254 94.427. 250 254 94 •. 42% 

_ 275 261 97".03% " 275 261 97.03% 
325 262 97.40% 325 262 97.40:::: 
350 264 98.14:::: 350 264 98.14% 
375 265 98.51% 375 265 98.51:::: 
450 266 98.88:::: 450 266 98.88::::. 
475 267 99.26:::: 475 267 99.26% 

--"'"'0'1::1 268--- 99.~-- .. 575 268 99.63:::: 
625 269 

, 
100.00% 625 269 100.00/.: 

AVERAGE ERROR ,';= 115.44 AVERAGE ERROR = 116.19 
STANDARD DEVIATION = 91.16STANDARD DEVIATION = 91.29 
ELAPSED TIME ::. 5400 ELAPSED- TIME :::' .. 5400 
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RANDOM Rar TE A VM SYSTEM RUN 2 
NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ERROR FR~QU~NCY DENSITY 
ERRGR NUMBER PERCENT ERROR NUMBER PERCENT 

INTERVAL POINTS' OF POINTS INTERVAL POINTS OF POINTS 

0- 25 47 
25- ::.:;0 36 
~50- "75 30 
7t5- 100 18 

:1.00- 12~; 18 
1~!5- 150 14 
150- :I. ?::;j 16 
175- 200 15 
200··· 2:~~~j 4 
22~j·- 2~50 5 
250·- ~!75 f.) 

275·- ~5 O() 6 
300- :32!:i 5 
32~:5- ~3t50 2 
350- 375 3 
400- 425 1 
425- 450 1 
450- 475 1 
475- 500 1 

20.52% 0·- 25 
:L5.72i. 25- -. ·50 
:1.3.10i. 50'- "75 
7.86i. 75- 100 
7.86i. 100- 125 
6.117- 125- 150 
6.99i. 150- 175 
6.55i. 175- 200 
1."75i. 200- 225 
2.18i. 225- 250 
2.62i. 250- 275 
2.627- 275- 300 
2.187- 300- 32:3 
O.137/. 325- 350 
1.31i. 350- 3"75 
0.44i. 400- 425 
0.44/. 425- 450 
0.447- 450- 475 
0.447- 475- 500 

Cl;\' . ILAT I VI:: EF<FWRS CUMULATIVE 
ERROR • ERRORS PERCENT ERROF\ :U: EFmOI:::S 
FEET LT FEET ERRORS FEET LT FEET 

o 
25 
50 
75 

100 

2 0.8"7% o 2 
21 • 40~~ 25 ::-iO 
36.68% 50 85 
49.78i. 75 115 
57.21% 100 132 

125 150 65. 50r. 125 151 
150 t64 71.62r. 150 165 
175 '179 78. 17% '175 180 
200 1 (74 84.727- 200 19:3 
225 200 B7 • 34i. 225 200 
250 203 88.65% 250 203 
275 210 91.70% 275 210 
300 21:3 '93.89"~ 300 215 
325 220 96.07% 325 220 
350 222 96.941.: 350 222 

4a 
36 
30 
18 
18 
14 
16 
15 

4' 
4 
6 
6 
5 
2 
3 
1 
1 
1 
1 

ERRORS 
PEF~CENT 
EF~I:;:OF~S 

2;l .83% 
37 .12~: 
50.22% 
57.64% 
65.94% 
72.05% 
78.60% 
85. :l.5% 
~3"7 • 34% 
88.65i. 
91.707-
93.89% 
96.07i. 
96.94% 

375 225 98.25% 375 225 98.257. 
425 226 98.69% 425 226 98.;97-
450 227 99.137- 450 227 99. 3% 
475 228 99.56% 475 228 99.56i. 
500 229 100.00r. 500 229 100.007-

AVERAGE ERROR = 1~0,45 AVERAGE ERROR = 109.47 

20. (76i. 
15. ·7~i. 
13.10i. 
7.86i. 
7.86i. 
6.11i. 
6.99i. 
6.55i. 
1.75i. 
1.75i. 
2.62i. 
2.62:Y. 
2.1B/. 
0.87i. 
1.31i. 
0.44% 
0.44i. 
0.447-
0.447-

)TANDARD DEVIATION ~ 99.21STANDARD DEVIATION - 99.18 
2LAPSED TIME = 4819 ELAPSED TIME a 4819 
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RANDOM ROUTE A VM SYSTEM RUN 3 

_NO COMMUNICA TION -ERRORS 
ERROR FREQUENCY DENSITY 

5% COMMUNICATION ERRORS 
ERROR FREQUENCY DENSITY 

ERROR NUMBER PERCENT ERROR NUMBER PERCENT 
INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0-
25-
50-
:'5-

100-
125-
150--
17~'i .. ; 
200·-
::,~25·-
250~ ... 
275-
300-
325-
350-

25 
50 
75 

lOO 
125 
1!50 
:I. "75 
200 
225 
750 
2;'5 
300 
325 
3:50 
37:5 

... 

~31 

32 
26 
15 
21 
13 
18 
10 
11 

8 
4 
3 
1 
2 
2 

375- 400 
400- 4 ',r." ",0_ .... J 

1 
1 

550- 575 1 

15.507- 0- 25 
16.007- ~25- 50 
:l3.007- 50- 75 

7.507- 75- 100 
10.507. 100- 125 

6.507- 125·- 1.50 
9.00;~ :I.~:iO- 175 
5.00% 175·- 200 
5.507- 200- 225 
4.00/.: 225- 250 
2.007- 250- 275 
1.50/; 275- 300 
O.50:¥. 300- 325 
1.00? 325- 350 
:l .001:: 350- 375 
O.50? 375- 400 
0.50/.: 400- 425 
0.50? 550·- 5?5 

CUMULATIVE ERRORS 
ERROR • ERRORS PERCENT ERF\OR 

CUiiULATIVE 
:0: Em-WRS 

FEET LT FEET ERRORS FEET LT FEET 

0 3 1.50% 0 3 
25 31 15. 50;~ 25 31 
50 63 31.50/; 50 63 
75 89 44. 50~~ 75 90 

100 104 52.00r. 100 105 
125 ·125 62.50X 125 1.26 
150 139 69.50% 150 140 
175 l57 78.50% 175 158 
200 166 83.007. 200 167 
225 177 88.50X 225 178 
250 0

" :1.8.:') 93.007. 2!50 1S? 
'I-It::: .,. /...; 189 94.50% 275 190 
300 192 96.00/: 300 193 
325 :1. 93 96. 50~~ 325 :l94 
350 195 97. 50Y. 350 195 
~575 197 98. 50Y. 375 . 197 
400 198 99.007- 400 198 
425 199 99.50:Y. 425 199 
575 200 100.007- 575 200 

31 
32 
27 
15 
21 
13 
18 
10 
11 

8 
4 
3 
1 
1 
2 
1 
1 
1 

EF~RORS 
PERCENT 
ERRORS 

:l.50Y. 
15.50:¥. 
31.50{~ 
45. OOr~ 

63. OOi~ 
70 .OO~~ 
79.00Y. 
tl3 + 50:;~ 
89.00Z 
93.50Y. 
95 + OO;~ 

96.507-
97.00Z 
97.50:¥. 
98.50/.: 
99.00:¥. 
99.50/.: 

iOO.OO7-
AVERAGE ERROR = 113.59 AVERAGE ERROR = 112.29 

15.507-
16.007-
13.50? 

7.507-
10.50/.: 

6.507-
9.007-
5.00? 
5.507-
4.007. 
2.00? 
1.50? 
O.50/.: 
0.50;' 
1.00/.: 
C.50/.: 
O.50/.: 
0.507-

STANDARD DEVIATION = 92.84 STANDARD DEVIATION = 91.61 
~LAPSED TIME = 4111 ELAPS~D TIME = 4111 
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RANDOM ROUTE A VM SYSTEM RUN 4 

PSEUDO eF- t ERROR TIME ODOMETER 
1 352 2:12 703 
2 51 2:32 836 
3 41 2:52 988 
4 79 3: 12 1122 
5 1.2 3:32 1231 
6 57 3:52 1352 
7 57 4:12 1352 ... 
8 181 4:32 1462 
9 73 4:52 1558 

10 19 5:12 1611 
11 93 5:32 1775 
12 3 5:52 1823 
13 376 6: 12 1954 
14 15 6:32 2068 
15 21 6:52 2212 
16 153 7:12 2296 
17 44 7:32 2428 
18 91 7:52 2525 
19 32 8:12 2610 
20 10 8:32 2621 
21 31 8:52 2749 
22 150 9:12 2904 
23 18 9:32 2970 
24 120 9:52 3104 
25 241 10:12 3252 
26 384 10:32 3366 
27 85 10:52 3533 
28 67 11:12 3543 
29 66 11 :32 3712 
30 195 11:52 3902 
31 129 12:12 4085 
32 46 12:32 181 
33 150 12:52 330 
34 6 13:12 394 
35 38 13:32 576 
36 420 13:52 726 
37 16 14:12 924 
38 22 14:32 1048 
39 32 14:52 1073 
40 74 15:12 1261 
41 69 15:32 1264 .. 
42 52 15:52 l.275 
43 341 16:12 1464 
44 138 16:32 1671 
45 76 16:52 1813 
46 25 17:12 1931 
47 66 17:32 2091 
48 53 17:52 2151 
49 221 18:12 2235 
50 153 18:32 2334 
51 137 ,18:52 2342 
52 137 19:12 2342 
53 138 19:32 2479 
54 244 19:52 2696 
55 171 20:12 2792 
56 258 20:32 2955 
57 217 20:52 3110 
58 181 21:12 3199 
59 59 21 :'32 - 3373 
60 10 21:52 3554 
61 243 22:12 3721 
62 13 22:32 3836 
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RANDOM ROUTE A VM SYSTEM RUN 4 (CONT'D) ODOMETER 

62 13 22:32 3836 
63 326 22:52 3966 
64 194 23:12 26 
65 J4 23:32 88 
66 13 23:52 112 
67 4 24112 270 
68 86 24:32 381 
69 121 24:52 485 
70 66 25: 12 608 
71 41 25:32 776 
72 68 25:52 879 
73 201 26:12 946 
74 201 26:32 946 
75 55 26:52 1023 
76 70 27:12 1166 
77 70 27:32 1166 
78 124 27:52 1250 
79 296 28:12 1437 
80 53 28:32 1622 
81 27 28152 1631 
,82 209 29:12 1722 
83 319 29:32 1853 
84 404 29:52 1998 
85 165 30:12 2108 
86 72 30:32 2133 
87 72 30:52 2133 
88 255 31:12 2260 
89 33 31:32 2415 
90 178 31:52 2488 
91 85 32:12 2574 
92 91 32:32 2719 
93 226 32:52 2851 
94 162 33:12 2993 
95 58 33:32 3045 
96 166 33:52 3152 
97 155 34:12 3259 
98 298 34:32 3371 
99 83 34:52 3374 

100 124 35: 12 3476 
101 179 35:32 3641 
102 89 35:52 3686 
103 182 36:12 ;,>;794 
104 107 36:32 ~930 

105 63 36:52 32 
106 71 37:12 219 
107 65 37:32 340 
108 32 37:52 489 
109 55 38:12 610 
110 0 38:32 773 
111 34 38:52 936 
112 64 39:12 1083 
113 62 39:32 1206 
114 172 39:52 1340 
115 66 40:12 1394 
116 164 40:32 1511 
117 43 40:52 1558 

.. 118 78 41:12 1665 
119 6 41:32 1800 
120 92 41:52 1937 
121 221 42:12 2094 
122 168 42:32 2225 
123 52 42:52 2382 

"" 
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RANDOM ROUTE AVM SYSTEM RUN 4 (CONT'~) ODOMETER 

125 169 43: 32- 2589 . 
126 82 43:52 2692 
127 99 44112 2877 
128 65 44:32 3078 
129 58 44:52 3083 .. 
130 48 45:12 3117 
131 91 45:32 3309 
132 179 45:52 3355 
133 242 46:19 3451 
134 215 46:39 3636 
135 265 46:59 3824 
136 81 47: 19 3885 
137 81 47:39 3885 
138 150 47:59 4003 
139 72 48119 37 
140 209 48:39 151 
141 15 48:59 228 
142 208 49119 340 
143 28 49:39 463 
144 97 50: 13 580 
145 97 50:47 580 
146 97 51:21 580 
147 97 51:55 580 
148 97 52:29 580 
149 97 53: 3 580 
150' 97 53:37 580 
151 97 54:12 580 
152 97 54:46 580 
153 97 55:20 580 
154 97 55:54 580 
155 97 56:28 580 
156 97 57: 2 580 
157 97 57:36 580 
158 59 57:56 599 
159 29 58116 614 
160 16 58:36 637 
161 127 ·58:56 799 
162 63 59116 831 
163 65 59:36 875 
164 10 59:56 1017 
165 110 60116 1134 
166 10 60:36 1254 
167 306 60:56 1383 
168 230 61:16 1520 
169 179 61136 1665 
170 11 61156 1781 
171 100 62116 1781 
172 133 62:36 1847 
173 148 62:56 1986 
174 106 63:16 2007 
175 106 63:36 2007 
176 61 63:56 2046 
177 111 64:16 2189 
178 28 64:36 2192 
179 52 64:56 2234 
180 8 65:16 2379 
181 8 65:36 2379 .. 
182 137 65:56 2452 
183 167 66:16 2599 
184 29 66:36 2722 
185 182 66:56 2824 
186 145 67116 2977 
187 123 67:36 2988 '* 
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RANDOM ROUTE AVM SYSTEM RUN 4 (CqNT'D) ODOMETER 
188 111 67:56 
189 207 68:16 3129 
190 297 68:36 3275 
191 42 ~8:56 3403 
192 205 69:16 3548 .. 193 21 69:36 3701 
194 25 69:56 3761 
195 226 70:16 3887 
196 287 70:36 3917 
197 111 70:56 3976 
198 95 71:16 3989 

.... 199 163 71 :36 50 
200 168 71:56 216 
201 73 72:16 331 
202 51 72:36 448 
203 153 72:56 602 
204 89 73:16 754 
205 59 73:36 916 
206 70 73:56 1054 
207 60 74:16 1105 
208 117 74:36 1250 
209 226 74:56 1422 
210 157 75:16 1546 
211 118 75:36 1714 
212 57 75:56 1745 
213 259 76:16 1864 
214 112 76:36 1976 
215 187 76~56 2014 
216 68 77:16 2180 
217 6 77:36 2211 
218 144 78:16 3874 
219 43 78:36 4058 
220 54 78:56 135 
221 54 79:16 135 

0& 222 59 79:36 191 
223 155 79:56 378 
224 105 80:16 556 
225 229 80:36 723 
226 62 80:56 823 

'. 227 62 81:16 823 
.228 185 81:36 972 

SIMULATED ERRORS 
EUDO CP '" ERROR TIME ODOMETER 

1 352 2:12 703 
2 51 2:34 851 * 
3 41 2:52 988 
4 79 3,14 1134 
5 12 3:32 1231 
6 57 . 3:52 1352 
7 57 4: 12 1352 
8 181 4:32 1462 
9 73 4:52 1558 

10 19 5:12 1611 
11 93 5132 1775 ... 
12 3 5:52 1823 
13 376 6:12 1954 
14 15 6:32 2068 * 
15 21 6:52 2212 
16 67 7:14 2309 
17 44 7:32 2428 
18 . 91 7:52 2525 
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RANDOM ROUTE AVM SYSTEM RUN 4 (CONT~n' ODOMETER 
19 32 tl112 2610 
20 10 8:32 2621 
21 31 8:52 2749 
22 150 9:12 2904 
23 18 9:32 2970 • 
24 120 ']152 3104 
25 241 10114 3268 
26 384 10:32 3366 
27 85 10:52 3533 
28 67 11: 12 3543 

Ir 

29 66 11:32 3712 
30 195 11:52 3902 
31 129 12:12 4085 
32 46 12:32 181 
33 150 12:52 330 
34 6 13112 394 
35 38 13:32 576 
36 420 13:52 726 
37 16 14:12 924 
38 22 14:34 1048 
39 32 14:52 1073 
40 74 15:12 1261 
41 69 15:32 1264 
42 52 15:52 1275 
43 341 16112 1464 
44 138 16:32 1671 
45 76 16:52 1813 
46 25 17:12 1931 
47 66 17:32 2091 
48 53 17:52 2151 
49 221 18:12 2235 
50 153 18:32 2334 
51 137 18:52 2342 
52 137 19:12 2342 .. 
53 138 19:32 2479 
S4 244 19:52 2696* 
55 171 20112 2792 
56 92 20;34 2975 
57 217 20:52 3110 .. 
58 181 21:12 3199 
59 59 21:32 3373* 
60 10 21:52 3554 
61 50 22:14 3740 
62 13 22:32 3836 
63 326 22:52 3966 
64 194 23:12 26 
65 34 23132 88 
66 13 23:52 112 
67 4 24t12 270 
68 86 24:32 381 
69 121 24:52 485 
70 66 25:12 608 
71 41 25:32 776 
72 68 25152 879 
73 201 26112 946 
74 201 26132 946 
75 55 26152 1023 
76 70 27112 1166 
77 70 27132 1166 
78 124 27152 1250 
79 296 28112 1437 
80 53 28132 1622 

~ 
81 27 28152 1631 

"""'.4,., 
oj .,"'''' 
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RANDO~ ROUTE AVM SYSTEM RUN 4 (CONT'D) ODOMETER 

83 319 29:32 1853 
84 404 29:52 1998 
85 165 30: 12 2108 
86 72 30:32 2133 
87 72 30:52 2133 
88 255 31:12 221;0 
89 33 31:32 2415 
90 178 31:52 2488 
91 85 32:12 2574 
92 91 32:32 2719 
93 226 32:52 2851 
94 162 33:12 2993 
95 58 33:32 3045 
96 166 33:52 3152 
97 155 34: 12 3259 
98 298 34:32 3371 
99 83 34:52 3374 

100 124 35:12 3476 
101 179 35:32 3641 
102 89 35:52 3686 
103 182 36:12 3794 
104 107 36~32 3930 
105 63 36:52 32 
lOt 71 37:12 219 
10:r 65 37:32 340 
108 32 37:52 489 
109 55 38:12 610 
110 0 38:32 773 
111 34 38:52 936 
112 64 39:12 1083 
113 62 39:32 1206 
114 172 39:52 1340* 
115 66 40:12 1394 
116 164 40:34 1525 
117 43 40:52 1558 
118 78 41: 12· 1665 
119 6 41:32 1800 
120 92 41:52 1937 
121 221 42:12 2094 
122 168 42:32 2225 
123 52 42:52 2382 
12~ 67 43: 12 2535 
125 169 43:32 2589 
126 82 43:52 2692 
127 99 44:12 2877 
128 65 44:32 3079 
129 58 44:52 3083 
130 48 45:12 3117 
131 91 45:32 3309 
132 179 45:52 3355 
133 242 46:19 3451 
134 215 46:39 3636 
135 265 46:59 3824 
136 81 47:19 3885 

'f 
137 81 47:39 3885 
138 150 47:59 4003 
139 72 48:19 37 
140 209 48:39 151 
141 15 49: 1 234 
142 208 49:19 340 
143 28 49:39 463 
144 97 50:13 580 
145 97 50:47 580 
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RANDOM ROUTE AVM SYSTEM RUN 4 (CaNT'D) ODOMETER 
146 97 51:21 580 
147 97 51:55 580 
148 97 52:29 580 
149 97 53: 3 580 
150 97 53:55 580 
151 97 54:12 580 , 
152 97 54:46 580 
153 97 55:20 580 
154 97 55:54 580 
155 97 56:28 580 /" 

156 97 57S 2 580 
157 97 57:36 580 
158 59 57:56 599 
159 29 58:16 614 
160 16 59:36 637 
161 127 58:56 799 
162 63 59:16 831 
163 65 59:36 875 
164 10 59:56 1017 
165 110 60:16 1134 
166 10 60:36 1254 
167 306 60:56 1383 
168 230 61:16 1520 
169 179 61:36 1665* 
170 11 61:56 1781 
171 100 62:18 1781 
172 133 62:36 1847 
173 148 62:56 1986 
174 106 63:16 2007 
175 106 63:36 2007 
176 61 63:56 2046 
177 111 64:16 2189 
178 28 64:36 2192 
179 52 64:56 2234 
180 8 65:16 2379 
181 8 65:36 2379 
182 137 65:56 245':~ 
183 167 66:16 2599 
184 29 66:36 2722 
185 182 66:56 2824 
1~6 145 67:16 2977 
187 123 67:36 2988 
188 111 67:56 2994 
189 207 68:16 3129 
190 297 68:36 3275 * 
191 42 68:56 3403 
192 172 69:18 3558 
193 21 69:36 3701 
194 25 69:56 3761 
195 226 70:16 3887 
196 287 70:36 3917 
197 111 70:56 3976 
198 95 71:16 3989 
199 163 71:36 50 
200 168 71:56 216 
201 73 72$16 331 ~ 

202 51 72:36 448 
203 153 72:56 602 
204 89 73:16 754 
205 59 73:36 916 
206 70 73:56 1054 
207 60 74:16 1105 
208 117 74:36 1250 
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RANDOM Rar TE A VM SYSTEM RUN 4 (CONT'D) ODOMETER 

208 117 74:36 1250 
209 226 74:56 1422 
210 157 75:16 1546 
211 118 75:36 1714 
212 57 75:56 1745 
213 259 76:16 1864 
214 112 76:36 1976 
215 187 76:56 2014 
216 68 77:16 2180 
217 6 77:36 2211 
218 144 78:16 3874 
219 43 78:36 4058 
220 54 78:58 135 
221 54 79:16 135 
222 59 79:36 191 
223 155 79:56 378 
224 105 80:18 577 
225 229 80:36 723 
226 62 80:56 823 
227 62 81:16 823 
228 185 81:36 972 
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RANDOM ROUTE AVM SYSTEM RUN 4 

NO COMMUNlCA TION ERRORS 5% COMMUNICATION ERROR 
ERROR FREQUENCY DENSITY EF<ROR FREQUENCY DENSITY 

ERROR NUMBER PERCENT ERROR NUMBER PERCENT 
INTERVAL POINTS OF POINTS INTEF<VAL POINTS OF POINTS 

0- 25 25 10.96% 0- 25 25 10.96% 
25- '50 23 10.09% 25- 50 23 10.09% 
50- 75 52 22.81% 50- 75 50 21.93% 
75- 100 34 14.91% 75- 100 33 14.47% 

100- 125 17 7.46% 100- 125 17 7.46% 
125- 150 11 4.82% 125- 150 11 4.82% 

-. 150- 175 20 8.77% 150- 175 20 8.77% 
175- 200 12 5.26% 175- 200 12 5.26% 
200- 225 10 4.39% 200- 225 11 4.82% 
225- 250 8 3.51% 225- 250 9 3.95% 
250- 275 3 1.32% 250- 275 4 1.75% 
275- 300 4 1.75% 275- 300 4 1.75% 
300- 325 2 0.88::<: 300- 325 2 0.8B% 
325- 350 2 0.88% 325- 350 2 0.88% 
350- 375 1 0.44% 350- 375 1 0.44% 
375- 400 2 0.88% 375- 400 2 0.88% 
400- 425 2 0.88::<: 400- 425 2 0.B8% 
CUMULATIVE ERRORS CUMULATIVE ERRORS 

ERROR t ERRORS PERCENT ERROR :J: ERRORS PERCENT 
FEET LT FEET ERRORS FEET LT FEET ERRORS 

0 1 0.44% 0 1 0.44% 
25 27 11.84% 25 27 11.84% 
50 49 21.49% 50 48 21.05% 
75 100 43.86% 75 98 42.98% 

100 135 59.21% 100 132 57.89% 
125 151 66.23% 125 148 64.91% 
150 165 72.37% 150 162 71.05% 
175 182 79.82% 175 179 78.51% 
200 194 85.09% 200 191 83~77% 
225 204 89.47% 225 202 88.60% 
250 212 92.98% 250 211 92.54% 
275 215 94.30% 275 215 94.30% 
300 219 96.05% 300 219 96.05% 
325~ 221 96.93% 325 221 96.93% 
350 ·223 97.81% 350 223 97.81% 
375 224 98.25% 375 224 98.25% 
400 226 99.12% 400 226 99.127-
425 228 100.00% 425 228 100.00% 

AVERAGE ERROR = 111.65 AVERAGE ERROR = 113.75 
STANDARD DEVIATION = 84.63 STANDARD DEVIATION = 85.61 
ELAPSED TIME = 4784 ELAPSED TIME' = 4784 
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RANDOM ROUTE A VM SYSTEM RUN 5 

NO COMMUNICATION ERRORS- 5% COMMUNICATION ERRORS 
ERROR FREQUENCY DENSITY ERROR FREQUENCY DENSITY 

ERROR NUMBER PERCENT ERROR NUMBER PERCENT 
INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0- 25 30 17.54% 0- 25 30 17.54% 
25- 50 19 11.11% 25- 50 20 ll.70% 
50-- 75 25 
1'5- 100 14 

100- 125 14 
125- 150 10 
150-- 175 9 
175- 200 9 
200- 225 10 
225- 250 3 
250- 275 10 
275- 300 1 
300- 325 3 
325- 350 4 
350- 375 1 
375- 400 4 
425- 450 2 
450- 475 1 
700- 725 2 
CUMULATIVE ERRORS 

ERROR I ERRORS PERCENT 
FEET LT FEET ERRORS 

o 2 1.17% 
25 31 18.13/. 
50 53 30.99/. 
75 74 43.27Y. 

100 88 51.46% 
125 102 59.65X 
150 113 66.08% 
175 124 72.51/. 
200 130 76.02% 
225 140 81.87r. 
250 144 84.21% 
275 153 89.47% 
300 155 90.64% 
325 157 91.81% 
350 161 94.15% 
375 162 94.74% 
400 166 97.08X 
450 168 98.25/. 
475 169 98.83% 
~725 171 100.00r. 

AVERAGE ERROR == 131.19 
STANDARD DEVIATION = 123.78 
~LAPSED TIME = 3445 

14.62% 50- 75 25 14.62Z 
B.19% 75- 100 14 8.19% 
B.19% 100- 125 14 8.19% 
5.85% 125- 150 10 5.85/. 
5.26% 150- 175 9 5.26% 
5.26% 175- 200 9 5.26% 
5.85% 200- 225 10 5.85% 
1.75% 225- 250 3 1.75% 
5.85% 250- 275 10 5.85% 
0.58X 275- 300 1 0.58% 
1.75X 300- 325 3 1.757-
2.34% 325- 350 4 2.347-
0.587- 375- 400 4 2.347-
2.34% 425- 450 2 1.177-
1.17% 450- 475 1 0.58% 
0.58X 700- 725 2 1.17% 
1.17X CUMULATIVE ERRORS 

ERROR • ERRORS PERCENT 
FEET LT FEET ERRORS 

o 
25 
50 
75 

100 
125 
150 

2 
31 
54 
75 
89 

103 
114 

175 125 
200 131 
225 141 
250 145 
275 154 
300 156 
325 158 
350 162 
400 :1.66 
450 168 
475 169 
725 171 

1.17'X. 
18+13'~ 
31.58% 
43.86% 
52.05% 
60.23% 
66.67% 
73.10% 
76.61/. 
82.46Z 
84.80% 
90.06Z 
91.23% 
92.40% 
94.74Z 
97.087-
98.25% 
98.83% 

100.007-
1.29.31 AVERAGE EF.:FWR == 

STANDARD DEVIATION = 122.87 
ELAPSED TIME = 3445 
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RANDOM ROUTE AVM SYSTEM RUN 6 

NO COMMtJNICA TION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ~RROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0·- ")I"!" 
,:,."J 

:~~5- 50 
50-- 75 
75- 100 

100·- :1.25 
125- 150 
150- 175 
175- 200 
200- 225 
225·- 250 
250·-, 275 
275·- 300 
300·· 325 
35G·- 375 
400·- 425 
425- 450 
CUMULATIVE 

ERROl;: :8: ERFWF.:S 
FEi;:: r LT FEET 

Co 2 
2!5 30 
!50 62 
/'5 91 

:LOO :L:l3 
12~:; 127 
:i. 50 154 
175 165 
200 173 
225 :L78 
250 :t87 
27!5 190 
300 196 
325 200 
375 2()1 

2f:l 
33 
29 
23 
14 
2"7 
11 

8 
5 
9 
3 
6 
4 
1 
3 
2 

E~~fWF.:S 
PERCENT 
EFmlmS 

(). 97/~ 
14.56i: 
30dOZ 
44.17% 
54.85% 
61.65;:'; 
74.76% 
80.10% 
S3.98% 
86.41/: 
90.78% 
92.23% 
95.15% 
97.09% 

13.59% 
16.02% 
14.0S% 
li.17% 

6.BO% 
13.117-

5.347-
3.BS% 
2.43% 
4.37% 
:1..467-
2.91% 
1. 94/~ 
0.49% 
1.46% 
0.97% 

ERRor, 
F~:ET 

0 
25 
50 
75 

100 
:1.25 
150 
1/'5 
200 
225 
250 
275 
300 
325 

0- 25 
25- 50 
50- 75 
7~5- :1.00 

100·- 125 
12!5'- 150 
1~50- 1.75 
175-- 200 
200- 225 
22!5- 250 
250- 275 
27~j- 300 
300- '''''")1::-,:).,.-.J 

35()'- 375 
400- 425 
·425- 450 
CUMULATIVE 

:11: Ef\FWRS 
LT FEET 

2 
30 
62 
91 

114 
128 
154 
l6~1 

172 
1/'7 
186 

-189 
195 
200 

28 
:33 
29 
24 
14 
26 
10 

8 
5 
9 
3 
6 
5 
1 
3 
2 

ERRORS 
PERCENT 
ERFWF\S 

0.97% 
14.56% 
;:~O .10% 
44.17% 
55.34:-:: 
62+14% 
/'4.76% 
79.61% 
83.50% 
85.92X 
90.29X 
91. 75X 
94.66X 
97.09% 

375 201 97.57X 97. 57X 
425 " 204 99.031.: 425 204 99.03X 
450 206 100.00% 450 206 100.00% 

AVER~GE ERROR = 113.21 AVERAGE ERROR = 113.67 

13.59% 
16.027-
14.0S% 
11.657-

6.BO% 
12.627-

4.85% 
3.B8X 
2.43% 
4.37% 
1.46% 
2.91% 
2.43% 
0.497-
1.46% 
0.97/; 

STANDARD DEVIATION - 93.08STANDARD DEVIATION = 93.93 
ELAPSED TIME = 4141 ELAPSED TIME = 4141 
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RANDOM ROUTE A VM SYSTEM RUN 7 

NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0- "11::" 
"' ... 'o.J ~52 :l2.31% 0- 25 

25-· :30 32 12.31% 25- 50 
50- 75 35 13.46% 50- 75 
75- 100 31 11.92% 75- 100 

100- 125 35 13.46% 100- 125 
125·- 150 19 7.31% 125- 150 
150- 17!5 21 8.0S% 150- 175 
1'75- 200 15 5.77"1. 175- 200 
200- 225 6 2.31% 200- 225 
225- :~50 14 5.38"1. ,.,,.)t::&_ 

.-..::..~ 250 
250- 275 5 1.927- 250- 275 
,., .... t-
.:../.:J- ~)oo 6 2.311. 275- 30{) 
:~OO- 325 1 0.381. 300- 325 
3!50- 375 1 0.381. 350- 375 
3:75- 400 3 1.15% 375- 400 
400·- 425 3 1.15% 400- 425 
475- 500 1 0.38% . 475- 500 
CUNULATIVE EF~ROr.:S CUNULATI\.IE 

EF:F\OF~ :11: Eti:FWRS PEF':CENT ERFWF.: :If EF.:RORS 
FEET LT FEET EI~ROF.:S FEET LT FEET 

, 25 33 
~50 65 
75 99 

:LOO 130 
125 :l66 
150 184 
:1.75 205 
200 220 
22!5 228 
2~:;O 243 
2~'5 245 
300 25l 
:32!:; 2~5:2 

l2.69:;'; 
25.00/0 
38.08% 
50.00% 
63.85% 
70.??% 
78.851. 
84.62/; 
87.69/0 
93.46% 

25 
50 
~7~:i 

100 
125 
150 
17::i 
200 
22~5 
250 

33 
66 

101 
17 "-) .. "'-
168 
186 
206 
220 
228 
24~5 

94.23% 275 245 
96.54% 300 251 
96.92/0 325 252 

:.!.?5 253 97.31/0 375 .. 253 
.<'/00 "256 98.46/0 ·~OO 256 
425 259 99.62/0 425 259 
500 260 lOO. 00% 500 260 

32 
33 
36 
31 
35 
19 
20 
14 

6 
14 

5 
"-'6-

1 
1 
3 
3 
1 

EF~rWr.:S 
F'EF.:CENT 
ERtWF.:S 

12.69% 
25.38% 
38.85% 
50.77% 
64.621. 
71..54% 
79.23"1. 
84.61% 
87.69% 
93.46% 
94.23% 
96.54% 
96.92% 
97.31r. 
98.46% 
1:;9.62% 

100.00% 
AVERAGE ERROR = 116.33 AVERAGE ERROR = 115.31 

12.31/0 
12.69% 
13.857-
11.92% 
13.467-
7.31r. 
7.69r. 
5.38% 
2.31r. 
5.38% 
:L.92r. 
2,,311. 
0.38% 
0.38/.: 
1.151. 
l.15% 
0.387-

STANDARD DEVIATION - 89.38STANDARD DEVIATION - 89.35 
ELAPSED TIME = 5161 ELAPSED TIME = 5161 
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RANDOM ROUTE A VM SYSTEM RUN 8 
NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ERROR FREQUENCY DENSITY 
ERROR NUMBER PERCENT ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

0- 25 27 
25- 50 46 
50- 75 36 
75- 100 26 

1~0- 125 19 
125- 150 20 
150- 175 23 
175- 200 13 
200- 225 13 
225- 250 11 
250- 275 9 
275- 300 3 
300- 325 1 

_Z25- 350 1. 
375- 400 3 
400- 425 1 
425- 450 1 
475- 500 1 
CUMULATIVE ERRORS 

ERROR I ERRORS PERCENT 
FEET LT FEET ERRORS 

o 3 
25 28 
50 74 
75 109 

100 135 
125 ". ·1:5'5 
150 176 
175 197 
200 2.10 
225 224 
250 235 

1.187. 
11.027. 
29.137. 
42.917. 
53. :l57. 
61.027. 
69. 29/~ 
77.567. 
82.687. 
88.197. 

10.637. 
18.117. 
14.177. 

0-
25-
50-

10.247. 75-
7.487. 100-
7.877. 125-
9.067. 150-
5.127. 
5.127. 
4.337-
3.547. 

175-
200-
225-
250-

25 
50 
75 

100 
125 
150 
175 
200 
225 
250 
275 

27 
47 
37· 
27 
19 
20 

'23 
13 
13 
11 

7 
1.lS7. 275- 300 ~5 .' ' 
0.397. 300- 325 1 
0.397. 325- 350 1 
1.187. 375- 400 3 
0.397. 400- 425 1 
0.397. 425- 450 1 
0.397. CUMULATIVE ERRORS 

ERROR I ERRORS PERCENT 
FEET LT FEET ERRORS 

o 
25 
50 
75 

100 
125 
150 
175 
200 
225 
250 
275 

3 
28 
75 

111 
138 
158 
179 
200 
213 
227 
238 
244 

1.18Z 
11. 02Z 
29.537-
43.70Z 
54.337-
62.20Z 
70.47Z 
78.74% 
83.867. 
89. 37;~ 
93.707. 
96.06Z 

275 243 95.677- 300 247 97.247-
300 246 96.857. 325, 248 97.647-
325 247 97.247- 350 249 98.037-
J50 248 97.647- 400 252 99.21Z 
400 251 98.82Z 425 253 99.61% 
425 252 99.217. 450 254 100.007-' 
450 253 99.61Z 
500 254 100.007-

AVERAGE ERROR - 114.63 AVERAGE ERROR - 111.47 

10.637. 
18.507. 
14.577. 
lO.637. 

7.487. 
7.87:>.: 
9.06% 
5.l27. 
5.12% 
4.337-
2.76% 
1.187-
0.397-
0.397-
1.i87. 
0.397-
0.397-

STANDARD DEVIATION - 89.67 STANDARD DEVIATION = 85.82 
ELAPSED TIME - 5141 ELAPSED TIME = 5141 
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------ ------

RANDOM ROUTE A vrv.'[ SYSTEM RUN 9 

">', NO COMMUNICATION ERRORS 5% COMMUNlCA TION ERRORS 

ERROR FF.:ECWENCY DENSITY EF~F~CJF~ FF::EOUCNCY liEl~S I TY 
EF\FmR NUMBER PEI~CENT Er-~I:~OF\ Nl.!!-IBER PERCENT 

INTERVAL POINTS OF POINTS INTEF~VAL PClINTB OF POINTS 

0- 25 27 11.747. 0- 25 27 1:t. '747. 
25- 50 31 13.487. 25-. 50 31 13.487. 
50- 75 35 15.227- 50- 75 35 15.227. 
75- 100 31 13.487. 75- 100 31 13.487. 

100- 125 22 9.577. 100- 125 23 10.00% 
125- 150 23 10.007. 125- 150 23 10.00/. 
150- 175 19 8.267. 150- 175 19 8.267. 
1"75- 200 12 5t22~ 175- 200 12 5.22X 
200- 225 13 5.657. 200- 225 12 5t22~ 
225- 250 8 3.487. 225- 250 8 3.487. 
250- 275 2 0.8n: 250- 275 2 0.87/.: 
275- 300 -r 0.437. 275- 300 1 0.437. 
300- 325 1 0.437. 300- 325 1 0.437. 
325- 350 1 0.437. 325- 350 1 0.43/. 
350- 375 2 0.87Z 350- 375 2 0.87/. 
400- 425 2 0.87/0 400- 425 2 0.87/0 

'" CU11ULATIVE EF<:FmRS CUNULATIVE ERROF\S 
ERROR * EF\RORS PERCENT ERFmR :U: ERI:::ORS PERCENT 
FEET LT FEET EFmORS FEET LT FEET ERRORS 

0 1 0.43% 0 1 O.43Z 
25 28 12.17::1. 25 28 12.17% 
50 59 25.657. • 50 59 25.65% 
75 93 40.437. 75 93 40.43::1. 

100 124 53.91Z 100 124 !53.917. 
125 149 64.78Z 125 150 65.22% 
150 169 73.487- 150 1"70 73.917. 
175 189 82.171- 175 190 82.61Z 
200 201 87.397. 200 202 87. 83:~ 

" 225 214 93.047. 225 214 93.047. 
250 "221 96. o 9/.: 250 221 96.09% 
275 223 96.96% 275 223 96.96% 
300 224 97.39% 300 224 97.397. 
325 226 98.26% 325 226 98.261-
375 228 99.13:Y. 375 228 99.13% 
425 230 iOO.OOr. 4'10::-.:..;;J 230 100.00t. 

AVERAGE ERROR .. - 108.83 ,IWEF..:AGE EI~r\oR = 108.45 
STANDARD DEVIATION -- 76.97 SHit-WARD DEVIATION ::: 76.68 
ELAPSED TIl1E .- 4601 ELAPSED TIt1E = 4601 
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RANDOM ROUTE AVM SYSTEM RUN 10 

NO COMMUNICATION ERRORS 5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ERROR FRCQUENCY DENSITY 
ERROR NUMBER PERCENT ERROR NUMBER PERCENT 

INTERVAL POINTS OF POINTS INTERVAL POINTS OF POINTS 

ERROR 
FEET 

25 
50 
75 

H)O 
1:25 
:l.50 
17~5 

200 

250 
275 
300 
350 
-iOO 

0- 25 
25- 50 
50- 75 
75- 100 

100- :125 
:l2!;i- 150 
1.50- 175 
175- 200 
200- 225 
2=~5-' 250 
250- 275 
275- 300 
325- 350 
375- 400 
425- 450 
775- 800 
CUl'1ULATIVE 

:0: EF\I:::ORS 
LT FEET 

17 
42 
67 
87 

102 
U.8 
129 
:L34 
140 
l45 
146 
149 
150 
151 

15 
21 
30 
21 
13 
17 
11 

6 
6 
5 
1 
3 
1 
1 
1 
1 

ERRORS 
PERCENT 
EF"\RORS 

11.11:::: 
27.45% 
43.79:::: 
56.86:::: 
66.67% 
7"7.12/: 
84.31% 
87.58% 
91. 50/~ 
94.7n: 
95. 42~~ 
97. 39/~ 
98.04:::: 
98.69:::: 

9.80:r. 0- ,., ,,-
,.'..~ 13 

13.73:r. 25- 50 21 
19.617. 50·- 75 30. 
13.73:r. 75- 100 22 

B.50:r. 100·- 125 13 
l1011:r. 125- 150 17 

7.19:r. 150- 175 11 
3.92:r. 175- 200 7 
3.92% 200·- 225 6 

.. 3 .. 271::- 225·- 250 5 
0.657. 250·- 275 1 
1.967- 275- 300 3 
0.657- 325- :350 1 
0.65:::: 3"75- 400 1 
0.65:::: ··425- 450 1 
0.65:::: 775- 800 1 

CUi'IULATIVE ERROF~S 

ERF:OR :n: EF\FWRS PERCENT 
FEET LT FEET ERRORS 

25 15 9.80:::: 
50 40 26.14:::: 
n'i 65 42.48:::: 

·100 86 56.21% 
125 101 66.0D': 
150 117 76.47:::: 
175 :l28 83.661:: 
200 134 87.58:::: 
225 l40 91.50:::: 
250 - 145 94. 77/~ 
275 146 95.42/: 
300 149 97.39:::: 
350 150 98.04:::: 
400 151 98.69:::: 

450 ~ 152 99.35:::: 450 152 99.35:::: 
800 153 100.00:::: . 800 ,. 153 100.00:::: 

AVERAGE ERROR = 109.42 AVERAGE ERROR = 111.07 

B.507. 
13.737. 
19.6:J.7. 
14.387. 

8.507. 
l1oH:r. 

7.197. 
4.587. 
3.927. 
3.277. 
0.65:::: 
1.961:: 
0.657-
0.65:::: 
0.65% 
0.65:::: 

STANDARD DEVIATION = 94.81STANDARD DEVIATION = 94.46 
ELAPSED TIME = 3063 ELAPSED TIME = 3063 
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MANUALLY PROCESSED RANDOM ROUTE AVM SYSTEM 
ERRORS, RUN 10 

PCP ERROR TIME ODOM 

.. 154 0 53:34 1032 
5 267 53:54 1538 
6 293 54:14 1618 
7 562 54:34 1626 
8 341 54:54 1700 
9 22 55:14 2150 

160 73 55:34 2590 
1 253 55:54 3006 
2 269 56:14 3588 
3 117 56:34 4222 
4 309 56:54 4578 
5 385 57:14 4984 
6 30 57:34 5248 
7 178 57:54 5336 
8 36 58:14 5426 
9 118 58:34 5958 PCP'=158' 

170 182 58:54 6022 
1 171 59:14 6266 
2 30 59:34 6646 

3 126 '59:54 6838 

4 67 60:14 7240 

5 52 60:34 72(;0 

6 58 60:54 7620 

7 229 61:14 7888 

8 228 61:34 7964 

9 80 61:54 8454 

180 92 62:14 8988 

1 89 62:34 9370 
2 62 62:54 9578 

3 123 63:14 9646 

4 269 63:34 10050 

5 82 63:54 10274 

6 35 64:14 10596 

7 56 64:34 10824 

8 291 64:54 11140 

9 20 65:14 11470 

190 109 65:34 11920 PCP'=109' 

1 99 65:54 11930 

2 15 66:14 12030 

3 208 66:34 12506 
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MANUALLY PROCESSED RANDOM ROUTE A VM SYSTEM 
ERRORS, RUN 10 (CONTID) 

PCP ERROR TIME ODOM 

194 38 66:54 12744 

5 222 67:14 12946 

6 169 67:34 13356 

7 566 67:54 13754 
8 48 68:14 14038 

9 48 68:34 14038 
200 297 73:14 17368 

1 93 73:34 17638 
2 91 73:54 17982 
3 35 74:14 18038 
4 88 74:34 18166 
5 86 74:54 18464 

6 62 75:14 18918 

7 39 75:34 19408 
8 53 75:54 19794 
9 8 76:14 19856 

210 21 76:14 19868 
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RANDOM ROUTE RUN 10 AVM SYSTEM ERRORS 

No Communication Errors 5% Communication Errors 

Error Frequency Error Frequency 
Density No. Samples Density No. Samples 

" 0- 25 21 0- 25 21 
25- 50 30 25- 50 30 
50- 75 3S 50- 75 38 
75-100 30 75-100 30 

100-125 17 100-125 16 
125-150 18 125-150 18 
150-175 13 150-175 14 
175-200 8 175-200 8 
200-225 8 200-225 8 
225-250 8 225-250 8 
250-275 5 250-275 5 
275-300 5 275-300 5 
300-325 1 300-325 1 
325-350 2 325-350 2 
375-400 2 375-400 2 
425-450 1 425-450 1 
550-575 2 550-575 2 
775-800 1 775-800 1 

Cumulative Error Distribution Cumulative Error Distribution 

No. Samples Percent Samples No. Samples Percent Samples 
Error LT Error LT Error Error LT Error LT Error 

25 21 10.00 25 21 10.00 
50 51 24.29 50 51 24.29 
75 89 42.38 75 89 42.38 

100 119 56.67 100 119 56.67 
125 136 64.76 125 135 64.28 
150 154 73.33 150 153 72.86 
175 167 79.52 175 167 79.52 
200 175 83.33 200 175 83.33 
225 183 87.14 225 183 87.14 
250 191 90.95 250 191 90.95 
275 196 93.33 275 196 93.33 
306 201 95.71 300 201 95.71 
325 202 96.19 325 202 96.19 

-! 350 204 97.14 350 204 97.14 
400 206 98.10 400 206 98.10 
450 207 98.57 450 207 98.57 
575 209 99.52 575 209 99.52 
800 210 100.00 800 210 100.00 
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3.2.3 Random Route One-Tenth Mile Averages 

This subsection contains the results obtained by processing Random 
Route Runs 1-10 through use of the RRTEN program. The format is as 
follows: 

Street Segment No: 

1 2 3 4 5 6 7 8 9 10 

11 12 13 14 
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Average Errors Over One-Tenth Mile Segments of 
Random Route Runs 1, 2 and 3 

RUN :I. RANDOM ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

~:jl:;) :I. '?<? :1.1~3 :1.02 .1.:22 2:1.4 106 22'7 :l134 :';'i6 
7~5 :l:l4 96 B4 :1. Elf] ::;j :1. :L :1. ::j 221.> 7f] 10:5 

2!:,jl:/ le)O :1.::'j1. 20:'5 :367 B4 ;1.42 :1.52 :1.7:1. 75 
if'; 79 4 .. ·· ./ :l ~54 :\.:36 no :1.~3a <»0 1:1.4 liS;/. 10:3 

CT:I.JF:UNOO:l. .O():1. 

:1.22 o·x 
, ,J :U3B :1.7:3 (?:3 :L:l6 1:1.7 :1.05 "i'~5 '7'"' , ,J 

:1.9'7 :1.:1. ()I :37 ::j'7 :1.02 128 :1.2:1. ('M :/.1 ~5 :1.213 
:I. 9~5 :I.:I.B :1.:3:1. :7~'5 :1.::0 :L~~7 :1.4'7 :I. ():~J 1.:1.<;> 6B 

5:1. :1.:1.:1. :1.:1.:1. 1:::j:'.'i :1.29 '74 204 67 :1.24 :I. :1.4 
:1.3:1. "'11"· I,:) :L2:~ :1.:1.:3 i3:::i :1.2:1. :1.48 :1.35 1'74 '.7!3 

j:;:UN i') .'. 1:;:I:~NDD1'1 F\OUTE 
,~~IjEr~(.lGE EI\f~OF~ IN FEE'r OVEr: ONE .. -TENTH HILE SEGMENTS 

:l.6E! (:-\ (;) :1.2'7 ?6 :I.'7(? ',?)() '7~:j B:3 9f] 6B 
'.;-1- El(? ~:; :I. !::ns :?2"7 -'1:3 '" l ,. <.> :I.~5::3 :1. 06 1,'75 

;1.46 :1.:1.4 B9 ;.:~09 ::l:5i3 :l.O::'j 99 :1.42 :1. :'5!;> :1.04 
86 '.7:/. :1.27 :1.44 94 :1.4() '/6 B~:.) :I. 4:3 :1.46 

;jcI.9f.l :1.34 :1.79 60 ":/1::-
I , .. I :I.:1.? 2~~~:; :1.2:;) /t El3 

CT:I. t 1:;:l.JNOO~.!. {)():1. 

:L49 (3':;;- j ~)"J ...... ~ :1.44 194 '70 :I.~53 :1.6:1. :1.42 ~~~5~::; 

2Nl :;:;B(y J.4!7i 1:1. S! B:I. :1.:1.0 ;;'~3 2~D. :I. ,,/2 71 
:1.02 93 :I. :3::! 90 :l (?!:'.; :J. l }2 :76 :~:~59 6'7 .u :J.02 
:1.20 7 ft 9 cP :1.4(;> :I.:r.:':i t!:) ,l. 6:1. ('i<~ 22~'5 1:1.4 

74 

FWN 3 1\('~NDOh 1:~()l.JTE 

tiVEF~'~l(3E EI\F~ClF~ IN FEET CJIjEI~: (JNE .... TENTH rIlLE SEl3I1ENTfJ 

126 !3 J. !:'i7 68 134 1()2 :1.3:3 51 '12 2B 
:l.7~5 :l!::;2 :7B :1.40 4!3 8"" .. \.J 83 236 BO :lO~~ 

138 :1.:1.7 :l6!.:i :I.4~~ :1.54 :I. :I. ::l ~:)24 12<;' 207 125 
:l16 93 /'0 :1.61 94 7:1. 1413 :1.46 :1.46 :L 7:':5 

*17,1) 9!5 :1.:29 :1.:1.:7 12:1. HH 12:1. :1.03 :t !:-j:1. 13:1. 
CT:l~r-;:UN()()3.()Ol 

:l:I. 0 :1.2:5 ;L07 :1.29 1:1.2 ~! () () 96 :1.39 ~52 ~1:35 
:l:l. ~5 :I.:lB :1. :1. () 14:'5 :l.O6 :1.04 :I.'?? :I. ~5\? 1:1.6 7:3 
lEI 8 62 1:1.5 1:3:1. 1 :1. () 1!52 66 99 98 1:l9 

81 8':1 I.' H)7 8:1. BB 71 77 97 89 
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Average Errors Over One-Tenth Mile Segments of 
Random Route Runs 4, 5 and Composite 

HUN 4 Fa~Nn{)t1 HOUTE 
AVEr';:AGE EliFWli IN FE'ET DVEI:;: ONE'·'TENTH 1"HLE f.lEGMENTB 

144 1:34 ni '78 :1.03 80 :l.2~:5 65 '75 !7,i'; 
'?'7 26~5 :1.20 '76 16('r f:l~5 :L:l6 202 64 81 

148 '70 8'7 166 25'-1 105 :1. 12 1:1,1 :ll !» 15:1. 
74 85 :1:14 1:35 94 160 8''Z ,~ 2:36 :1. 90 132 

*162 1413 129 122 94 100 :1.4~5 94 13'7 8'7 
CT:l~RUNOO4.001 

123 88 80 12!'5 100 9~~ :1,:1. :3 BB 1513 :1.60 
147 149 :l10 64 10'7 1:39 186 19:1. :L:l6 66 

54 118 :1. :1.:3 :l56 :L18 62 14:1. 9:1. '72 148 
63 88 95 80 108 44 76 :1.72 149 :1.01 

HUN 5 1:::(~ND(Jt1 I:;: OU T I:;: 
AVERAGE EI:::HDI::: IN FEET CJIJER ONE-TENTH l1ILE SEGi1ENTS 

253 149 127 :1.08 ns 93 :1.02 2<75 160 85 
46 89 .f.l4 '78 208 11<7 212 142 ~~48 139 

:I. 7'7 :1.53 9:3 174 4~r; 359 :1.74 :U3~3 9'7 :1.04 
139 106) 164 228 103 180 1:1.5 125 :1.88 191 
231 :1. '7'1' 28~7'j 102 97 :1. 1 ~:5 270 91 60 :L:l <)l 

*:l:lO :l:I,7 16'7 147 83 149 194 214 134 75 

CT 1: FWN()05. 001 

8"" ,J 15:1. :1.01 41 153 155 :330 406 1.03 65 
139 69 ;I.O:l 149 :l45 13~5 85 14f.1 :L10 11 <? 

163 88 60 50 39 82 126 :1.:1.7 88 

COMPOSITE PRIMARY HUNS 1-5 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

150 128 104 87 113 116 108 144 118 59 
92 141 85 112 167 107 120 193 115 1'20 

163 110 117 179 315 153 170 144 147 112 
99 80 126 161 99 142 102 141 166 149 

178 129 182 115 96 126 176 103 89 99 
:L38 107 86 120 118 128 135 139 :L39 190 
149 185 119 88 117 129 182 214 125 69 
107 114 114 140 139 113 114 129 94 120 
:L12 82 97 95 8'; 7'7 98 123 145 97 74 
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Average Errors Over One-Tenth Mile Segments of 
Random Route Runs 6, 7 and 8 

HUN 6 F;:I~IND(JM F~()UTE 

AVEF;:f.IGE EI:;:HDI::: IN FEET Clt)EF: ONE-TENTH 1111..1:: SEGMENTS 

1313 613 7:1. :l.W,il lAO :L 4::) 96 Hl2 83 :1.68 
106 :1.2t:J LI.O 92 :1.~'9 96 c)2 247 :I. :I.~') :LO:3 

, c: r) 
) ..... 59 77 <)l!3 97 :1.<)l4 :L62 94 1:1.7 107 

n5 9a .f I:"') 
J.. .... J".;... !5 :l 63 ';0 122 B'; 10:1. (;:3 

*:l2~) :1.:1.:3 :U3:t 80 :LO:3 11(; :l.2:l :1.!3B 85 109 
en HWNO()6. 00:1. 

:l1'7 ' "1 0", 99 1213 77 49 8(t 5(t 7'7 713 
228 :1.4:l 266 '72 ~H :1.17 :1.:31 :1.1.)7 100 80 

94 69 ni 94 89 136 :1.04 127 :1.4:1. :1.09 
:l~,2 (;0 97 :l.O!:'i 8:3 :1.513 91 96 125 713 

67 

HUN 7 F;:(.lNDOM F:OUTE 
(WER,~)GE EI:;;I:~()F~ IN FEET Cl!"'EF~ ClNE'-TENTl-I 111I..E SEGMENTS 

92 7:1. '76 134 82 :I.~52 103 1.:36 102 HO 
:llO H!5 [:3() 10!5 84 214 7:3 199 n5 lO6 
1 :1.3 74 69 5:1. :1.03 160 :J.7:l 4!5 :lOB 85 

*1:1.8 Bt') 1:54 60 '73 109 1:34 1.30 133 :l'71 

CT1!RUNOO7.001 

134 81 18!') 6!5 144 :l:L4 132 160 98 106 
77 1~15 :13!5 (to 163 5'-}> 86 132 6B 83 
77 107 16!') :312 6!'.) 9FJ 9:3 1!:i7 10:1. 119 

17['5 BEl 72 9:3 B4 1'7:l :1.22 :L:L2 57 48 
:1.23 12()l 2:36 12:1. 125 56 1!54 1::"") 

.. JIo'.. <,;>5 12'';> 
105 E!~, 

HUN 8 l:::i~NDOM FWUTE 
AVEF:AGE El:::FWR IN FEET OVE/::: ONE'-TENTl-I llILE SEGMENTS 

11'7 B3 98 72 97 :I.:L7 1!59 119 92 136 
63 139 59 9~5 164 8E! !5B 226 49 82 
76 50 :1.04 9:3 8!5 162 :1.76 78 9:1. 81 

* 71 6B :1.74 57 49 89 :/.6:/. :1.:1.7 :1.23 6:1. 
CT1tRUNO()8.0()1 

106 126 12:3 91 :L 1~5 8~5 101 161 :1.46 !59 
fl5 147 142 17:1. :/.21 54 125 150 78 1.16 
73 205 6:3 466 '75 72 77 94 ~:14 :L06 

.. 51 :1.:3:3 77 7'7 94 l5B '77 94 :~~,7 l2(';> 
:L::i7 102 89 132 2113 81 :1.09 42 67 :l45 

77 :1.24 
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Average Errors Over One-Tenth MUe Segments of 
Random Route Runs 9, 10 and Composite 

RUN 9 RANDOM ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

f.) '7 1-33 85 :1. :l ,~, 1:1.c) :t ~7iB :1.24 :1.0:1. 94 :1.22 

~i5 0:3 90 <19 149 84 'i'3 :l~5 4 1313 :1.04 
'7'7 '76 '70 BO :1.0"7 :1.i:l4 :l.6~5 60 :1.19 B6 
~j~:j :1.013 146 1013 50 :I. :1. '7 :1.10 :1.1.0 100 92 

*:l~~8 104 1 '7:5 :l:l2 :1.29 9:1. :l:33 90 :l2~~ 69 

CT:I. : FWN009 • ()() 1 

:L:I.2 :lOB 913 :1. :3~:5 "77 6'7 :1.80 8'''' :1.08 lO7 .' , ,.1 

1::'i6 1:1.9 2'76 136 <n :1.:3::'i :1.1.9 :1.56 BO :L ~S2 

1:1.9 1:3:1. :1.0:3 79 :1.09 :1.:32 99 9'7 :l62 10l 
1:1.0 :1.42 67 163 96 132 '72 94 131 '73 

71 

RUN 10 RANDOM RUUTE 
1:~l,}I:}~{~GE EF:I:~CH;: :: H 1':1:::1:::'[ (JIJER ClNE·· .. TENTH NILE SI::GMENTS 

~:; ~:;j 76 49 :L:l.D :1.:1.'7 1 1 :> .. :> 
A .. I ... 96 :1.28 :1.00 :1.20 

laO '?6 B? 12~:! lOb ll~'5 98 :1.24 :l ~:.~2 74 
69 94 :1.:3:1. ?~5 B5 :LB4 :tT? B7 9:L 106 

166 bEl H9 143 77 66 ci9 lO'l 8~\::' B7 
*:1.:1.9 :l.cib ';>0 :1.:33 :I.,~,O HB :1.41 :l:l.7 :I. !3~~ 176 

CT:I. ~ RUNO:l.O. OO:L 

95 :1.00 :1.48 84 :1.20 180 57 913 
?ERR 6:1. ILLEGAL MENORY REFERENCE 
IN ROUTINE ".MAIN." LINE 40 

COMPDSITE !3ECON1)(.~RY FWNS 6 .... 1 0 
AVERAGE Ef~ROR IN FEET OVER ()NE~-TENTH MILE SEGMENTS 

94 76 76 :1.2,-:' no 134 115 l33 9-1 :I.;:n 
89 112 86 102 128 105 73 190 100 94 
79 n 94 79 95 :l77 170 ?3 105 93 
9"7 85 :l.4~~ 84 62 94 :1.25 111 lOB 101 

124 :1.:1.8 :l5:l 96 130 102 126 13"7 127 104 
97 :L10 124 :l22 112 82 107 102 96 96 

:l34 143 :l9~5 234 78 106 lOS 1.44 91 114 
:t:lo 105 82 86 94 137 10l 108 :l49 97 
131 He) 122 118 :1.31 94 :lO7 ?1 :lOS :lO6 

3-68 

,. 

i-30 1()4 
.. 



I} 

-- ---~ ----------

3.3 RANDOM ROUTE DATA PROCESSING REQUffiEMENTS 

During the recording of random route data, three manual entry errors 
occurred which required special consideration during data processing. These 
errors and the necessary considerations are described in Table 3.3. 1. It is 
also noted that the second cassette on Run 10 could not be processed. As noted 
in Volume I ,Section 5.4 , the last 21 checkpoints of this run were processed 
manually from the dump. 
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Random Route Data Processing Anomalies 

RUN NO. PROBLEM SOLUTION 

1 TA63 entered twice Deleted last TA63 prior to 
after CP56 CP57 via card input 

in RRSL and RRTEN 

9 CP64 entered instead Changed occurance 
of TA64 at beginning of CP63 to TA64 via 
of run card input in RPMAlli, 

RRSL, and RRTEN 

10 CP44 entered instead Changed CP44 to TA44 
of TA44 after CP5 via card input to CPMAlli, 

RRSL, and RRTEN 

10 CP61 entered instead Changed CP61 to TA61 
of TA61 after CP55 via card input in 

CPMAlli, RRSL, and RRTEN 

10 Couldn't process data Manually computed results 
from second cassette from dump. 
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4. FIXED ROUTE 

4.1 FIXED ROUTE TESTS 

4. 1. 1 Fixed Route Test Log Sheets 

A log sheet describing the test conditions and any anomalies was filled 
out at the completion of each test run. Copies of each fixed route test log 
sheet are contained in this subsection. 
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T EST 

TEST RUN NO._~/.c...:.'/ ___ _ 

DATA LOG 
Srtu:/-~ / '310 
f......i~ 1'(5'0 

I :ty" SHEET NO. __ OF _, __ 

TYPE OF TEST: rlxe.d ~f~ DATE: /3 JA,.,1977 

BRIEF NARRATIVE DESCRIPTION OF TEST_--:-____________ --:--

l?%1f"'~t=~J~~V Ir~~ 
~ 76' ~~. ' 

ROUTE IDENTIFICA TION'~ ;?::tfII~ +---- ..:......./ 
~ ,pi 11~ _~n_n • 

EVENT MARKER NUMBER, ~¢ /-1 ,-,...;.. ~ 
_____ /- U -A-. ~.-

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .,./' , , , 

VEHICLE UNIT THRESHOLD LEVElS: 1 - 5S-c!~2 -1'lJ~ 3 ..:. i)i.-S'fIOi.. .,' -

ODOMETER CAL: '171 FPP ~ 5TH WHEEL CAL 812 FPP , ,z. ... , ... ' 

Rl DROPOUT SWITCH: orr@ '-OTHER : 

TEMPERATURE: ZL(i: PRE.CIPITATION: IJ·), ~ ROAD CONDITIONS: j;>;.~-'!' 
TEST TAPE NO(S). 11--' (' I { - 2- FILE NO ..... - ....... "~''''-'''' " 

~AMPLE RATE: O.f"s;;c(".n ~ r ;.on: 
TEST DIRECTOR . 'VJ/~ 

. RON TIME: \ a () /M(.tJ - ( ----'>+/----
JiO .. _.M..ol~o-dl- \ ">t} </, 0\)01'" TSC MONITOR J) !(.t-<.....{ ,f. t\, {(LJ,,,,:,:-
.............. J!,"~~'f'~-r 
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TEST DATA LOG 

TES T HUN NO ._---.:I:....:~_=__ __ SHEET NO. I OF I 

TYPE OF TEST: rA,-.....J ~ DATE: ,-l )-11 

BRIEF NARRATIVE DESCRIPTION OF TEST _______________ _ 

ROUTE IDENTIFICATION:~ .--'£c...:~~-7-'J=-lJ(C .... ~"'-=:..;:::....----------

EVENT MARKER NUMBER: / ~_·,....~c..:.,'-..,.'-~.,.:::t::..,_~/--,.....:-I S~= _____ =' '"--l' mA~~=-:...._' _____ _ 
75<'" ~L~:::l /-76 ~ ~ 

)J.4;.;\ ~,4 r 7 '--
rp .3 

rp s 
rp " TP 'b 
,p 10 

if /I 

EQUIPMENT UTILIZED/TEST CONDITION: VEIDCLE UNIT NO.: .. ,., 
'-----

VEIDCLE UNIT THRESHOLD LEVEL'3: 1 - 'i'ida ..... 2 -7;}J61Pt.3 -1~ctB-;;...:. "h 

ODOMETER CAL: 'tnt; FPP_.2._5TH WHEEL CA!21J":" FPP . -z.;..:'" .. , 

Rl DROPOUT SV~:TCH: Off/@) .. ' :OTHER: 

TEMPERA}'URE: 11~'fPRECIPITATION: ,)'0 ROAD CONDI'fIONS:. ,?~. ___ ~_'~ ~ ' .. 
.... TEST TAPE NO(S}. la-\ i \",,- '2.. FILE NO. _____ ,--___ _ 

SAMPLE RATE: f>, ~ ~ 1/ 
,. TEST DffiECTOR.. . ~~" - - - .- ... ,- .. 

RUN TIME: <j1.('tMM . ::=;; J. k'0 
rQ ......... J .(")_.J' ~. I\.1.11Q TSC MONITOR Dc?;nc. I" ,;( , /U::V.4;, 
...,......r-~~\.;:u..:.:A"'\"' ·!.tOD .... 

jJ...rs fJ 5' S'-II.. 
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T EST D A T A 

TEST RUN No. __ 1_:3 ___ _ 

TYPE OF TEST: F 1(' E]) fLo",- T E-

LOG 
"5T111ll /, S' () ..,. 
£N() 11 8 0 

SHEET NO. _,_ OF ~. 

DA TE: I - J 3 - 7 7 
BRIEF NARRATIVE DESCRIPTION OF TEST _______________ _ 

ROUTE IDENTIFICATION: I-I(/~~ ~J ~ 

EVENT MARKER NUMBER: &M.tF "OIN(~ I-~C' oJ O~ P€-n.. 
_ __________ --=C::;....":.,:-4!=f.,& .0".;6 1- 7" ;N (i.t ij;;-,-,fL._'~-._. -___ _ . -

. .. . . . . ~~.n. 

T,b 1/ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .... , . 

VEHICLE UNIT THRESHOLD LEVELS: l-~" 2 -71...· 3 .:..~"'\.. .. ~ ... 

ODOMETER CAL: 111 FPP ~5TH WHEEL CAL 87Z. FPP 20" ..•.. 

Rl DROPOUT SWITCH: Off@ .. ' :OTHER: 

TEMPERATURE: :J.i f PRECIPiTATION: cJo ROAD CONDITIONS: TW-y' ... t. 
TEST TAPE NO(S). l~-, ~ t~-"'\.. FILENO . - - ............ - ..... -_ .. -

SAMPLE RATE: O~., ~ ~ 
. --. TEST DIRECTO ~tZt:././· -,.~ 
RUN TIME: "jOb"I,v' - ~_ . \ (\ IJ '.,. 
C/ */,sd 1h1fll#'«.. --() Oo#t" 'Jot TSC M ONlTOR \..oJ • t\. <.. •. 

It .1, ~,~ 12' 

, '. 
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-.,rrilf/..r ;20 :2 , 
/;--V(/) • ~ 1 If' 0 T EST D A TAL' 0 G '-

TEST RUN NO. 11 SHEET NO. L OF I 
~ ---

TYPE OF TEST: HIE I X ~D ~o '1.T E:-- DATE: I -/ ~ -77 . 
BRIEF NARRATIVE DESCRIPTION OF TEST ------------------------

-) -
ROUTE IDENTIFICATION: 11-' ;- /!EO r;cJfATE 

rl' 'I 

EQUIPMENT UTILIZED/TEST CONDITION: VEffiCLE UNIT NO. :._l.J--___ _ 
VEHICLE UNIT THRESHOLD LEVELS: I-t;) 2 -7~' 3 -1'1.. _. 
ODOMETER CAL: crt? FPP~5TH WHEEL CAL872.. FPP . 2' ... 

Rl DROPOUT SWITCH: Of~ .' :OTHER: _____ . _______ _ 

TEMPERATURE: 2tj°f PRECIPjTATIC)N: lIoNJl.. ROAD CONDITIONS: 12M"\' 
TEST TAPE NO(S).I'I-t 4IHJ.. I r-!.. FILE NO.' ... - """ "--f--"" .. 
SAMPLE RATE: P ,T . TEST DffiECTOR . .. ," ...................... ,. 

RUN TIME- ., 5 ""i..-J , I} , . 'J . r ~ 
.il $ ""Q~e; O~ _!.!-liYW l~ TSC MONITOILf1~ w,~ 

7" __ \ .., rei -5 :.:::Jfuw!:J) lJ I Z ~"'-"'-

. " 

L!-5 
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( 

( 

S'"I"R.T ,,~o 

TEST DATA LOG 
eND ~af~I~Q,-____ _ 

TEST RUN No._-'-1-=5=--__ _ 

TYPE OF TEST:Jj!" fl x~ J. 12o",-+e. 
SHEET NO. _,_ OF ...... 1 __ 

DATE: 1-,)-11 

BRIEF NARRA'l1VE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICATION: r\ i? f l y-e J. 1Co~ i~ 

EVENT MARKER NUMBER: 

l· /~Z)~ri·· 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: " "/ . , , 

VEHICLE UNIT THRESHOLD LEVElS; 1 -{, 2 -71-· 3 - r"L : ... , 
ODOMETER CAL: ';7'1 FPP~5TH WHEEL CAL ~ 77..FPP . "Z;. ...... . 

Rl DROPOUT S\VITCH: Off/e2 .. ' :OTHER: 

TEMPERATURE:~30F PRECIPITATION: !VOllo(, ROAD CONDITIONS: ~~ --.\. 

TEST TAPE NO(S). I t)- \ ~ 1,--;;.. FILE NO. - .... - ............. --~ .. 

l:?AMPLERATE: 0.5' TESTDffiECTO~t/'~" ..... 
RUN TIME: ~ 10 ""',,.} - ~. t..::."->_ ) ~ (I L ' 
'-1 J~ .-J. TSC MONITOR ~",--<.D ~ t\· \.. ,)":-:--
&"JAf5~ 1TI/IN£-f1 r " 

CJ 1-'1. I p".y,s '1S 

~ / 7/,i\-\ .. i ! Z ~ 
. " 
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T EST D A T A LOG 

<; r~T 23 ~ 1(13)77 
~7V(J 003-6 

ij;4jn 
TEST RUN NO. It:, _ SI~EET NO. _1_ OF -+ 
TYPE OF TEST: F / X t:--V r{( 0 III IE-; DATE:! - / '2- '11 . 

• 
BRIEF NARRATIVE DESCRIPTION OF TEST. ______________ _ 

ROUTE IDENTIFICATION: do ff~4t{ et xu ~~ 7~ . 

_ .. ~ .. 
. ~~-. 

i ~ ...... . 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ..... / . 

VEHICLE UNIT THRESHOW LEVELS: 1 .-"'- 2 - 7c.:. 3 ---'- ~~. ~ .. . 

ODOMETER CAL: "7 q FPP~5TH WHEEL CAL 17'L FPp· t ...... . 

Rl DROPOUT SWITCH: Off/(fi2 .. ~'OTHER : 
TEMPERATURE: d.:~O PRECIPITATION:~ ROAD CONDITIONS: -~.\. 

~~~:~~~~~:(S)·::i' wa-J 16 .. 2. FII"~ENO. ·W~~-. ,I TEST DIRECTOR . ~... . \I - .•.. , ...... .. 
RUN TIME: 10 ." , . /;/ 
J1~~ : ()[4\W llHM <"(12 'r TSC MONITOR ~ /./1 ~'t.1-J. 

l)~ . \ 1..~ 5" sf , 
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0<3->0 
----.--:;::::r-

10 I., 
TEST DATA LOG 

TEST RUN NOo_''-1-'--__ _ 

TYPE OF TEST: t\r"l.» £1 xe; J. ~O"" te. 
SHEET NO. _,_ OF --,-I _ 

DATE: '-"-\~1\ 

BRIEF NARRATIVE DESCRIPTION OF TEST _______________ _ 

ROUTE IDENTIFICA TION:, _____________________ _ 

TP~~ __ -------------------------------·-··-··-··----

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .... , . 

VEHICLE UNIT THRESHOLD LEVELS: 1- n- 2 -72-' 3 - ~"t... •. : 

ODOMETER CAL: '11 FPP_1._5TH WHEEL CAL' 1~ FPP . 'l,;.' .... • .•. 

R1 DROPOUT SWITCH: Offt€) :OTHER : 

TEMPERATURE: 30o
y:: PRECIPITATION: /JION~ ROAD CONDITIONS: lh?(' ... \. 

TEST TAPE NO(S).1 1-,' :1:( I 7- ~ FILE NO - •... . ........ __ .... --- .. 

SAMPLE RATE: &1." , ~ I /IJ '" 
. • TEST DIRECTOR . ~ 7~""'" 
RUNTIME: 'b~~... . ~ v:k: 
1J,)/;ifJC(: OPt9N1 ~.5Dli TSC MONITORW.t\. ~~ 

rr4 l~fit.\ 5~'l)" 
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----------------- --- -----

~. 

T EST D A 'h A LOG 5rlfn..r I c> -:1-cJ 

TEST RUN NO. 11', ___ _ 
/:"p Q 1'J.-o 0 

SHEET NO. _,_ OF ~ -

BRIEF NARRA TlVE DESCRIPTION OF TEST ---------------------

ROUTE IDENTIFICATION: _______________________ _ 

EVENT MARKER NUM:BER:, ___ :--_--:--r--r--;=---::--::"...--_-=_,_-.---I-+r __ _ 
~.Cf'f elo'c J AT Ir #$ 71t 0:::0 ~{ 'S" ~ 14<,X M 

7" ~ , " .. - , ,- -

rP 

EQUIPMENT UTILIZED/TEST CONDITION: VEmCLE UNIT NO. :, __ '_' __ 

VEHICLE UNIT THRESHOLD LEVELS: I _ ~ 'S,... 2 "'1 L ' 3 ... t '1- ' ~ 

ODOMETER CAL: 77 q FPP t... 5TH WHEEL CAI%?l. FPP z.:.'.. " 

RI DROPOUT SWITCH: Off/G)' OTHER ! 

TEMPERATURE: ,t~D~ PRECIPITATION: -G"",O,,", ,ii, ROAD CONDITIONS:f)~--jf.i€!j~ 
TEST TAPE NO(S}.IJ -, i /8-2.. FILE NO. .-' ...... -... -- - .. 

SAMPLE RATE: 0 ..; \)1\ , ("'\ 
, • TEST DIRECTOR B ~ W '.If ... , '~- ...... 

RUN TIME:. \Qr, \1,\\1 - f\.}.AIY-
O"'M(: QLl0t" 'J..-5\~~ TSC MONITOR ~ .1\. i~ . 

~ .l').. -~ 11JcfL 
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T EST D A T A 

TEST RUN No._/ ..... 1 ___ _ 

TYPE OF TEST: & t 1:1] 'R O"...t-( 

LOG 5r~r: J33C) 
q;.,O :lS" -a C 

SHEET NO. , OF 

DATE: 1- ,At ~'11 

BRIEF NARRATIVE DESCRIPTION OF TEST _______ ~ ________ _ 

ROUTE IDENTIFICATION: J.lvlf~~ FtK.ej !Co ~f"1. 
V 

EVENT MARKER NUMBER: ________________ ~------
D~ ... ~,,,,e.,J A"I ........ . 
Tf' , 

1""P 11 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :.=_::' '==~~ __ .; 
VEHICLE UNIT THRESHOLD LEVELS: 1-~~ 2 -11..' 3 '-' t"\ ... : .. . 

ODOMETER CAL: i 11 FPP_Z._5TH WHEEL CAL ,1 z.. FPP . t.: .. " .. . 

RI DROPOUT SWITCH: Off~ .... :OTHER: 
. ~ • . . SL·O "'/"'1 S~":'i..!'........:;.~· TEMPERATURE:'I-~2 PRECIPITATION: '" "" ROAD CONDITIONS: i4~T."~ 

TEST TAPENO(S).I'-I ~ Itt ... " FII~If NO o - ..................... ----

~AMPLE RATE: 0 . ~ ~~/j l)1-.-o;::v 
TESTDIRECT.OR ~~tr-~!~~ ~ .. ~ .... -" 

RUN TlME: 2~cz.,:" cPiH...... --
P,'1RNcs: cfJldi't /1'"'1' B.fJ.! TSC MONITOR. . . 

$""" < , 'tel' 
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T E S 'T DATA 

TES T RUN NO.----'..'ZQ"""-___ _ 

TYPE OF TEST: r-/lC~ l. ~ot--te. 

LOG ~ rAIlr...L(-=':...;;o_tJ~ __ 
CAlI;) u1 C) 

SHEET NO. _, __ OF -L 
DATE: 1-lj-11 

BRIEF NARRATIVE DESCRIPTION OF TEST, _______________ _ 

ROUTE IDENTIFICA TION:, ______________________ _ 

EVENT MARKER NUMBER:, _____ --,-_."...,.. __ --.J'---=-........ ---= ...... ______ _ 
2)00'" Cluc.j AT /. ~ Cp·~? 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: , ... , '---=----
VEHICLE UNIT THRESHOLD LEVELS: 1 -.S~ 2 -1"L-' 3'" i"'" : 

ODOMETER. CAL: "'~ FPP_'1.._5TH WHEEL CAL 771.. FPP·~···""··" . 

Rl DROPOUT SWITCH: Off..@2..:0THER:'-. ______ --.-..,_...,,-

TEMPERA TURE: ~).. PRE~IPiTATIC)N: ~~. ROAD CONDITIONS: ~ 
TEST TAPE NO(S). ~O-' ~ lo -l-. f.{.-ILENO." ..................... -- .... . 

SAMPLE RATE: D., ~~IJ~ . ,lfl_ Qld 1III1it/ TEST DIRECT,OR ".J' "p,'" ';,.e". - ....... . 
RUN TlME: - .., FI, "t. TSC MONITOR ~"", ~.~ ~. ' D,' P#"e..~:. apcM ___ -- -

'i'~ ? 
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TEST DATA' LOG l ., :~ a 
TEST RUN No._.:::..:1:,....:, ___ _ SHEET NO. ~ OF _, __ 

DATE: I - I "t .. '11 TYPE OF' TEST: Fit ~J g~ 1 -(. 

BRIEF NARRATIVE DESCRIPTION OF TEST - AlIIIffi C!moICl4'!W"". "MlJ ~luW OF' 
.,.. .... .,.-sL \w ."... ""-"" .f I.""GIII': ~ ~~ "'~ RchI4 "n1e ~ sc.u.uc 
3 "'ib 'it ,. &.NLG.e dC.UN"f. - """u.s - 'lIil' ~se; utE 

~ wilen Ib 8GU ... CC;: rP ADo'lI~1 R'fE :I" wffeWL ""iCC ,m:k;; uP :...,'. ffTHK 
~=wt& st\EC \T lIsT ~ IS I\f/tt. ""R4C ~ LoJI~lo,OUiIL'~ ~ 
.rF ~ "1'WT' VEK(CU' ,.,au. 4!UDIi u:FT o4i. f2.lQtC'r ~ , 

ROUTE IDENTIFICATION:' -------------------------------------------

~I\ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: " " ---------
VEHICLE UNIT THRESHOLD LEVElS: 1 -~., 2 -n.. ' 3 '~ J .... ,' ~ ., 

ODOMETER CAL: q lq FPP t. 5TH WHEEL CAL 17L' FPP . t:.".... . .. 

Rl DROPOUT SWITCH: Off@) :OTHER ! 

TEMPERATUR.E: SSF PRECIPITATIC>N: tt·SN.", ROAD CONDITIONS: z"""i";~ 
TEST TAPE NO(S). ,,-, tw4 ~1"2... FILENO." ..... ~- .. -. 

f?AMPLERATE: 0.5" TESTDIRECT~orj,/~-' ...... 
RUN TIME: D(O 1'A\\a.) - vii, 
"'11"'Atwe: OP(;1P1... \>. ~ltl' TSC MONITOR. A· t\kA~ 

~ 'W ~,'\C\ 
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TEST DATA LOG 

TEST RUN NO. ~'t '------ SHEET NO. 

TYPE OF TEST: #I" £, 0( eel te, ..... 1~ DA TE: ,-! \.{ -i , 

BRIEF NARRATIVE DESCRIPTION OF TEST _______________ _ 

ROUTE IDENTIFICATION: 

EVENT MARKER NUMBER:, _________ _ 

001" <!..Io}(.l AT 

-reiO 

EQUIPMENT UTILIZED/TEST CONDITION: VElflCLE UNIT NO. :. __ ., ___ _ 

VEHICLE UNIT THRESHOLD LEVElS: 1 -TS- 2 -11....' 3 ._-t-=-'a_---.! __ 

ODOMETER CAL: .~~ FPP"L 5TH WHEEL CALf7t.. FPP -" ...... 

RI DROPOUT S\VITCH: Off,g2 " . I" :OTHER:· . ~. 
TEMPERA TURE: j 10 

PRECIPITATIC>N: ~OAD CONDI'I10NS: ~. 

.. 

~~~:~~P!~~,(S) • .1~~q .... l H'I. FILE NO. .. ..~ ........ - .... --., .. 

. TEST DIRECTORbflV~~"'~' 
RUN TIME: lUll" .. ·tS HIM. '. 
Pt11Jhvc"t: <3-jJ(Jf<I\'/JJf-.3So' I TSC MONITOR ~. . 

J+' /2 tIf_-ft It? 
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TEST DATA LOG 

TEST RUN NO. ~ 3 SHEET NO. _\_ OF __ 

TYPE OF TEST: h:r'" ft)(-e.i.. ~Ol-\. +1 DATE: \ - (1:1·11 . 
BRIEF NARRATIVE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICA'TION:, _____________________ _ 

EVENT MARKER NUMBER: 
jA. r CL",.~ J A( --

'If II 
-l.tJ~ I'I~z--------------------------------------~~-~~~~ 

EQUIPMENT UTILIZED/TEST CONDITION: VEmCLE UNIT NO.: " " \ . 

VEHICLE UNIT THRESHOLD LEVELS: 1 - ~,. 2 -7 ~. 3 ~ i":'\:_"_' .;...~ __ 
ODOMETER CAL: '97 f FPP~5TH WHEEL CAL" 72. FPP : 't" ., .. ~ .. 
Rl DROPOUT SWITCH: Off6:) .' '."OTHER: .. . .: ~.' ... 

. 0 . 13.~ I·~ .... N~4.4!." 
TEMPERI\.TURE.!.1": PRECIPITATION:i?#< / ROAD CONDITIONS: iliA."II,·· .... · 

~~!:~~~~~:(S). ~~t(i ~~-~ FIJ"~ENO' '," \ .. ~. , ................. _: ... . 

RUNTIME: ~M\~ 'TEST DIRECT.OR' ~~ ., _ ........ _--. 

~~~c>Q.un..dJ,\II),..~\~ TSCMONITOR _~9.tJ~ .. 
~~ \'1.. -\~\o 



. , 

TEST DATA LOG 

5 ;Flter: '-, ; ~ 
~IV'.{: ClO~ yo) 

TEST RUN NO. .J 1 SHEET NO. \ OF _\_ 

TYPE OF TEST: l-+:t~ f, (eJ t<:a~ DA TE: \ -, '\ ~ , 1 II - I"r' -1 , 
, 

BRIEF NARRA TIVE DESCRIPTION OF TEST. _______________ _ 

ROUTE IDENTIFICA TION: _____________________ _ 

EVENT MARKER NUMBER: ________ ..--:-.".....""...---.,. __ · ----.--c..,J....~+.. '1-' -<I:,"=--' _ 

~ Cl1..ul d: /. /f!l.i?\JtJ.). cP . '5 (. . . ,-(j J$fF' 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ...... , . ., 

VEHICLE UNIT THRESHOLD LEVElS: 1 -4)') 2 - 7L.· 3~'"l..·" ~ 

ODOMETER CAL/tltr FPP~5TIi WHEEL CALl1'L- FPP· t ..... ~ ... . 

Rl DROPOUT SVJ1TCH: Off/Q .. " :OTHER~ ., '.: '; ..... , F 
. '1,,0 .... f~ . ,,/l:~:p:;J.:.r. II 

TEMPERATURE:.:lI' F= PRE~ION: ~ ROAD CONDITIONS:)til...I",,":'" 

TEST TAPE'NO(S). J.~ .... (~ct-L..... FILE NO. .. ................ - ..... -_ ... -

SAMPLERATE'(, . ~5 "" TESTDmECT~~rft.~ ..... -....... _ ....... . 
RAIN TlME: 1 ~l~,. I '''/~~ . .. 
\J.;AJM'fJ ~O~:t!H-.Al,/ TSC MONITOR ~£/l. .' 

. ~,' /rH ... ~ 
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TEST DATA LOG 

TEST RUN NO. :l> SHEET NO. OF I ------ --
TYPE OF TEST:,-,wr:,--,-=~,---,f....:.I-=~-=e-=J,---,~-==----"",....:..::t,---..1( ___ ---:DATE: I -I 'f -1 b 

BRIEF NARRATIVE DESCRIPTION OF TEST 

ROUTE IDENTIFICATION: _____________________ _ 

EVENT MARKER NUMBER: _______________ --= ____ _ 
0001t- e.loS'~ t,.-r- ' ,'- ... -

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ... '\ . 

VEHICLE UNIT THRESHOLD LEVELS: l-SSJB,.t.,. 2 - 7t.. . 3 _.~'t. •. ~ 

ODOMETER CAL:~11 FPP~5TH WHEEL CAL ~'l: FPP - "t: .... " 

Rl DROPOUT SWITCH: Off/V /:;.. -'OTHER: . .. . -, .: k··· .. " 
'. . ..",,0 ...' ).'~If(. 7",..-'''''1 ;Ire _j'._ • 

TEMPERATURE: :J.,I; F"" PRECIPiTATION: Jllil,IV ROAD CONDITIONS: if'!;"',- ",{ __ h 

~~~:~~~~~:(;:2f'F'- :J 5- L FILE~ ~ tV~ 
~UN~E' /1I"..-2t:)d''''' TEST DffiECTOR _~ ~ :~. 
1>/~C.(~O~ \~7t TSC MONITOR --- -t.I.,~ 
~~ 
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• 

--~-- -----~. ---------

T EST D A TAL 0 G 'S'r.,tfltr I03~ 

TEST RUN NO.----..!~:::...:..:...~_=__ __ _ 

TYPE OF TEST: fI.i" ~ ,c1.Y6--P ,e()u;r~ 

BRIEF NARRA TIVE DESCRIPTION OF TEST 

BVO (.;1.00 

SHEET NO. _,_ OF ~ 

DATE:--L-/_---'-, ~5""-_--=.7--.J1=--_ 

-------------------------------

ROUTE IDENTIFICA TION: ________________________________ _ 

EQUIPMENT UTILIZED/TEST CONDITION: VEmCLE UNIT NO.: ... , . 

VEHICLE UNIT THRESHOLD LEVElS: l-S_~ 2 -7~ 3 -I%. .. ~ .. 
ODOMETER CAL: '7 7 1 FPP_~_5TH WHEEL CAL37l FPP l..·· 

Rl DROPOUT SWITCH: Off4§i2 .. :OTHER: . . 

TEMPERATURE:)}· F PRECIPiTATION: AlbA/IF ROAD CONDI'l1.GNs:v/J6tl 4'-,\, 
TEST TAPE NO(S) • .tIP -I M-d. .:J. (" -;z. FILE NO. ., ............. -.-... --_ ... 

~AMPLERATE: t).~ TESTDIRECT.O~~d~'#ii'" 
RUN TlME: , Kit ... 'ZSI""U 

'Vlstlw't-:O~ I~~ nl\: TSC MONITOR "'''' .. 

5""~~ 
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TEST DATA LOG 

TEST RUN NO ._l.----=-7 ___ _ SHEET NO. _,_ OF __ 

TYPE OF TEST: /-1::1:1; Ei)'e.d ~U'" f~ DATE: 1-/>-'7 7 
BRIEF NARRATIVE DESCRIPTION OF TESl' ________________ _ 

ROUTE IDENTIFICATION: _____________________ _ 

EQUIPMENT UTILIZED/TEST CONDITION:. VEHICLE UNIT NO.: ····1 . .. 

VEHICLE UNIT THRESHOLD LEVElS: 1- 5"5 2 -72. . 3 _·t·t '" : 
ODOMETER CAL: q 71 FPP ~5TH WHEEL CAL '} 2 FPP. oz· . .... .. 

Rl DROPOUT SWITCH: Off/€) .' :OTHER: ... __ ' 
• . "j{O. p~ r" ! 

TEMPERATURE: ..:;:)"T 'F PRECIPITATION: N4N..(L ROAD CONDITIONS: 5/4) j(' ., 
TEST TAPE NO(S).2'-1 ~ ~, -2 FILE NO. .... ... . ........ - ............ . 

SAMPLE RATE: 0.'; ~ ~ 
~UNTIME:~U.N\I;t. b:t.,-\'~) TESTDmEC~O~' ~ .. ~ 
'0 1~~N't"1 o.e. .... e+er ~ to TSC MONITOR~~ ~ 

;l L.Wht'-e.1 _ 
'. 
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TEST DATA 

TEST RUN NO.---,;)<Z::...-rl.::::..-__ 

LOG sT..Mi""O 
t/tl!J t ..... II:-::S'":;..c5::;...... __ 

SHEET NO. _,_ OF _, __ 

TYPE OF TEST: H r> F IY. E ~ \<0,"" '"' .e:... DATE: ,- I ':i"- 1 ., . 

BRIEF NARRATIVE DESCRIPTION OF TEST. _______________ _ 

ROUTE IDENTIFICA TION:. _____________________ _ 

EVENT l'v1:ARKER NUMBER: 
1DOOr~\oS~j 4T ----------------------------------

1P 
--~-------------------------------.-.-.-.-.. -.. -.. -.--~ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: ...... , . .. 

VEHICLE UNIT THRESHOLD LEVELS: l-S", 2 -71 . 3 '-'-;f't. ... : 

ODOMETER CAL: 'l1t{ FPP 1.. 5TH'WHEEL CAL~7·t .. FPP· ~ ....... . 

Rl DROPOUT SWITCH: Offlt;:?- .. · :OTHER: . .. .. ;- .. 

TEMPERA TURE",--3~ PRECIPiTATION: A) 0 ttl e.. ROAD CONDITIONS: Al't(t,.{ /'...~. 
TEST TAPE NO(~--::- \ C\.....) ~ <t -.2, FILE NO. - _.... .. ....... - ..... -- - " 

SAMPLE RATE: 0,'5 ~L/7~ . . TEST DffiECTOR '.' '" 71''::;' . 

RUN TlME: \ h,," , . .5J'noJ.' . . ~ 
,. I ~ I TSCMONITOR 1$' 

~1(\';.~(~:'Od .. e.4-t.~ \~ e 0!t.~ ~ 
S""'''wl.eel ___ -
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TEST DATA LOG OJ THH7" Ir-oo • 
G7VO IG.:l.O 

'fEST RUN NO. t94 -'------- SHEET NO. f OF _, _ 

':J 
TYPE OF TEST: #..$ rO'E.D /f()&<1T E DATE: 1- 1...,--11 

BRIEF NARRATIVE DESCRIPTION OF TEST ________________ _ 

ROUTE IDENTIFICATION: _____________________ _ 

EVENT MARKER NUMBER: _____________ --:-----:--:-:-:~_:_-_:_::___:_:__:_:__ 
VO\)l" (!(osW 4r 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :_._\ __ _ 

VEHICLE UNIT THRESHOLD LEVEI.S: 1 - S-.5' 2 -1 z . 3 :.. K a. .. 

ODOMETER CAL: 77'1 FPP_:l_5TH WHEEL CAL31.2 FPP z ...... . 
Rl DROPO~T SWITCH: Off/On .' :OTHER : . 

. . I\.,V r' we-r!, . 
TEMPERATURE:.J \ r PRECIPITATION: N'Ne: ROAD CONDITIONS: . .i/~j-#q. 

~~!~~:~~~:(S) . .riO-.~ ,-J :lq-2. FII~'ENO. ·U"· .~ .. ~ ......... ~ ..... -- .. - . 

RUN TIM:E: f --c-,·t....o t1/tJ -J\. ,. -::-r-:-- (Ii: TEST DIRECTOR .... "1~ - H __ _ 

1)1,JI..,#,.Jce: ~w1:i \.,~ TSCMONITOR~ LI\~ 
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• 

TEST DATA 

TEST RUN NO.--,,30~ ___ _ ., 
TYPE OF TEST: #$ != hCJ) fl(}uTE-

, , 
BRIEF NARRATIVE DESCRIPTION OF TEST 

LOG 

SHEET NO • 

DATE: I - I <J -11 

--------------------

ROUTE IDENTIFICA TION: ________________________ _ 

EVENT MARKER NUMBER: _________ ---.. ___ -~=_-.__,_jf____A__J___=~.,...._ 

_C_I-'-'I':--'1~.J-"J)-D-9-... -IJ-r-------! '-f5j~tXJI~a~,Il!!.U~~J; P$tl}TCZ 
11'3 

Tf9 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :---=.1_' _. __ 

VEHICLE UNIT THRESHOLD LEVELS: 1-~, 2 - 72...· 3-3 't,- .. _ 

ODOMETER CAL: 1'11 FPP_"1._5TH WHEEL CALB'7l.. FPP -'2" -.. 

Rl DROPOUT S\VITCH: Off A§? :OTHER: 

TEMPERATURE: ~'10 F- PRECIPITATIC)N: AJt1<.Jtf' ROAD CONDITIONS: - •. ·t. 

TEST TAPE NO(S).3d-, c.......4 3 ()-L FILE NO. -'- - .-' .....•. ----- "'--

~AMPLERAT~: D .e.; TESTDIRECTOR/'~" vJ:.~ ... 
RUN TIME: \ '{'\()~'(" ~1\Ij (\1'1\\" , I - I A al _ ' 
1).S~ f.~ ; ~~\t\>~ ttt TSC MONITOR'~ / Iv //- ft'tt{t3rl/{ 

~UU' ___ _ 
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~ ~r I ,' _____ ~~$" __ 
T EST D A TAL 0 G (avC' Ltc lO 

TEST HUN No.~3::.....J...1 __ _ 
---------. 

SHEET NO. L OF -t..-
TYPE OF TEST:---!..H-....!.-..:T=-~----!P'---!-'=-Il~E-,...;D~_~...!...-O=-k:..::T~( ____ ----'DATE: 1- t" -1, . 
BRIEF NARRATIVE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICATION: 

EQIDPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :---'--1" ___ _ 

VEHICLE UNIT THRESHOLD LEVELS: I -~)'6ft,. 2 - 7'L' 3 ..;..i"'t.: . 
ODOMETER CAL: &J79 FPP _~5TH WHEEL CA&r'" 1.- FPP "'l.. .. " 

RI DROPOUT SWITCH: Off/Qf2 :OTHER: ___ ._. ____ _ 

TEMPERATURE: 3t:.--v.,'l-otRECIPITATION: NtJN-e, ROAD CONDITIONS: tlet--·\. 
TEST TAPE NO(S). tj/-I ~ '31-1; FILE NO. .. ...... - ..... -- - " 

SAMPLE RATE:W; O·~""" TEST DIRECT0i!2~~' ~ ..... -.. - .... - .... -.. 
RUN TIME: ~ '- 25 WIN . 
1\ - .r. 0 I -"- t, • ~ 1\ I t'\ TSC M ONlTOR . A- I • 
V(ffAIICt!; 4.6"" .... '~rt .,_'oJ . 

~.N( . ~1-o 

.. 
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~~31 fE'S." 'DA~ LOt; eO.uT,NutSO ! ~~ 
'l.op-z.. 

.. Hl.'~ F II<~ 0 f<o~7E" ~~ P,;;l & ~ 

I' r~ .... -r-,A i %l7~ 
i5''l 

I 

Cf''2.. 7') I l,l = ;1.)(. '2. ~ '\ ., 
~ "'- ~....-.-.It..~ 

CP '3 
\ 

II '!II{ 1l3~ 1. '-=. \X\.-- 't. 

i6¥ H tI.!2 ~t..rLu.f 
,,3.H.~ 1 '.2. ,"S \~S 6.-=0 0 1 ~p..c;5-~ o'H~.S" I ... ', 11.1\ 6-:. '1L"~ y' 
u,,1S'~ 1'-,., 11.~" b ; 'I'll'\. ::. I~' 

(I ~ ".'{" 1 .. ,\ 'i 
I l~~ 1~ I~I~ .6::' 1")('" :. 1'J. 

o S) t.,. I'W,- 11'4 I 6.:: .2(,'(1. :: S';al ~-~. 
6~lfO"f 1,))'1- 1'34"\ ~::31lC"\.::''t\ 

3~'1l.-"'- /1'f0 I!I"I' A :: '4t'i""\.. ,.. ,\1 

JfG.S 1'-(1.6 l'i'\ '\.. ~:- ""."' ... \,i 
~'"."j l'It"! 

, 
I~b I- :: I'lh'~ ~ &'\, 4, 

!'. JSI. t(' 1'4 "7::1. t 'f''' j- 4 ~ I z,,,'l .:...1:f. ..... 

L.r I y"Io I,'l.~' ~ :: tH'/( 1- :: ,2'7 '0 

"/6/.1' I'rt!J I'~\' i), : I l' $'1(" ':. :1'1 O· 

J S1.,. fVft 1(,17 6 :: }!I 'I I( '1 :.. .1,,'1 

~ 
I -/ t 'I 

)~~ O'!,no.\.- ~~. <) t:t.k... ~ If oc • ., 
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TEST DATA LOG 

TEST RUN NO. '3 ~ SHEET NO. _,_ OF -4-
TYPE OF TEST: tti fh EJ) gO\,fT&- DATE: ' -1-:;-1' 

BRIEF NARRATIVE DESCRIPTION OF TEST ________________ _ 

ROUTE ID ENTI FICA TION: _____________________ _ 

EQUIPMENT UTILIZED/TEST CONDITION: VEmCLE UNIT NO.: ./ . 
. _---

VEHICLE UNIT THRESHOLD LEVELS: 1 -f$ 2 -12' 3 -'i'e 
ODOMETER CAL: '919 FPP~5TH WHEEL CAL 'fTL FPP -z.:" 
Rl DROPOUT SWITCH: orrz§i2 . - :OTHER : 

TEMPERATURE:'!i £ PRECIPITATION: AlONe ROAD CONDITIONS:""::"'--'""'-'---R:,..-

TEST TAPE NO(S). 3;).-{ ~ 3J-Z 
SAMPLE RA TE:_-=O""','-'s: _____ _ 

RUN TlME: \ ~'c 1(. i'(~ TEST Drn.ECTOR--=:::--~-+t".___;;_'~-.,.....,..1r---
7),riANCe..:.O::4J4te.f9f"- \1, 1& \I,Q TSC MONITOR'--~~IlC::::C'!L....!:!I!..-4_'_H,..,c.4;:.~=---

~-~U~( \Me ~1"\ .... 

I-

,. 

, 



iE::tT I2IJAJ '* 3Z TesT O~"A Lo~ 

~Jbl~~~(. 

O~-::... 1006' 

~ -=--- 1{l-' I 

,~~-~~ 
~ 
~~~~ 

~1t 
~ Jf )( loott.: ~1q,.~ 

7~ 1- I 0 0 G ~ - 1lSO 

<g·~0~fl 
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TEST DATA LOG 

EVENT MARKER NUMBER: __ 5<.L-"-==---=~=,-,,,,,-~ .... ..o ....... A''''-~ ..... ,,, .... , "'-. ----"~=,'-_-,'-.-"'."'-_:...,,-_--.L.-~---
ce ( 00 0 

-------------~rL------------------------,-~-----------

T'ft£ lOOb' "'6ccT 1'1111 0" ~ .. ~C) IC:IIE I-W''O r.c-ea.ofI\IU&TBD. c?- W61lltu .. Hirs .' 
~1Il""c:;I~IP'1!4 =r@!JT&.!e'f - MHII"_ '1'McyafC «e ...... ""~;;Oy oi ~~~~f!~i 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .,' . .. 

VEHICLE UNIT THRESHOLD LEVElS: 1 -S')- 2 -71. ' 3 ~ .- ~

ODOMETER CAL: j 1"l FPP~5TH WHEEL cArJ1lLFPP - 1<'-" : .. - . 
Rl DROPOUJ SWITCH: Of~2 -' .:9THER: - - '. .." -". - , 

TEMPERATURE:~~ f PRECIPITATION~ROAD CONDITIONS~-':' 
TEST TAPE NO(S). _ /Y.A1. ------;?r~E NO. - -. - .. , '" .. - •.... -_ .. -

SAMPLE RATE: iJ£ TESTDIRECTo6R~ fuE .. _. __ "'" 
RUN TIME: Nil, " . . 

TSC MONITOR __ A-.. . 
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ItsT "DA'A Loe; 
I€sr RUN *~2 CoIU-r-(I\JUE:; D S~ 

.L FRU!'lP. LDA 
4 OF4 

.ST 14156 

RUt'! 001 5:At'lPLE F.:ATE 00.5 YEA"': 77 !'1DrHH 01 DAY 16 HOUR 10 lHN 25 

FIFTH ,-,IHEEL FEET/pULSE 0002 ODm'1ETER FEET"-PULSE 0002 
CP 001 00 00 R1 0 00000 F 00000 T 00 03 
TA 002 00 00 Rl 0 00057 F 00057 T 00 17 
TA 003 00 00 R1 0 001 (II) F 00101 T 00 21 
TA 004 00 00 R1 0 00140 F 00140 T 00 24 
TA 005 00 , I 00 Rl 0 00181 F 00180 T 00 28 
TA (106 00 00 R1 0 00220 F 00220 T 00 31 
TA (106 00' 00 F~1 0 00258 F 00257 T 00 35 
TA 006 00 00 Rl 0 00295 F 00295 T 00 ~:E: 

TFt 00'( 00 00 R1 0 00:::22 F 00~:21 T (10 41 
1-, 001 00 00 1':1 0 0035-:: F 00353 T 00 44 
HI 001 00 00 "':1 0 003f:4 F 00384 T UO 47 
TFt 001 00 00 Rl 0 00419 F 00419 T 00 50 
TA 001 00 00 R1 0 00447 F 00446 T 00 53' 
TA 001 00 00 Rl 0 00472 F 00471 T 00 56 
TA 001 00 00 Rl 0 004'305 F 004304 T 01 00 

". CP 002 00 00 Rl 0 00502 F 00500 T in 03 
DO 085 42 85 R2 E 0 01:::65 F 21845 T 08 03 
DO 085 

bATA 'DuMP AS ~~lR'ED Otv Sli8=r S-ot=4 

~~ ,~d~ 
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TEST DATA 

TEST RUN NO. ~"> -=--.::------

TYPE OF TEST: -Hx' E/xe.:l ~Qk.-+e 
. , 

LOG 

SHEET NO. 

SrA~T 
ewo 

OF_C __ 

1010 _ 
12.25 

BRIEF NARRATIVE DESCRIPTION OF TEST _______________ _ 

ROUTE IDENTIFlCATION: _____________________ _ 

EVENT MARKER NUMBER: ____ =--:--;---::--_--:-_----.---,---,_,---::-:::~=__c:__,_:_:__:__ 
e..L i\1 

;1 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.:_· ,_, __ _ 

VEHICLE UNIT THRESHOLD LEVElS: 1-~SJfh.2 -12...· 3 """«.1..: 
ODOMETER CAL: ,. l' FPP_'_5TH WHEEL CAL ~V2. FPP . "Z.: .... -.-

Rl DROPOUT SWITCH: Off/@ :OTHER: 

TEMPERATURE:lt: F PRECIPiTATION: "SQU&V ROAD CONDITIONS:~"'JI~51·t-
TEST TAPE NO(S). 13-1 ~ '33-J.., FILE O. - .............. -.---.-- ~ .. 

~AMPLE RATE: r 0. ,~ TEST DIRE~TOR ~m' . .-:- .. -.- .... -.. 
RUNTIME:\hOl.\r ,., .. rt.\ N t .~ 
o DOlt! e.r-e e..V II rnUCe... ~\r,M ll. ~iI _ TSC MONITOR ~~ 
~ Jv~(!Q( ~J""~-e __ --
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TEST DATA LOG 

TEST RUN NO. 3 '-I .-'------ SHEET NO. I OF _,_ 

TYPE OF TEST: ~\l? H'(Q ~D~+~ DATE: (-16 -11 

BRIEF NARRA TIVE DESCRIPTION OF TEST ---------------------------

ROUTE IDENTIFICA TION:. __________________________ _ 

EVENT MARKER NUMBER: ______ -:---=-_-=-__ -=----=-_____ ---.-___ . ___ _ 
fOUl 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :._._. '_. __ _ 

VEHICLE UNIT THRESHOLD LEVELS: l-SSJ~ 2 - 1;U"", 3 -~~d..g-r....\ .. 
ODOMETER CAL:<\"~ FPP~5TH WHEEL CAL g12.. FPP -:z:.;' .. 

R! DROPOUT SWITCH: Off/€) '. .'OTHER : 

TEMPERATURE:.:lbO f PRECIPITATI()N:$#J""/~1 ROAD CONDITIONS: 'f144fH _.t. 

TESTTAPENO(S).3y-/~.2'i-6. 'FILENO." .. _- .. - .... -- ....... _ ... . 

7 ~ or-~AMPLE RATE: {2-'t '. TEST DIRECTOR trJ JfJ/\AA/,~-'-'" : ...... .. 
RUN TlME:~ t-:."J 0 (rf\\N . i/ I 
~~ I~ ~~'ff TSCMONITOR~ .1U<A.I"\M~, 
~w.1uJ.~ __ -' 
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TEST DATA LOG 

TEST RUN NO. 35 SHEET NO • .!- OF ~ 

TYPE OF TEST: 1+ r'3 E \ X E-D Rnu TE- DA TE :'-1.1_--,-,1 (,OL.--L1-11' ___ _ 

BRIEF NARRATIVE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICA TI01'1: ____________________ _ 

EVENT MARKER NUMBER: ___________ ..,.......,._...,--:-~_,_:_:_:::_:___:_~_:_:_-
~ C\OS'6D PI"': '-..... . 

TP{~ 

-----------------------------
EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: . "l . 

VEHICLE UNIT THRESHOLD LEVElS: l-S~dh 2 - '1l..l~ 3 -1'l-'J.Ct:r", ... -
ODOMETER CAL: ~'1<:t FPP~5TH WHEEL CAL8'1J..: FPP .2,.:" .... -- . 

R1 DROPOUT S\VITCH: Off/€) . :OTHER : . 

TE1\1:PERA TURE~.t4° 4=- PRECIPITATION:SlJf»JiNt} ROAD CONDITIONS: I ffttJII (! ~ .. 
TESTTAPENO(S) • .3S-\ o.AI-A.35-..2. FILENO. - .. ,."- .. - ...... -.-------... 

SAMPLE RATE, 0.5 TEST nffiECTOR~. t;2.2J'\7WiC- ..... . 
RUN TIME: I kQu.("' ~ftt\\tJ, - l 
O.PO,.,.ETm...~1S11INClF/JA¥. ;l)' TSC MONITOR. ~ k~ =r-
~""~f"e( 1'~~ 1)- W ,"S" 
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TEST DATA T --,~~ S ~ ~d __ E-r .;;.-a!1'§Lc;.-=. __ 

1::-1V'P \ '10,5 
SHEE'l' NO. _t_OF_' _ -

LOG 

TEST RUN No.3' '--=:.-=....----
~ 

TYPE OF TEST:t±T PlXED ROIATE- DATE: 1 - 1'--11 
BRIEF NARRATIVE DESCIUPTION OF TEST _______________ _ 

ROUTE IDENTIFICATION:, ___ , __________________ _ 

EVENT :,·;:":..i"(bh .i'l'UM:BER: 
1it~ --------------.-,-,-,-.,-,-.,-,-,-,--,-... -.---. 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .. -'1 ' .,. 
VEHICLE UNIT THRESHOLD LEVELS: 1-S-S-J8...., 2 -z:Jcl1br 3 -8~'~ .. '.-
ODOMETER CAL: ~ 1~ FPP..2. 5TH WHEEL CALll'J2.· FPP .2:' .... " . 

Rl DROPOUT SWITCH: Off;§) , .. ' ~OTHER: ' ' .. . . .: --
, ..D 1 Or,: , . ' htll ~(IljorMIJ '- LICk/! . 

TEMPERATURE:c:2~ t,; PRECIPITATION: S'hOW ROAD CONDITIONS:....t/bS'h ''':'' 

TESTTAPENO(S) • .3'-l~3'-.2. FILENO." ... " ."--.... ---".---,, 

SAMPLE RATE; l2 .5 TEST DmECTO~~b1)E .. -.. 
RUN TIME: ~\ .• ' -

~~';;:; .2>~~'t!i4C~?~R~~ .. ~ 
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'fEST DATA 

TEST RUN No._~_ll--_~ 
"'J 

TYPE OF TEST: tl-r f/~E'p Rolll'E:-

LOG S11'\'ttT \ 1 I" 
E-tJf) .J S 30 

SHEET NO. lOF ( 

DATE: , - '<:'-1,7 

BRIEF NARRA TIVE DESCRIPTION OF TEST _____________ _ 

ROUTE IDENTIFICATION: 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO.: .... , . .. 

VEHICLE UNIT THRESHOLD LEVElS: l'5S'Je." 2-'l1lh. 3 ·->t2.tBflti'\ ... . 
ODOMETER CAL:C;'1~ FPP..l. 5TH WHEEL CAL~l~: FPP . z: ........ . 

. RI DROPOUT S\VITCH: Off@ .. :OTHER:. ..... I .' .. . . .. ~ 

TEMPERATURE:Jb<>-r: PRECIPITATION:M:we ROAD CONDITIONS: :I~t'~r.ihg 

, 

~:!:~~~~~:(S~,~r.I~11-.2 FII~"ENO' - : ...... ! ....... :::: .. -..... ---.. . 
~UN TIME:J..b.."'>r . ".\ 5" {!a\\ ~ TEST DIREC~OR ~t-r/; i U~~ .. .. 
EI ... /f(!J~t+~i~l)'" l..,bTSCMONITOR ~ f~~- -I. 

~1 rrN rtANIP"tJ""c@ ___ -
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T EST D A TAL 0 G '57)ffCr ;J () Jf 0 
EN:/ ..2 I 5'0 

TEST RUN NO. .3 ~ SHEET NO. _( OF-L-

TYPE OF TEST: HI'" F (XED BOY(If. i DATE: 1-1(.-77 
, 

BRIEF NARRATIVE DESCRIPTION OF TEST ------------------------------

ROUTE IDENTIFICA TION: _________________________________ _ 

If 1\ 

EQUIPMENT UTILIZED/TEST CONDITION: VElITCLE UNIT NO. :_. -t=--. ___ _ 

VEHICLE UNIT THRESHOLD LEVELS: 1-5"S'Lh. 2 -'1~~, 3 - cn.1..~ 

ODOMETERCAL:q,'t FPP 2..... 5TH WHEEL CAL»'Z FPP .2, ...... 

RI DROPOUT SWITCH: Off/~ :OTHER::...... ___ --..-........,,.,,..-__ 
. ~ IIP~ti 

TEMPERA TURE;lf' F .PRECIPITA TION: NflAli:F ROAD CONDITIONS: 5Zi1 j 4" t • 

~~~:~~~ ~~:(S~ :;.!.-l QJJL?> cr~ FILljNO.! _-t~' . . ... '" .. ~ ..... "- -... 

. 8~ hi I TESTDIRECTOR_~·_~~·~--···-·· 
RUN TIME: 1" -. IN ~ . II .. 

(J nO~'f.-r£Q...t)l, 1tItJCtf" ,!l; dj SO MONITOR ;-=-'tt./f U 
'S"-\'\. j,J"'...e..-e\'\~," • H ~'" 
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-
TEST DATA LOG 

STAal I<!) JsP 
ISN I') It .-:s: 

TEST RUN NO. 3'1 SHEET NO. L OF _, _ 

TYPE OF TEST:H l?' f I X (0 1\ octl" f:- DATE: I - \ 1-11 

BRIEF NARRA TIVE DESCRIPTION OF TEST ______________ _ 

ROUTE IDENTIFICATION: _____________________ _ 

EQUIPMENT UTILIZED/TEST CONDITION: VEffiCLE UNIT NO.: .. J . 

VEHICLE UNIT THRESHOLD LEVELS: r55d~ 2 -',JGJ'i. 3 - ~,.J~: .. 
ODOMETER CAL: ,\1' FPP-=-5TH WHEEL CAL 3/,L FPP . -z.: ..... .. 
Rl DROPOUT SWITCH: Off/~ .. ' :OTHER : . 

TEMPERA TUREIi PRECIPITATIC)N: AJO.v ~ ROAD CONDITIONS:fffr (.;€~. 
TEST TAPE NO(S). ~'l-l ~ ~q -Z. FII"E NO. - ... - ......... - ...... - - .. 

SAMPLE RATE, o. 5 ~ TEST nffiECTOR ?J!::t!'b .... ........ : 
RUN TI:M:E: I H (L '" 00 HI N' . (:or) '/, 
,), HAA,;cf:F,: ().,J.~C{"kr. );2re.. J'Il TSC MONITORI{,~4 

g-~ l'J.-ttY .f f J.f 
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TEST DATA 

TES T RUN NO .-----"If~O ___ _ 

TYPE OF TEST: I-\:t~ £ I (fD B ova e:-

LOG 'f"7A-~1 /·1-,6 
E-NIJ t3'tn 

SHEET NO. ( OF I 

DA TE: I - I 1- 7 7 
BRIEF NARRATIVE DESCRIPTION OF TEST ________________ _ 

ROUTE IDENTIFICATION: _______________________ . 

EVENT MARKER NUMBER: 'SJ1lr CldS E'j;>.---:A-1-.-----------.-. -.. - .. -... -. ---

Tfl2.. 

EQUIPMENT UTILIZED/TEST CONDITION: . VEHICLE UNIT NO.: ..... \. .. 

VEHICLE UNIT THRESHOLD LEVELS: 1-s"S42 -12.J.6 ..... 3' -Yb:1",~" . 
ODOMETER CAL: . &;1'1 FPP~5TH WHEEL CALV"LFPP . 'C ........ . 

Rl DROPOUT SWITCH: Off/On :OTHER: • I 

. f)C' ~ .. ~ , 
TEMPERATURES I' PRECIPtTATION:~ ROAD CONDITIONS:~"" 

TEST TAPE NO(S). J.!O-( ~ 40 -2 FILE NO. _.. ... .. .....•. - .... -- : .. 

SAMPLE RATE, d.';- _ TEST DIRECTti Td;r§E ----
RUN TIM~()IMr-~S If'v\,.,j. . I. \ 

CrAAA ... .1 ~ ~ \}1!It'?:i9'1P8C MONITOR c-v '/./. /J. ~. 
-r--- ~ ~2~ . 
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STe:W.T _1 5$5 _ 
T EST D A TAL 0 G ~ tv 0 _....J-! 1.L-,;...1 lot...--_---:..> 

TEST RUN NO. ~ 1 SHEET NO. -L- OF __ I _ 

TYPE OF TEST: ttI" E I X ED ROL\TP DATE: I -,1 -.., 1 . 

BRIEF NARRATIVE DESCRIPTION OF TEST. _____________ _ 

ROUTE IDENTIFICA TION:, ___________________ _ 

EVENT~~RKERN~MEER: __________ ~---~~-----
:Door C (uS' «-cL L\t . - .n. -

~I 

I 

EQUIPMENT UTILIZED/TEST CONDITION: VEJITCLE UNIT NO.: . -., . 

VEHICLE UNIT THRESHOLD LEVElS: 1-~Scl~2 .... 11d ~3 - 8:2dBrm'" -
ODOMETER CAL:c::r., ~ FPP~5TH WHEEL CAL8'72.: FPP,~ ...... .. 

R l DROPOUT SWITCH' Off~ - .. 'T'. ..• . .: .... ---• ~ .. .O_HER. :...... ___ . ---r---
TEMPERATuRE:I!)'C5 E P~ECIPiTATION:l\Jl'Ale ROAD CONDITIONS:We.7'/!c-i ~ 

~~~::!~~~,(s~~~1 ~ 'IJ-fl- FILE~'~ ";i!. ) ......... ~~~~~.: 
~UNTlME: ~K·*". TESTDIREC~OR~'AYif=A/V::--
O~~ 11 'l30' TSCMONlTOR • ~ - . .\, 

~~~. ru ~ ____ _ 

4-36 



T EST D A T A LOG 

\ 

:sr4fZ I I'I'S 
c"?J (1 -::: r-dlZ2 

SHEET NO. _(_ OF \ TEST RUN NO. l-f. z.. 
--'---~---

TYPE OF TEST: t± T F Lx &.D ~Qu.TE- DATE: 1-l1 ... ..,1 . 
BRIEF NARRATIVE DESCRIPTION OF TEST. _____________ _ 

ROUTEIDENTITICATION:, ___________ " _________________________ ___ 

EQUIPMENT UTILIZED/TEST CONDITION: VEHICLE UNIT NO. :,----..:t:.-' __ _ 

VEHICLE UNIT THRESHOLD LEVELS: l·rd~"",- 2 -1)..1.8;".. 3 '-8.;z.4i"....," 
ODOMETER CAL: 'n, FPP_. _l._STH WHEEL CAL~71- FPP ~ ..... , .. 

Rl DROPOUT SWITCH: Off7@ .' ·OTHER.:. "~ 
TEMPERA TURE~PRECIPITATIC)N:~ ROAD CONDITIONS:1i.t7hj:=-t 

TEST TAPE NO(S). tlly I ~ qa: L FILE NO. ...... . .... -.. ,,,- ... 

SAMPLE RATE: b,") ~~ //'E TEST DffiECT . 711'4';"" .. .. ... 
RUN T1ME: i R'Q.·, (5 .."",1 . ~ 
t::!4P/,G'O /f11fIWC(F" . TSCMONITO~ ~ 

" B1'r~l"JMM.U~ 
J' -I-~ «~al __ -
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"3,""" i 2... 0 ~c,) 
TEST DATA LOG ~O --2=1 YO 

SHEET NO 0_'_ OF ../.1 __ TEST RUN NO._Jf..!--<:~:.....-__ _ 

TYPE OF TEST: tit'} FlX£D ROV\T.c- DATE: /- I i - 7 7 
EVENT MARKER NU1-ffiER (e0Jit'''1!, _________________ _ 

"I. 
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--------

4. 1.2 Fixed Route Test Data 

This subsection contains a complete listing of the data recorded during 
Fixed Route Run 27 • As in the case of random route data, only records which 
(;ontain signpost code changes and event markers are listed. The first page of 
data recorded during Runs 11-18 , 20-32, and 34-43 are also included. Runs 19 
and 33 were identified as bad tapes at the time of the tests. Runs 41-43 were 
run to replace these Runs plus Run 32 • during which a magnet was lost from the 
fifth wheel. 
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Typical Fixed Route Data. Listing 
~~J.or.-.~~ 

.~T lU5S #;77 s.~ 
~J:i :lZ7 ~::t~~~ ~qTZ ')'). '5 I!~ 77 !'!:J:1T:i 31 ::I!=I'( 15 :-t::r.n 12 :11:-1 10 

~~==~~t·.oI~~l:!T;~~~SZ~l'O:l~:l ;~~~~T~R ~~~;~i_iET ;g~r3 
T~ :;102 :;10 :;1:;1 ~1 :l '007t ':' ')0')75 T '0 23 

0'" 17 13 ~1 :l ~WIU ;- 00112 T?O 29 

~~~:' g g ~~:) 5 g~g~ ~ ggg~ ~ gg ~; 
::" 001 17 13 :H :l '0134 == ~,)132 T ']~ lO 
T::J ')'l1 17 13 11 !J ')0219 ::" Onl$ T!:IO 37 

'J')') 17 13 ~I::J :l ''l2~5 == On'53 T 0:'.1 1-0 
'llO 17 13 ~1 J 'l')2S1 ;- 1)3259 T ')'] U 
::I']') 17 13 ~1!1 :l !:I0274 f 00,271 T:;IO U 
?')') 17 13 !'U :J 'l'l.23'J ~ 0')277 T ')0 "2 
')'l'] 17 13 ·U::J :l ')?325 ;- 0')323 T 0') 45 
000; 17 1) ~1 :l '3332 :: On3? T ~H) t5 

T,~ on 17 13 11 :l '):;n71 ;. :)0"70 T ')1 ~3 
';? .on 17 13 ~1 :l 0')7:;; ~ 00755 T ')2 ::13 
::? '03 17 13 ~d :l '113' :: 01139 T n. 33 

0'" 14 'lS ~1 :l ,)175t 0: 11~3 T ') .. 35 
'"'to> O'H l' os ~I::J :::J 017507 :: 01755 T!H 35 

')')') 1 $ 0; :U :l ')17:"3 ::: ::11772 T '). 37 
:J:l ')02 l' ;)S :U :l :)19;~ ::: 01'35'3 T" n 
:J:!:I'n '1' os, 'U :l '13:""J == :1'1970 T ':). 51 
T!I on 1" ,S :U :l ')1:39\ == '1'3:H T'\ '3s 

:)00 It ')5 ~1:J :l :)131:;1 !=" :)191') T 'H 5') 
T,'!t ;)::IJ. 14 ?:> :U :l 31913 ':' !It'H3 T'I- 59 

')0') l' :;IS :<1:J :::J (193) "= 01'3.H T ')5 :)2 
')" 11 ')$0 :l1 :J ')1'3)) ':' 01331 T ')5 ')) 

::~ ,)'J5 14 '50 ~1 ::J 32.157 ;. ']21:" T'; 25 
"'to> '):)5 14 '); 'U ::J ')2397 ;. !l2333 T ',;. 5' 
:? 0,)7 1 i 'J; 'U ::J ')2'5'15 :: 'l.?57:' T l7 3'3 

'):J'l 10 ')5 ?3:-i ::J ?,2,5.'J2 0: 02$02 T:>7)'; 
"'to> 1::1'3 11 ')5 'n ~ ::J ':12332 ;. :123'31 T ')3 ,,;. 
'"'to> ,,)3 1:) 'lS ~3 ~ J 03535 :: 03'33) T::I') 3:' 
-to> 'I') 10 lS 'l" :I 0))3') == ')3277 T 1') J3 
:~ 011 1:) '); 'n!'1 ::J no); ;. 'H')J3 T 10 2:3 

')'J:l 1'5 13 :U :J 'J'J27~ ;. :)137::1 T 1:) 5') 
T:J 'J03 15 13 ~1 ::t ?lUS :: ')""7 T 11 H 

')')') 15 13 n:l :J :)lH:" :: :)'53'3 T 11 ')!t 
'l'l') 1'5 13 ~1 ::J ,)').153 :: '''5H T 11 ')7 
')')') 15 13 ~1:J ::J 'l,)5?5 :: ']l5,); T 11 1') 
0')') 1'5 13 ~1 :::J :)'l513 :- 'JHO' T 11 11 
,]'l'l l' 13 'U ~ ::J ')%92 0: ")473t T 11 23 

~~ ']12 U 13 ~3 ~ :J :)"))21 0: 'lU12 T 11 .n 
T~'J!)5 II 13 13~ :l')''3'13 :=-11-7,)3 T1151 
';':)13 II- 13 :n:i :1 'J1113 :: ")52')1 T 122:) 
:? 'lU U 13 ~3" ::t '1332 ;:' 05U7 T 12 1-3 
';!" 015 11 1) :t3!i :J :)155" :: ')5$051 T t:? ')7 
~? 015 l' 13 :t3 ~I :J :)17'3$ ':' '5373 T 13 25 
T~ ')')So II 13 :t3:t :J '1'35, ;- :'S')37 '! 13 31 
:, :)17 1l 1;' 1:3 ~t :J 'l:HSO :: ')S513 T 11 13 
';~ ')13 1l 13 :?3 ~ ::J n5U ;. :)$',5')'3 T U 22 

'l'J'l 12 'J5 ~1 ::J nSt2 ;. :)5:"25 T 1; 33 
:J'] 0:), 12 '); ~1 !J n75'3 ~ 05'3t2 TIl- n 
j: 'J')J 12 ']s. ~1 !J '2:759 "= ')591-2 T 15 ')So 
T:J '):)t 12 n ~1 :J ")277'3 :: 'l';'3S1 T 15 15 

,)'l'l 12 'JS 'U:I :J 32:913 ;. os')?? T 15 1') 
:)3:;1 12 ')$0 :U :J 32320 ;. ')$09,)3 T 15 17 

:!' 01') 12: 'J$. ~1 :J ')32:27 != 37311 T IS 'J3 
T~ 'J':7 12 .)$ ~1 ::J ::133')7 ;. 'J7337 TIS 12 
::!' 02') 12 'J; 11 ::J :l3'37S ::: ")'3~Hl T 17 u 
... ., ':)21 12 ')5 ~1 :I 'l~532 :: 03:''33 T 2'J 'l3 
,..., n~ 12 'JS :il :J 'l1')22 ;. 33t'5? T 21 55 

'1' 'J5 n :U :J '11:)3 == 'l?2.'l T 22 ''3 
" 1'J'!I H ':.13 ~1 :J 312.'3 ::- :)7377 T 23 3'3 

'J''l ?S 'l3 !U:I :J 'J12'3?' == 3'3\2. T 23 O. 
0')0 ,),5. 19 :U ::J ')11'33 :: ,)'3B:) T 2:3 'J'3 

T1 ')')3 'lS 03 'U :1 l1323 :: 'J'H5,) T 23 ';17' 
:~ '23 ')5o :)3 'U :I ')1'39'!i :- :)'3722 T 23 2. 
T~ '')~ ,)5o ')"); '1 :I ')1,?"H :- ')')35 I T 23 33 
T!):l1.3 ')5 n 11 !l 'J~'l53 ;- 1'l1'3:) T 2. 2'3 
:? :).2, on ~9 :U :J ').22'):> ;. 1'3332 T 25 'J3 
:? 'J:?'5 'l5 ')3 :U • !l 'J2'322 :: 1')')1-3 T 2-" .; 

'):;10 ')S ')~ :n:::. !l ')3213 ;. 11)1-3 T 25 '31 
T!l ')11 ')5 ')5 :t3::: :I ')3215 0: 1131:) T 25 11 

?'J') :H 'JS ~1 ::J ')332'3 ~ 11 ,~3 T 25 13 
T:I "lOS ?S ?S :U ::J '33124 :: 11'517 T 2S 27 

'J'J'3 ')5 l5 :U:I !l ?3t3t 0: 11557 T 2S 2') 
'J'J3 0$ os 11 !l 'J3l'35 0: 1155') T 2.5 2') 

j'] :lOS :)S ')$ :U :J 131-'!i') ;. 11,73 T 2.5 )3 
:I': 'J')S ')S ")S :U ::J ')31-50 :: 11573 T 2.i H 
T.1 ")1'2 '):So 'lS 11 :J 'l3 n5 0: 11S0') T.25o 51 
~? ').25 '3.5 'J~ ~1 !l ')371-0 ;. 12052 T"'" 3S 
"''0 :;).27 ')~ os :U !l In.2:) "= 12'53) T 23 "'J 
T:=t ')13 :;IS J5 :u :J 'J03'S 0: 12'5St T 23 -U 
"'to> 023 3S 'JS :U :J 0')'531 == 1277'3 T:!') 0') 
~? 029 '35 ')S 'U ::J O,,):H2: :: 13:)S" T 2'3 '50 
T;:t 'JH os :)5 :U !l :)1232 :: 13U7 T 30 22 
T~ 015 05 os :U !l :)1531 := 137'5:) T 3:) '5 
:? :)33 os 'JS ~1 :J ::It974 :: Itt"* T 32 OS 

:)0' is 13 :U ::J n')'3.2 :: It'll) T 32 IS 
'llO 15 13 :U!I !l )2.21)5 ::- IHZS T 3227 
!3,):l 15 13 ~1 :J '3.22::13' == 1 H3:) T 32 29 

T~ :l07 IS 13 ~1 !J 02213 ';=' 1 H3,. T 32. 29 
:? ,)Jl IS 13 'l1 ::J 'J2S73 :: lt399 T 33 '52 
:~ '332 1S 13 :U :J :)3'')3 == 15313 T 3'4 2S 
-::!' 333 15 13 ~1 'l OlUt :: 15$53 T:H 53 
:~ 034 15 13 ~1 :J 03997 ;. 15134 T 35 37 
":1" 035 IS 13 :U ::J :1'0.2\0 :: 30173 T 3S 5:) 
T::t 01S 1$ 13 :U :J 03"74 ~ 004:>3 T 37 '~9 

~oo 12. 1::1 !'t) '..I :J ~05')1 != ~:)42$1 T 37 I" 
'300 12 1~ ~1 :J '3')729 != 0?559 T 37 3, 

!):J 009 12: lQ !H :J 00750 :: O:)~19 T 37 37 
:I: 009 12: 10 :U ::J ~0171 ;- OOS9~ T 37 47 
Tn 009 12 10 ~1 :J 009H ::- 0:)743 T 37 '2 

aoo 12 10 :U!I :J :)0'3t3 ::- '30712: T 37 ~ 
000 12 10 ;U :l 00349 :: :),)777 T 37 5; 

T::t 01'7 12 10 ~1 :J til173 l' 'JIlGO T U 3S 
~ 035 12. 10 :U :J !l11l3t == 01Z5~ T·U:52 
:l' 037 12 10 ::u :l 015019 :: :J15U T \~ 39 

~ ~ ~i ~~ ~~ 5 ~~i;~ ~ ~~~;! i:~~; 
"'00 040 12 10 ~1 :J ns')':) != 02501:5 T IS 14 
T:\ Oll 12 1 0 ~1 :J 02:99'1 !=' 0292.3 T.7 13 

000 14 33 ~1 :l 02.9:"5 == 029'3S T 47 '2'J 
'00 14 ~ ~I!) :J 02971 != :)2993 T t7 2.1 

0"' ", 
0" 
'0' ,,, 

T~ ')1'J 

'" ", :»:J ')07 
:I: 'J33 
Tn '):)) ,,, 

", ,,, ,,, 
T::t '32' 
-:~ :).1 
T;1 0.21 
:? '12 
T::t ')2:2. 
::? ')1) 
T::l ?:?3 
';? 'J'I-' 
;? 3'5 
.. ;~ ,)H 

'" ,,, 
'" '" '" :lJ ')1') 

':' ')1' 
0)) ", '!:J ']1'J ", ,,, 

';? 'It? 
"'0) 'Jt3 
~ ')13 
:?' "') 
~~ ')5:;1 
':.!' ')'31 
:~ ')'52-,,, 
j'l ')11 
:»': ')11 

'" ,,, 
T!) ')11 
T::l 'J~I,,, ,,, 
:? ~53 
:? 'J'3' 
T::t ':12' 
:!' ')55 
--to> ,)5S 
';? 'J5? ,,, ,., ,,, 
!)J 'J12. ", ,n ,,, ,,, 
!):: 012 ", 

'" T:I 'J12 
:? '53 
:~ 35') 
::~ 'J50 
::? '51 
T:; ns 
::~ 352 
::? %3 
';? 'lSI 
T.~ 3:?~ 
:? :)55 
::? 055 

00' ,,, 
"0 Tn ')13 
0" 
'J? 

:? OS7 
';? OS9 
:~ ::IS9 
T~ n'3 
:, 'J7:l 

"0 
0" 
0" 

T:l 'Jl' ,,, 
T:; 'J2:? 
:~ 071 
T!=\ ')3' 
';p 'J72 
Tll :))1 
:~ 'J73 
:, ')7. 
:!' :)7:5 

'" ,,, 
T!J 015 ,,, 

0'0 
:, '750 
Tll 032 
:>:J= 

4-:4.0 

" II 
11 

" II 
II 
11 
II 
11 
II 
II 
II 
11 
11 
II 
II 
II 
1\ 
II 
II 
11 
II 
11 
II 
II 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
19 
19 
19 
19 
I) 

19 
19 
19 
19 
19 
19 
19 
l' 
19 
19 
IS 
IS 
IS 
IS 
IS 
IS 
15 
15 
IS 
Ii I. 
1$ 
1$ 
1$ 
1$ 
IS 
1$ 
1$ 
1$ I. 
1$ 
1$ 
IS 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
O. ,. 
03 
n 
03 
n ,. 
03 
03 
03 ,. 
03 
03 
O~ 
10 
10 
10 
10 
I' 
10 
1~ 

'3 
03 
03 
03 
OJ 
l3 
l3 
n 
n 
?3 
03 
03 
13 ,. 
?3 ,. 
OJ 
03 
OJ 
OJ 
l3 
03 
03 ,. 
03 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
i3 
'7 
'7 
07 
'7 
07 
~7 
07 
'7 
'7 
'7 
'7 
07 
07 ,. 
0; 
0; 
,s 
0; 
0; 
OS 
35 

:J "'297~ 
:J )2')'30 
:J ')2'3')2 
:J )2:7'J~ 
::J 'J3'')3 
:J :)30)5 
:J 'l3:lU 
:l :)3351 
:l '))1:)3 
:J 'l310S. 
:l ')312.2. 
J 'J3137 
:J ,)311-::! 
:l ')3133 
:J 'J31')') 
:l ')337'3 
::J '))531-
:J ']3;;S2 
:J Z37'37 
'l 'J3'35'3 
::J .,:)')31 
::J ')')173 
'l 'J'l5'J5 
:l 'J')31-2. 
:J ')112:7 
:J 31335 
:J 'Jl1'J7 
::J :)1115 
:J ')15.1» 
:J ')1553 
::J ')1572. 
:J 'J1572.. 
:J ')157' 
!l 1157$ 
J ')153') 
:l ,)lS1; 
'l 'Jb.?2 
:J ')17'J') 
::J ,).21,)') 
::J 'l21;'3 
::J :)2)2') 
:J ~12915 
:l 'J31J3 
:l )3'!lI,) 
:J ')3Soi~ 

:J 'l3TJ5 
:J ')39')0 
:l )33n 
!l ')33':.13 
:J l;3:313 
:J ';3331 

.!J ""'~31'J 
:J ')3:H+ 
::J ')0'J13 
:::J 'J'12'52 
:J 'J'l.27'Zo 
:J 'j:)5~J2: 

:J '1125 
:l 111'l3 
::J )13'57 
:J'lI'J.n 
:J :)1')57 
::J ')21')3 
:J 'J2115 
:J nus 
::J n11S 
:l ')211:; 
:J 02115 
:J :)2117 
::J ")2:113 
.::J :1212::1 
:J ':12'551 
J ').?7~S 
:1 '))~H 
::J ')3211 
:J ))2;59 
:J 'J35).i 
:J 3331$ 
:l ')37;1 
:J !J:J~27 
:J 30141 
:J. ':1:;13;5 
::J 'J'l~53 
::J 0')'55') 
:J '3::155'5 
::J ~3535 
::J O'lS'lt 
!l :lOS'l,) 
::J ~1l3So 
::J '1337 
::J 11'3:l'J 
:l 02.::15:) 
:l ':.1225'3 
:I n375 
:J ')2333 
:I !)23'35 
:I '325')7 
:l :).2525 
::J 32.:129 
!l )31S3 
:l 031?1 
::J 03H~ 
:J n3'31 
:J ')1')')5 
:J'l'JU7 
:J 0'J3'3") 
:I 'l1:)75 
::I 312,.'3 
:J 01332 
::I :)13?'3 
:I '13'34 
:I 01\'39 
:l ')1552. 
:J ::I13S5 

:= ')2'3')5 
:: oz.'J1.2 
:: 'l.??U 
~ 0272:2 
== .:)2')2;S 
:: 0.2')57 
!=' 32771 
:: ')2');:"1 
:= 'll.27 
:: ')3')3'l 
~ ')3,.:; 
:= 'l3'JS2: 
:: ')3');'7 
:= 031')3 
;. 33115 
:= 'J33n 
:: n,s2. 
':: 'J3'l'3,) 
;: 33717 
:: ')37'35 
:= ')"''51 
:: 'lU7.5 
;. ~1$52'3 
:= ')1'3~.J 

:= '5113 
:: 'J51'J5 
:: ')'5'2:"3 
::: "'513S 
"= ')5557 
:: ')5572 
:: 055'33 
:= 'l55'?3 
:= 'J55'3i 
:= "''577 
:: ')5:;n 
"= ')5.537 
F ')5~'3 
;. "''312 
:: ')5131 
;. ');'1'30 
;. 3$)'52 
0: 0:)')33-
:: ,)::'219 
:: '):"535 
:: :J7S71 
;. ')'732') 
== 'l7'3.?S 
:: '7'323 
!=' ')79.2') 
;. 07337 
:= 3795'Zo 
,~ ')7353 ' 
:: )::;;"3 
:= ')3123 
:: .'J337! 
0: ?3331 
:= ')371') 
:= ')')2l3 
;:- ')?'322 
:= 1')'37') 
:: 1::1')'33 
:= 1')')37 
;- 1022:? 
0: 1'l235 
== 1')2:35 
~ 1;)2:3~ 
;:: 1')2:)5 
"= 1:),23S. 
;- 1:;12)7 
;. 1')2)3' 
== I:l2U 
':'" 1:)573 
;. 1:)'377 
:: 11152 
-:: 11331 
== 113'3) 
:: 11555 
:: 1133'5 
:: 12330 
;- 121-'7 
:= 12353 
:: 12'532 
0: 125S') 
:: 1.?7S; 
:= 12772 
== 129')2. 
;. 12321 
:: 12'32$ 
:: 1335. 
:= 1)55' 
;: 14025 
:= H25:; 
;- IH73 
:= 1.J'S? 
;: 11502 
:= lUO') 
;. 14723 
;. 11-740 
:: 147'43 
:: 1537.7 
;. 15410 
:= 1555'3 
:= 150')9 
:= 15315 
== '03'33 
:: 0:l3.:u 
:: :)1:)29 
:: ')1131 
F 01.?St 
:= 01311 
== 31'317 
:: 013')1 
:= ')lt73 
:= 219t5 

T .722 
T 17 35 
T 47 35 
T \7 37 
T '733 
T '7 12 
T .7 It 
T '7 1t 
T ,7 '2 
T 17 '7 
T '3 ')3 
T 13 ')5 
T 1-3 'l5 
T 1-3 l') 
T 13 ,7 
T '3 .!3 
T 1-' 12 
T 1') 2: 
T ''3 )'3 
T $') '7 
T 50 27 
T '5' 55 
T 51 l3 
T 52 12: 
T 52 IS 
T 53 ')5 
T 53 :):
T '33 'l7 
T 53 13 
T 5) 13 
T 53 2:3 
T 53 35 
T 53 37 
T 53 )) 
T 53 3') 
T 53 '3 
T 53 H 
T 51 11 
T 51- 13 
T 54 1') 
T '55 '):l 
T '35 I') 
T 55 'J5 
T 5S 27 
T 5S ');, 
T 57 ')3 
T 57 13' 
T 57 13 
T '57 It 
T '57 IS 
T 57 1'3 
T 57 2') 
T 57 2:':.1 
T '37 '3 
T 5:';' :l.? 
T 53 :l'J 
T 5331-
T 5'3 25 
T 57 13 
T SO 3l 
T 5:) )5 
T 50 )5 
T ;0 1') 
T SO 51 
T .5:) 51 
T S'l 5) 
T SI' ')'J 
T 51 "')1 
T $01 12 
T 51 ')3 
T $1 :)3 
T SI 33 
T $02 31 
T 53 ')1 
T 53 17 
T 53 2S 
T 5' 1;" 
T H 13 
T 5' 57 
T S:5 17 
T SS :)., 
T SS 33 
T SS H 
T 55 ''3 
T S5 4'3 
T S; '52 
T is 5t 
T SS 55 
T 59 35 
T 5'3 'lI
T $9 .5 
T 73 07 
T 70 '3 
T 73 52 
T 73 53 
T 7:) 54 
T 71 1'3 
T 71 .,., 
T 71 22 
T 72 57 
T-73 23 
T 7t U 
T 75 31 
T 75 1') 
T 77 5'3 
T 7'3 13 
T 7') 31 
T '3:) 03 
T 30 11 
T "30 15 
T, '30 IS 
T '30 2.2 
T ~o 33 
T 3S 29 



vV 
• L FF.:Ut'lP. LDA ri. 1't~ 
• S:T 14156 \rl~~ ~" ... ~\~ ', . 
I<:Uti 011 s:mlP\-E RATE 00.5 'lEAR 77 MONTH 01 DAY 13 HOUR 13 MIN 1 

FIFTH WHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 
000 00 00 1<:1 D 0 00000 F 00001 T 00 00 .. ' 000 00 00 1<:1 0 00000 F 00001 T 00 01 

TA 001 00 '00 1<:1 0 00012 F 00014 T 00 16 
T8 002 00 00 R1 0 00081 F 00082 T 00 28 

000 17 13 Rl 0 00128 F 00128 T 00 35 
CP 001 17 13 R1 D 0 00140 F 00140 T 00 36 

000 17 13 R1 ' 0 00144 F 00144 T 00 37 
TD 001 17 13 . R1 0 00229 F 00229 T 00 55" I 

000 17 13 Rl D 0 00260 F 00260 T 00 58 
000 17 13 Rl 0 00266 F 00266 T 00 58 
000 17 13 R1 D 0 00300 F 00300 T 01 01 
000 17 13 Rl 0 00305 F 00305 T 01 02 
000 17 13 R1 D 0 00321 F 00321 T 01 03 
000 17 13 R1 0 00326 F 00326 T 01 04 

T8 003 17 13 1<:1 0 00476 F 00476 T 01 56 
CP 002 17 13 Rl 0 00763 F 00764 T 02 44 
CP 003 17 13 R1 0 01146 F 01145 T 03 23 

000 14 06 R1 0 01758 F 01757 T 04 12 
000 14 06 Rl D 0 01769 F 01767 T 04 13 

I CP 004 14 06 R1 0 01773 F 01772 T 04 13 
~ 000 14 06 R1 D 0 01898 F 01896 T 04 32 

000 14 06 Rl 0 01901 F 01899 T 04 33 
TD 002 14 06 R1 0 01904 F 01902 T 04 33-

000 14 OtS Rl D 0 01913 F 01912 T 04 35 
TA 004 14 06 R1 0 01915 F 01915 T 04 36 

000 14 06 R1 D 0 01937 F 01937 T 04 39 
000 14 06 R1 0 01941 F 01941 T 04 40 
000 14 06 R1 D 0 01960 F 01961 T 04 42 
000 14 OtS R1 0 01966 F 01966 T 04 42 

CP 005 14 06 R1 0 02167 F 02167 T 05 43 
CP 006 14 06 R1 0 02391 F 02393 T 06 32 
CP 007 14 06 Rl 0 02603 F 02604 T 08 13 
CP 008 14 06 R1 0 02887 F 02887 T 08 41 

000 14 08 R3 lAl 0 03369 F 03369 T 09 54 
CP 009 14 08 R3 lAl 0 03542 F 03542 T 10 12 
CP 010 14 08 R3 1.1.1 0 03880 F 03880 T 10 '40 
CP 011 14 08 R3 W 0 00005 F 04100 T 12 34 

000 15 13 R1 0 00285 F 04380 T 13 55 
000 15 13 R1 D 0 00310 F 04405 T 13 57 

~ 000 15 13 Rl 0 00:315 F 04410 T 13 58 
000 15 13 R1 D 0 00340 F 04435 T 14 00 
000 15 13 R1 0 00345 F 04440 T 14 01 

liD 003 15 13 R1 0 00391 F 04486 T 14 15 
DC 003 15 13 R1 0 00391 F 04486 T, 14 40 
TIl 003 15 13 Rl 0 00421 F 04516 T 14 45 

000 15 13 Rl D. 0 00442 F 04537 T'14 47 
000 15 13 Rl 0 00448 F 04543 T 14 48 
000 15 13 Rl D 0 00496 F 8'4591 T 14 51 
000 15 13 Rl 0 (.10503 F 04598 T 14 52 

4-41 



.L FRUMP.LDA ~~~ 
~!~. ,,~ .ST 14156 ,. 

RUN 012 SAMPLE RATE 00.5 YEri~R 77 MONTH 01 DAY 13 HOUR .15 MIN 00 

FIFTH WHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 
TA 001 00 00 Rl 0 00009 F 00010 T 00 29 ~ 

TA 002 00 00 Rl 0 00079 F 00080 T 00 40 
000 17 13 Rl 0 00112 F 00112 T 00 45 
000 17 13 Rl D 0 00121 F 00121 T 00 46 
000 17 13 Rl 0 00126 F 00126 T 00 46 

CP 001 17 13 Rl D 0 00136 F 00136 T 00 47 
000 17 13 Rl 0 00141 F 00141 T 00 48 

TD 001 17 13 Rl 0 00225 F 00225 T 00 56 
000 17 13 Rl D 0 00262 F 00262 T 01 00 
000 17 13 Rl o 00267 F 00267 T 01 00 
000 17 13 Rl D' 0,:00273 F 00272 T 01 01 
000 17 13 Rl '0 00279 F 00278 T 01 01 
000 17 13 Rl D o 00320 F 00320 T 01 05 
000 17 13 Rl o 00326 F 00326 T 01 05 

TA 003 17 13 R~ o 00469 F 00471 T 01 51 
CP 002 17 13 ffit o 00759 F 00763 T 02 33 
CP 003 17 13 Rl o 01129 F 01135 T 03 22 

000 , 14 '06 Rl o 01743 F 01751 T 04 57 
000 14. .06 Rl D o 01756 F 01764 T 04 58 

CP 004 14 06 Rl o 01762 F 01770 T 04 58 
TD 002 14 06 Rl o 01888 F 01897 T 05 30 
TA 004 14 06 Rl D o 01901 F 01911 T 05 33 

000 14 06 Rl o 01903 F 01914 T 05 33 
000 14 06 R1 D o 01946 F 01958 T 05 39 
000 14 06 R1 o 01952 F 01963 T 05 40 

CP 005 14 06 Rl o 02149 F 02162 T 06 37 
CP 006 14 06 R1 o 02378 F 02390 T 07 03 
CP 007 14 06 R1 o 02589 F 02603 T 07 57 
CP 008 14 06 Rl o 02867 F 02880 T 08 33 

000 14 06 R2 E o 03356 F 03370 T 09 53 
CP 009 14 06 R2 E o 03522 F 03538 T 10 08 
CP 010 14 06 R2 E o 03863 F 03881 T 11 11 
CP 011 14 06 R2 E o 04077 F 04095 T 11 34 

000 15 13 R1 o 00265 F 04379 T 12 06 
000 15 13 R1 D o 00291 F 04405 T 12 26 
000 15 13 Rl o 00292 F 04407 T 12 27 

DO 003 15 13 R1 o 00370 F 04485 T 12 44 
DC 003 15 13 Rl o 00370 F 04485 T 13 22 
TD 003 15 13 Rl 0 00390 F 04505 T 13 26 ';. 

000 15 13 R1 D 0 00424 F 04538 T 13 29 
000 15 13 R1 0 00430 F 04545 T 13,30 
000 15 13 Rl D 0 00479 F 04594 T 13 33 
000 15 13 Rl 0 00487 F 04602 T 13 34 

CP 012 15 13 Rl 0 00796 F 04912 T 14 35 
TA 005 15 13 Rl 0 00867 F 04982 T 15 31 
CP 013 15 13 Rl 0 01086 F 05201 T 16'54 
CP 014 15 13 R1 0 (;1309 'F 05425 T 17 24 
CP 015 15 13 Rl 0 01532 F 05649 T 17 41 

4-42 



~~ 
• L F~Wt1P. LDA ~1~1t~\1' .. .ST 14151',) .~ ~ 
~:UN, 013 SAt1PL.e: RATE 00.5 '('EAR 77 MONTH 01 DAY 13 HOUR 16 MIN, 0 

FIFTH WHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 
~ TA' 001 00 ,00 R1 0 00107 F 00108 T 00 43 

TA 002 00 00 R1 0 00176 F 00178 T 00 52 
000 17 13 Rl 0 00212 F 00212 T 00 57 
000 17 13 Rl D 0 00215 F 00215 T 00 58 
000 17 13 Rl 0 00219 F 00219 T 00 58 
000 17 13 Rl D 0 00226 F 00226 T 00 59 
000 17 13 R1 0 00230 F 00230 T 01 00 
000 17 13 R1 D 0 00241 F 00241 T 01 01 

CP 001 17 13 R1 0 00245 F 00245 T 01 02 
TD 001 ~7 13 Rl 0 00321 F 00322 T 01 29 

000 17 13 R1 D 0 00362 F 00363 T 01 33 
000 17 13 R1 0 00368 F 00369 T 01 34 
000 17 13 Rl D 0 00401 F 00402 T 01 36 
000 17 13 R1 0 00408 F 00409 T 01 37 
000 17 13 R1 D 0 00421 F 00422 T 01 38 
000 17 13 Rl 0 00429 F 00429 T 01 38 

TA 003 17 13 R1 0 00573 F 00575 T 01 51 
CP 002 17 13 Rl 0 00863 F 00866 T 02 21 
CP 003 17 13 Rl 0 1)1234 F 01238 T 03 55 

000 14 06 Rl 0 01832 F 01836 T 05 44 
(100 14 06 R1 D 0 01857 F 01861 T 05 47 

CP 004 14 06 R1 0 01862 F 01865 T 05 47 
DO 002 14 06 Rl 0 01987 F 01991 T 06 01 

.. 000 14 06 R1 D 0 01987 F 01991 T 06 08 
DC 002 14 06 Rl 0 01987 F 01991 T 06 08 
TD 002 14 06 R1 0 01992 F 01996 T 06 10 

000 14 06 R1 D 0 02006 F 02011 T 06 13 
TA 1)04 14 1)6 R1 0 02008 F 02014 T 06 14 

000 14 06 R1 D 0 02029 F 02035 T 06 17 
000 14 06 R1 0 02033 F 02039 T 06 17 
000 14 06 Rl D 0 02052 F 02058 T 06 19 
000 14 06 R1 0 02057 F 02063 T 06 20 

CP 005 14 06 R1 o '02260 F 02266 T 06 36 
Cp 006 14 OE> Rl o 02485 F 02492 T 07.02 
CP 007 14 06 Rl o 02693 F 02699 T 07 48 
CP 008 14 06 R1 o 02974 F 02981 T 08 13 
CP 009 14 06 Rl o 03630 F 03638 T 11 43 
CP 010 14 06 Rl o 03973 F 03981 T 12 15 
CP 011 14 1)6 Rl o 00093 F 04196 T 13 29 

000 15 13 Rl o 00370 F 04473 T 14 01 
TD 003 15 13 Rl o 00504 F 04608 T 14 30 

000 15 13 Rl D o 00517 F 04620 T 14 31 
000 15 13 Rl o 00523 F 04626 T 14 32 

10 000 15 13 R1 D o 0(1535 F 04639 T 14 33 
ooe. 15 13 R1 o 00542 F 04645 T 14 33 
000 15 13 Rl D o 00590 F 04693 T 14 37 
000 15 13 R1 o 00596 F 04700 T 14 37 

C:P 012 15 13 Rl o 00902 F 05006 T 15 18 

4-43 



• :~.T 141'51.:. 

RUN 014 5:At1PLE RATE 00.5 YE.AR 77 r1DrHH 01 DAY 1'=' "", HOUR 20 MIt-I 25 ~ 
FIFTH WHEEL FEET/PULSE 0002 0llDr1ETER FEET /PULS:E 0002 

000' 00' 00 Rl D 0 00000 F 00000 T 00 00 
000 00 00 Rl 0 00000 F 00000 T 00 01 ... 

TA 001 00 00 Rl 0 00008 F 00009 T 00 20 
.. 

TA 002 00 00 Rl 0 00084 F 00084 T 00 31 

~'\:~ 000 17 13 Rl 0 00104 F 00102 T 00 34 
000 17 13 Rl D 0 00119 F 00117 T 00 36 ~ ~ 
000 17 13 Rl 0 00123 F 00121 T 00 37 \,~.~ ?-

000 17 13 Rl D 0 00132 F 00130 T 00 38 
000 17 13 1': 1 0 00135 F 00132 T 00 39 

~' CP 001 17 13 Rl 0 00140 F 00139 T 00 40 
TD' 001 17 13 Rl 0 00227 F 00225 T 01 05 

000 17 13 Rl D 0 00259 F 00257 T 01 08 
000 17 13 R1 0 00264 F 00262 T 01 09 
000 17 13 Rl D 0 00279 F 00277 T 01 10 
000 17 13 Rl 0 00284 F 00282 T 01 11 
000 17 13 Rl D 0 00301 F 00299 T 01 12 
000 17 13 Rl 0 00306 F 00304 T 01 13 
000 17 13 Rl D 0 00325 F 00323 T 01 14 
000 17 13 Rl 0 00331 F 00329 T 01 15 

TA 003 17 13 Rl 0 00475 F 00474 T 01 57 
CP 002 17 13 Rl 0 00768 F 00767 T 02 46 
CP 003 17 13 Rl 0 01144 F 01141 T 03 25 

000 14 06 Rl 0 01746 F 01742 T 05 06 
CP 004 14 06 Rl D 0 01773 F 01769 T 05 08 

000 14 06 Rl 0 01779 F 01775 T 05 08 
DO 002 14 06 Rl 0 01867 F 01863 T 05 25 
DC 002 14 06 Rl 0 01867 F 01863 T 05 29 
TD 002 14 OE> Rl 0 01901 F 01897 T 05 36 
TA 004 14 06 Rl D 0 01915 F 01912 T 05 38 

000 14 06 Rl 0 01918 F 01915 T 05 39 
000 14 06 Rl D 0 01937 F 01935 T 05 42 .. 
000 14 06 Rl 0 01940 ·F 01938 T 05 42 

CP 005 14 06 Rl 0 02168 F 02165 T 06 00 
CP OOG 14 06 Rl 0 02396 F 02392 T 06 18 
CP 007 14 06 Rl 0 02607 F 02603 T 07 06 
CP 008 14 06 R1 0 02881 F 02876 T 07 30 

000 14 08 R2 W 0 03374 F 03369 T 08 58 
CP 009 14 08 R2 W 0 03546 F 03540 T 09 11 
CP 010 14 08 R2 W 0 03895 F 03890 T 09 37 
CP 011 14 08 R2 1.11 0 00012 F 04104 T 09 52 

000 15 13 Rl 0 00292 F 04383 T 10, 17 
DO 003 15 13 Rl 0 00396 F 04487 T 10 30 
DC 003 15 13 Rl 0 00396 F 04487 T 10 39 
TD 003 15 13 Rl 0 00417 F 04508 T 10 43 

000 15 13 Rl D 0 00494 F 04586 T 10 48 
000 15 13 Rl 0 00502 F 04594 T 10 49 

CP 012 15 13 R1 0 00826 F 04918 T 11 17 
TA 005 15 13 Rl 0 00892 F 04983 T 11 24 
CP 013 15 13 Rl 0 01113 F 05203 T 11 42 
CP 014 15 13 Rl 0 01339 F 05428 T 12 69 wi, 

CP 015 15 13 Rl 0 01563 F :)5653 T 12 26 
CP 016 15 13 R1 0 01787 F 05877 T 1-2 43 
TA 006 15 13 Rl 0 01952 F 06041 T 12 58 
CP 017 . 15 13 Rl 0 02455 F 06543 T 13 32 
CP 018 15 13 Rl 0 02513 F 06602 T 13 44 

4-44 



-------------

.L FRUr1P. LDA 
~~ 

, /-/'1 -"'!JP.. 
.$r 14156 ~.I [1411 
RUN 015 SAt1PLE RATS 00.5 YEAR 77 t1DriTH 01 DAY 13 HOUR 22 MIt/OO .-

FIFTH "'-'HEEL FEET/PULSE 0002 ODDr1ETER FEET/PULSE 0002 
000 00 00 Rl D 0 ;)Ou02 F 00"02 T 00 00 
000 00 00 

, 
R1 0 00002 F 00002 T 00 01 

TA 001 00 00 ~1 00013 F 
-

00 0 00014 T 09 
TA 002 00 00 R1 0 00079 F 00079 T 00 18 

000 17 13 R1 0 0011·5 F 00114 T 00 22 
000 17 13 R1 D 0 00137 F 00136 T 00 24 

CP 001 17 13 R1 0 00143 F 00143 T 00 25 
TD 001 17 13 Rl 0 00225 F 00224 T 00 31· 

000 17 13 Rl D 0 00265 F 00264 T 00 34 
000 17 13 R1 0 00272 F 00271 T 00 34 
000 17 13 R1 D 0 00315 F 00314 T 00 37 
000 17 13 Rl '0 00322 F 00322 T 00 38 

TA 003 17 13 R1- 0 00474 F 00475 T 01 23 
CP 002 17 13 Rl 0 00764 F 00766 T 02 12 
CP 003 17 13 Rl 0 01142 F 01143 T 02 51 

000 14 06 R1 0 01739 F 01742 T 03 36 
CP 004 14 06 Rl D 0 01769 F 01771 T 03 38 

000 14 06 Rl 0 01776 F 01778 T 03 39 
DO 002 14 06 R1 0 01871 F 01874 T 03 50 
DC 002 14 06 Rl 0 01874 F 01876 T 03 52 

, TD 002 14 06 Rl 0 01897 F 01900 T 03 56 
TA 004 14 06 Rl D 0 01910 F 01914 T 03 59 

000 14 06 R1 0 01913 F 01917 T 03 59 
000 14 06 R1 D 0 01927 F 01932 T 04 02 
000 14 06 R1 0 01931 F 01936 T 04 02 

" 000 14 06 R1 D 0 01957 F 01961 T 04 05 
000 14 06 R1 0 01962 F 01967 T 04 06 

CP 005 14 06 Rl 0 02163 F 02168 T 04 21 
CP 006 14 06 Rl 0 02397 F 02403 T 04 41 
CP 007 14 06 R1 0 02596 F 02602 T 05 29 
CP 008 14 06 R1 0 02882 F 02888 T 05 54 

000 14 08 R2 1.0.1 0 03360 F 03368 T 07 12 
CP 009. 14 08 R2 11.1 0 03538 F 1):3546 T 07 25 
CP 010 14 08 R2 l~ 0 03876 F 0388~ T 07 52 
CP 011 14 08 R2 W 0 04095 F- 04104 T 08 07 

000 15 13 R1 0 00282 F 04388 T 08.54 
TIl 003 15 13 R1 0 00406 F 04512 T 09 04 . 

000 15 13 Rl D 0 00436 F 04'542 T 09 07 
000 15 13 Rl 0 00442 F 04548 T 09 07 . 
000 15 13. Rl D 0 00483 F 04589 T 09 10 
000 15 13 R1 0 00491 F 04597 T 09 11 

CP 012 15 13 Rl 0 008t'~ F 04917 T 09 38 
TA 005 15 13 R1 0 0088· F 04988 T 09 47 
CP 013 15 13 Rl 0 010'38 F 05204 T 11" 06 

At CP 014 15 13 Rl 0 01321 F 05426 T 11 37 
CP 015 15 13 R1 0 01545 F 05652 T 11 56 
CP 016 15 13 R1 0 01767 F 05875 T 12 11 
TA 006 15 13 R1 0 01935 F OE.042 T 12 25 
CP 017 15 13 R1 0 02435 F 06543 T 12 58 
CP 018 15 13 R1 0 02492 F 06600 T 13 11 

4-45 



~ 

• L FP.Ut1P . 

• ST 14156 

F.:Ut~ OlE. . iFJr1f'LE ~:ArE 00.5 YEAR 77 t1DtHH 01 DAY 13 HOUR 
23 M~ , . ./ > 

FIFTH ~JHEEL FEET/PULSE 0002 DIIm1ETER FEET/PULSE 0002 

.,. \t.l' 
TA 001 00 00 Rl 0 00010 F 00011 T 00 11 
TA 002 00 00 Rl 0 (10079 F 00080 T 00 20 

000 17 13 Rl 0 00117 F 00116 T 00 24 

~I 000 17 13 Rl D 0 00138 F 00136 T 00 26 ~ 

CP 001 17 . 13 Rl 0 00143 F 00141 T 00 27 
DO 001 17 13 Rl 0 00189 F 00188 T 00 35 
DC 001 17 13 Rl 0 00189 F 00188 T 00 40 ~. 
TD 001 17 13 Rl 0 00223 F 00222 T 00 46 

000 17 13 Rl D 0 00273 F 00271 T 00 50 
000 17 13 Rl 0 00279 F 00278 T 00 51 
000 17 13 R1 D 0 00306 F 00305 T 00 53 
000 17 13 Rl [] 00313 F 00311 T 00 53 
000 17 13 Rl D [] 00327 F 00325 T 00 54 
000 17 13 Rl 0 00333 F 00332 T 00 55 

TA 008 17 13 R1 0 00477 F 00477 T 01 07 
CP 002 17 13 R1 0 00764 F 00765 T 01 34 
CP 003 17 13 R1 0 01138 F 01138 T 02 08 

000 14 06 Rl 0 01753 F 01753 T 02 59 
000 14 06 R1 D 0 01760 F 01760 T 03 00 

CP 004 14 06 R1 0 01766 F 017E.6 T 0:3 00 
TD 002 14 06 Rl 0 01897 F 01897 T 03 14· 
TA 004 14 06 Rl 0 01909 F 01910 T 03 17 

000 14 06 Rl D 0 01912 F (11913 T 03 17 .... 
000 14 06 Rl 0 01914 F 01915 T 03 18 

CP 005 14 06 R1 0 02165 F 02166 T 03 38 
CP 006 14 06 R1 0 02391 F 02393 T 03 59 
CP 007 14 06 R1 0 02602 F 02604 T 04 56 
ep 008 14 06 R1 0 02882 F 02884 T 05 20 

000 14 08 R3 hi 0 03361 F 03363 T 06 33 1-~ 
CP 009 14 08 1':3 W 0 03539 F 03541 T 06 48/ CP 010 14 08 R3 W 0 03889 F 03892 T 07 14 
CP 011 14 1:le 5.:3 I~I [J nflnna E fI~1f11 I rq 2R 

000 15 13 Rl [] 00290 F 04389 T 07 53 
DO 003 15 13 Rl 0 00376 F 04475 T 08 03 
DC 003 15 13 Rl 0 00376 F 04475 T 08 11 
TD 003 15 13 Rl 0" 00409 F 04509 T 08 16 

000 15 13 R1 D '0 00429 F 04529 T 08 17 
000 15 13 R1 0 00436 F 04535 T 08- 18 
000 15 13 R1 D 0 00443 F 04543 T 08 18 
000 15 13 Rl 0 00450 F 04550 T 08 19 
000 15 13 ~:1 D 0 00496 F 04596 T 08 22 
000 15 13 R1 0 00504 F 04604 T 08 22 ... 

CP 012 15 13 R1 0 00818 F 04918 T 08 49 
TA 005 15 13 Rl 0 00889 F 04988 T 09 (10 
CP 013 15 13 Rl 0 01106 F (I:'i203 T 09 26 
CP 014 15 13 R1 .. 0 01329 F 05428 T 09 52 
CP 015 is 13 R1 0 01567 F 05666 T 10 11 ~-

CP 016 15 13 Rl . 0 01775 F 05874 T 10 25 
TFt 006 15 13 Rl [] 0194:3 F 06042 T 10 38 
CP 017 15 ·13 Rl 0 02445 F 06544 T 11 10 
CP 018 .. 1.5...._--.13 RL 0 '-'2501 F 06600 T 11 21 

4:-46 



, 
r-RU:t1P. ~DA cg.{~ 01fo1 .... 

• ST 14156 

lie, :::<:U:i 017 S:;1~1PLE ~:ATE 00.5 YEAR 77 ~1J~HH 01 DFfv' 14 H:JUR 08 MI:i 50 

nF"TH !AIHEEL F"EET ".PULS:E u002 OD:JMETER F"EET ",PULS:E 0002 
000 00 00 Rl D :J 00001 r:: 00000 T 00 00 , 
000 00 00 Rl :J 00001 F 00000 T 00 01 ... T:=t 001 00 ·00 Rl :J 00024 F" 00025 T 00 16 

T8 002 00 00 Rl :J 00095 F" 00095 T 00 24 
:::p 001 00 00 Rl :J 00154 r:: 00153 T 00 .30 , 

000 17 13 ~:1 :J 001~.6 .... 00166 T 00 .31 r 
TD 001 17 13 Rl :J 002:36 F 00235 T 00 36 

000 17 13 Rl D :J 00278 t:' 00277 T 00 ~:'3 , 
000 17 1'-' .;, R1 :J 00285 F 00234 T 00 40 
000 17 13 R1 D :J 002'39 F" 002'3'3 T 00 41 
000 17 13 R1 :J 00.307 F" 00306 T 00 41 -000 17 13 1<: 1 D :J 00:314 F" 00:314 T 00 42 
000 1"1 13 Rl :J 00322 r:: 00.:::21 T 00 42 , 
000 17 13 R1 D :J 003.38 F" 00337 T 00 43 
000 17 13 R1 :J 00~:46 F 0(1:345 T 00 44 

TA 003 17 13 :;: 1 :J 004'31 F 00491 T 00 55 
[:p 002 17 13 R1 :J 00776 F 00779 T 01 .;),? 

... ,,;,0 

GF' 00:3 17 1':0 '.;.,0 Rl :J 01153 F 01155 T 02 00 
000 14 06 ::;:1 :J 01765 t:' 01766 T 03 37 , 

!::F' 004 14- 06 R1 D :J 0177'3 F 01781 T 03 :~:8 

000 14 06 ~:1 :J 017::::6 F 01788 T 03 ~:'3 

D:J 002 14 06 Rl :J 01853 t:' 01:::60 T 0.3 51 ..... , 
D::: 002 14 06 R1 :J 0185'3 F" 01B61 T 0::: C".-' 

,-t.~ 

000 14. 06 Rl D :J 01'305 F 01'307 T 04 06 
TD 002 14 06 Rl :J 01'308 F 01'311 T 04- 06 
T8 004 14 06 Rl :J 01924 F" 01928 T 04 0'3 

,~ 000 14 06 Rl It !J 01928 F 01932 T 04 0'3 
000 14 06 ~:1 :J 01'331 F 01936 T 04 10 
000 14 06 Rl D :J 01'374 F" 01979 T 1)4 14 
000 14 06 l': 1 [] 01'381 F 01986 T 04 14 

'-'0 005 14 06 Rl :J 02178 F 02183 T 04 ''"I'=> .... , .:> ... 

C:P 006 14 06 Rl [] 02402 F 02407 T 04 55 
'-'0 .... , 007 14 06 Rl :J 02614 F 02620 T 05 46 

000 10 06 R3 ti :J 02620 F 02625 T 05 46 
:::p 008 10 06 -..... :i :J 02:=:'3.3 t:' 02898 T 06 14 /<:.,:> , 
C:p OIB 10 06 R3 :i :J 0':::547 F (1.355.3 T 07 40 
:::p 010 10 06 R3 N :J O~:B:39 F 0.3:=:'36 T 08 08 
C:p 011 10 06 R3 N D 0000'3 F 04111 T 08 3'3 

000 15 13 Rl :J 0029B F 04400 T 0'3 11 
000 15 13 R1 D 0 00317 F 04419 T 0'3 13 
000 15 13 Rl :J 00321 F 04423 T 09 14 

D:J 00.3 15 13 Rl :J 00356 F 04458 T 09 :.:. ...... 
DC: 003 15 13 ~:1 :J 0037i t:' 04475 T 10 56 , 
TD 003 15 1 ~. .;.> Rl D :J 00424 F 04528 T 11 03 

000 15 1 ~~ Rl :J 004:30 F 04533 T 11 04 
000 15 1 ~. Rl II :J 00452 F 04555 T 11 06 

~ 
.;.> 

000 15 1· ... Rl :J 00457 t:' 04561 T 11 06 .;.> , 
000 15 13 Rl n :J 00503 F 04607 T 11 11 
000 15 13 Rl :J 00508 F 04612 T 11 11 

:::p 012 15 13 Rl 0 00823 F 04'327 T 11 44 
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.:;:T 14155 

~~~ 013 3~~?LE ~~TE 00.5 

':: I '=T'-I ~I'-I'='=' '='='=T ,.0' I' ~.,= '·1 n n-::. T:=!' 0'01 '~""'O(l'~"'" 'otO·-~·~ ..... ~l·-·· ..... :J 
T,=i (102 00 . 00 ~1 :J 

ODD 17 13 ~1 :J 
000 17 13 ~1 D :J 

:? 001 17 13 ~1 :J 
TD 001 17 13 Rl :J 

000 17 13 Rl D :J 
000 17 13 ~1 :J 
000 17 13 Rl D :J 
000 17 13 Rl :J 
000 17 13 Rl D :J 
000 

TH 003 
SP 002 
!:::=' 003 

000 
000 
000 
000 

::? 004 
T!) 002 
T:=i 004 

000 
000 
:)(1(1 

0:)0 
S? 005 
~::p :):) S 
:::P (107 
:::P (t 0:3 

000 
::::? :)0'3 
::p 010 
:::p 011 

000 
:)00 
:)00 
000 

:::? ')12 
TR :)1)5 

:::p 014-
Sp :)15 
C? 015 
T;=t :) os 

17 
17 
17 
17 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
1:.1-
1:.1-
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 

1,-' 
.~ 

13 
13 
1

_, 
.:;1 

os 
0;5 
0.5 
0:5 
os 
os 
OS 
OS 
os 
OS 
OS 

OS 

os 
:):3 

08 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
1.3 
13 

Rl 
Rl 
Rl 
Rl 

~:1 D 
Rl 
Rl D 
Rl 
Rl 
Rl 
Rl D 
Rl 
Rl D 
Rl 
Rl 
Rl 
~:1 
~:1 
R:3 ~.rJ 

~3 ~I 
R3 ~).I 

Rl 
Rl 
Rl 
Rl 

Rl 
Rl D 
Rl 

Rl 
Rl 
~1 
Rl 
Rl 

:J 
:J 
J 
:J 
:J 
:J 
:J 
:J 
:J 
:J 
:J 
:J 
:J 
:J 
J 
:J 
:J 
:J 
:J 
:J 
:J 
J 
:J 
!J 
:J 
!J 
:J 
:J 
;J 
!J 
:J 
!J 
:J 
:J 
:J 
!J 
:J 
J 

J~):J:1ETER 
0000'3 
00:)'31 
001.34 
00145 
00151 
00225 
002S1 
002S7 
00314-
00317 
00325 
00'327 
00478 
007~;2 

01142 
0173:l 
:)1745 
017:l:3 
017:52 
017:::'5 
01:3'37 
01'307 
01'310 
0191:3 
01'332 
:)1937 
02158 

:)2595 
02~37:3 
:):3352 
0.3528 

00275 
(I!):3S7 
:]0:3:S7 

0:)44:3 
:)0155 
~1:H7S 

:)~1483 

~I0305 
:):):370 
:)1 :)'3CI' 
01314 
01537 
017:5.5 
:)1928 
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:= :)0009 
~= 00082 
:= 0013:3 

;- 00225 
:= 002S0 
!= 002.5:::' 
:= 00314 
, 00317 
:= 0(1';:24 
F 00':::27 
:= 00479 
:= 007:5S 
:= 01145 
F 01737 
:= 017=1-:3 
:= 01751 
:= 017:::'5 
:= (117.5:3 
:= 01901 
:= 01912 
:= 01915 
:- 01'318 
:= 01938 
:= 01'344 
:= 021:55 
:= 02:3'32 
:= :)2S04 

:= 0:3:37:1-
:= 03541 
:= 03:3'34 
;- 04103 
:= 0433S 
:= 0:l47'3 
:= 04479 
;- ~14-5:)4 

:= ("~5S (I 
:= 045;;7 
:= :)45~3~: 

:= ::t~5'35 

:= 0-1-920 
~ ~)4'3:=::3 

:= :)5204 
:= :)542:3 
:= 05::,53 
;- 05'38~: 

T :):) 17 
T 00 '30 
T 00 :37 
T 00 3:3 
T 00 .;:3 
T 00 47 
T :)0 50 
T 00 51 
T 00 55 
T 00 5S 
T 00 57 
T 00 5~3 
T 01 :l4 
T 02 H 
T 03 17 
T CI:l 53 
T :)5 00 
T :)5 00 
T :)5 02 
T 05 03 
T 05 23 
T 05 :30 
T 05 31 
T 05 31 
T :)5 34 
T 05 .34 
T OS 37 
T 07 03 
T 07 58 
T :)8 25 
T 1 (I 03 
T 1:) 50 
T 12 2:3 
T 12 40 
T 1:3 ·51 
T 14 05 
T 14 25 
T 14 34 
T 14 38 
T 14 :;:9 
T 1:l 40 
T 14 41 
T 15 10 
T 15 21 
T IS :.1-3 
T 17 18 
T 13 45 
T 19 19 
T 20 :)8 



BAD/DELETED DATA 
.L FFWt1P. LDA 

;?/~ t/g .'n 14156 

F.:Ut'l 019 SAt1PLE RRTE 00.5 "(ERR 77 MONTH 01 DR'y' 14 HOUR 13 MIN 3 \' .... 

FIFTH I,.JHEEL FEET/PULSE (1002 ODOMETER FEET/PULSE 0002 
000 00 12 R1 0 00810 F 00240 T 00 17 
000 00 14 R1 0 00840 F 00240 T 00 17 

... 000 00 17 R1 0 00870 F 00240 T 00 17 
000 00 19 R1 0 00900 F 00240 T 00 17 
000 00 22 R1 0 00930 F 00240 T 00 17 
000 00 24 R1 0 00960 F 00240 T 00 17 
000 00 27 R1 0 00990 F 00240 T 00 17 
000 00 30 Rl 0 01020 F 00240 T 00 17 
000 00 33 R1 0 00026 F 00240 T 00 17 
000 00 36 Rl 0 00056 F 00240 T 00 17 
000 00 39 R1 0 00086 F 00240 T 00 17 
000 00 42 R1 0 00116 F 00240 T 00 17 
000 00 44 R3 (". 

~ 0 00146 F 00000 T 00 17 
000 00 00 Rl 0 00000 F 00046 T 00 17 
000 9E. 81 R1 0 00078 F 00752 T 00 42 
000 00 84 R1 0 00566 F 00240 T 00 52 
000 00 87 R1 0 00596 F 00240 T 00 52 
000 00 90 R1 0 00626 F 00240 T 00 52 
000 00 93 Rl 0 00656 F 00240 T 00 52 
000 00 ':;'6 R1 0 00686 F 00240 T 00 5'2 
000 00 99 R1 0 00716 F 00240 T 00 52 
000 00 03 R1 0 00746 F 00240 T 00 52 
000 00 06 R1 0 00776 F 00240 T 00 52 
000 00 10 R1 0 00806 F 00240 T 00 52 
000 00 13 R1 0 00836 F 00240 T 00 52 
008 00 17 R2 N 0 00866 F 00240 T 00 53 
008 00 20 R2 N 0 00896 F 00240 T 00 53 
008 00 24 R2 N 0 00926 F 00240 T 00 53 
008 00 27 ~I'-' ,c. N 0 00956 F 00240 T 00 53 
008 01 03 R2 N 0 00986 F 00243 T 00 53 
008 01 06 1',.-, .c. N 0 01016 F 00240 T 00 53 
008 01 09 1':2 ti 0 00022 F 00240 T 00 53 
008 01 11 F.:2 t'l 0 00052 F 00243 T 00 53 
008 01 13 f:;:1'-1 "c. N 0 00082 F 00240 T 00 53 
008 33 16 R2 N 0 00112 F 28656 T 00 53 
008 01 18 F.:2 N 0 00142 F 00240 T 00 53 
008 01 19 1':2 N 0 00172 F 00240 T 00' 53 
008, 01 21 R2 N 0 00202 F 00240 T 00 53 
008 01 23 R~' .c. N 0 00232 F 00240 T 00 53 
008 01 25 R2 N 0 00262 F 00240 T 00 53 
008 01 26 R2 N 0 00292 F 00240 T 00 53 
008 01 28 R2 N 0 1[10322 F 00240 T 00 53 
008 01 30 R2 N 0 00352 F 00240 T 00 53 
008 01 31 R~' .C; N 0 0lB82 F 00240 T 00 5'=' ._>oJ 

008 01 32 R2 N 0 00412 F 00240 T 00 53 
008 01 34 R'-' t'l 0 00442 F 00240 T 00 53 .C; 

008 01 35 R2 N '0 00502 F 00240 T 01 10 
000 20 01 R1 0 00000 F 00162 T 01 59 
000 17 13 R1 0 00163 F 00162 T 02 10 
008 01 35 R2 N 0 00018 F 00240 T 02 19 

- - .. .. -- - ,..a •• -._ • .a ,. 
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·L FF.:Ut'1F'. LDA 

b./~ #;rp57 .:H 14156 

F.:Ut-i 020 SAt1PLE F.:RTE 00.5 'lEAR 77 t'1DtHH 01 D 'y' 14 HOUR 16 tlIN 00' '. 

FIFTH I.tlHEEL FEET/PULSE 0002 oDDt'1ETEI': FEET/PULSE 0002 
TA 001 00 00 R1 0 00008 F 00010 T 00 10 
TA 002 00 00 Rl 0 00079 F 00079 T 00 22 

000 17 13 R1 0 00099 F 00098 T 00 25 . 
000 17 13 Rl D 0 00103 F 00102 T 00 26 
000 17 13 R1 0 00107 F 00106 T 00 26 
000 17 13 R1 D 0 00115 F 00113 T 00 27 
000 17 13 Rl 0 00119 F 00117 T 00 28 
000 17 13 Rl D 0 00126 F 00124 T 00 29 
000 17 13 Rl 0 00129 F 00127 T 00 29 

CF' 001 17 13 1': 1 0 00139 F 00137 T 00 32 
TD 001 17 13 R1 0 00224 F 00222 T 00 59-

000 17 13 1': 1 D 0 00261 F 00259 T 01 03 
000 17 1'=' -' R1 0 00267 F 00264 T 01 03 
000 17 13 Rl D 0 00284 F 002~:2 T 01 05 
000 17 13 R1 0 00290 F 00287 T 01 05 
000 17 13 R1 D 0 00314 F o O~: 11 T 01 07 
000 17 1 ~, .:;, Rl 0 00320 F 00317 T 01 08 

TA 003 17 13 Rl 0 00473 F 00471 T 01 55 
000 17 12 R3 E 0 00476 F 00473 T 01 C"~ ·_'b 

CP 002 17 12 R3 E 0 00767 F 00764 T 02 41 
Cp 003 17 12 FC'oj .'-' E 0 01143 F 01139 T 04 08 

000 14 OE- Rl 0 01758 F 01751 T 05 55 
000 14 OE, F.: 1 D 0 01770 F 01763 T 05 56 

CP 004 14 06 F.: 1 0 01775 F 01769 T 05 57 
TIl 002 14 06 Rl 0 01905 F 01898 T 06 16-
TA 004 14 06 RI 0 01916 F 01909 T OE> 18 

000 14 OE> Rl n 0 01922 F 01916 T OE> 19 
000 14 06 F.: 1 0 01'325 F 01919 T 06 19 
000 14 OE> Rl D 0 01'34:3 F 01938 T 06 22 
000 14 06 F.: 1 0 01947 F 01942 T 06 22 
000 14 OE> Rl D 0 01961 F 01956 T OE, 24, 
000 14 06 Rl 0 01966 F 01960 T 06 24 

CF' 005 14 06 Rl 0 02166 F 02159 T 07 40 
CP 006 14 06 F.: 1 0 02398 F 02390 T 08 16 
CP 007 14 OE, F.: 1 0 02605 F 02597 T 10 04 

000 10 OE, R3 N 0 02613 F 02604 T 10 05 
CP 008 10 06 F.''=' ._, N '0 02887 F 02878 T 12 10 
CP 009 10 06 R:3 N 0 03540 F O~:529 T 18 01 
CF' 010 10 06 R3 N 0 0.3885 F 0::::871 T 19 15 
CP 011 10 OE, R3 N [} 00001 F 04081 T 20 05 

000 15 1'? • .J Rl 0 00273 F 04:352 T 22 34 
000 15 1'=' -' Rl D 0 00276 F 04355 T 22 37 

000 15 13 1': 1 0 00277 F 04355 T 22 37 
000 15 1 ~, .:;, Rl D 0 00282 F 04360 T 23 01 
000 15 - 13 Rl 0 00282 F 04~360 T 23 01 
000 15 13 Rl D 0 00282 F 043E,(I T 23 04 
000 15 13 Rl 0 00282 F 04360 T 23 05 

DO 003 15 13 Rl 0 00394 F 04475 T 24 54 
DC 003 15 1'? ,-' R1 0 00394 F 04475 T 25 14 
Tn 003 15 1 ~, .:;, Rl 0 00414 F 04495 T 25 20 

000 15 13 Rl D 0 00447 F 04526 T 25 25 
finn 1~ 1;':( Rl 0 00450 F 04530 T 25 25 
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" 

• ~:T 1 U 55 

00.5 YEAR 77 ~~NT~ 01 ~AY l' ~~~R 18 

?I~TH ~~~E~ ~EET/?ULSE 0002 
TR 001 00 00 Rl 
T~ 002 00 00 Rl 

000 17 13 Rl 
000 17 13 R1 D 
000 17 13 R1 
000 17 13 Rl D 
000 17 13 Rl 

:? 001 17 13 ~1 
TD 001 17 13 Rl 

000 17 13 Rl D 
000 17 13 Rl 
000 17 13 Rl D 
000 17 13 Rl 
000 17 13 Rl D 
000 17 13 Rl 
O~O 17 13 Rl D 
o~o 17 13 Rl 

TA 003 17 13 Rl 
SP 002 17 13 Rl 
C? 003 17 13 Rl 

000 14 OS Rl 
000 14 OS Rl D 
000 14 OS Rl 

S? OO~ 14 05 Rl D 
000 14 OS Rl 

TD 002 14 05 Rl 
T~ 00' 1-1- OS Rl 

000 1-1- 05 Rl D 
000 14 OS Rl 
000 14 OS Rl ~ 
000 14 as Rl 

8? 005 14 OS Rl 
S? OSS 14 OS Rl 
S? 007 14 05 Rl 
EE OSS It )S Rl 
SE 007 14 OS Rl 
SP 007 14 OS Rl 

003 10 05 R3 N 
S? 01)8 1 I) ~)S' R3 N 
S? 009 10 05 R3 ~ 
C? 010 10 OS R3 ~ 
S? 111 10 OS R3 ~ 
~E 111 10 OS R3 ~ 

000 15 13 Rl 
D~ 003 15 13 Rl 
JS 003 15 13 Rl 
TD ::l!):3 15 13 R 1 

000 15 13 Rl D 
000 15 13 Rl 

:1D:J:1ETER 
:::I 00002 
:J 00079 
:J 00107 
:::I 0(1111 
:J 00115 
:J 0~1128 
:J i) ') 1.32 
:J 001.3S 
:::I 00218 
:J (l02S2 
:J 00258 
:J 00273 
:J 00278 
:J 00305 
:::I 00311 
:::I 00:323 
:J 00328 
:J 00473 
:J 007S5 
:J (11145 
:J 01742 
:J 01752 
:::I 01757 
:J 01775 
:::I 017:30 
~ 01905 
:::I 01'314 
:::I 01920 
:::I 01'322 
:::I :)1937 
:J 01'340 
:J :)2172 
:::I 02400 
:::I' :)2553 
:J :)2583 
:::I n583 
:::I 0250:3 
:::I 0251-1-
:::I :)2895 
:J 03554 
:J 03:3'34 
:J 0001'3 
:J :)0072 
:::I 00;3:)3 
:::I 00408 
:J :):)l 0:3 
:::I :)1)4:30 
:::I 00471 
:::I 00-1-74 
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FEET/?ULSE 0002 
~ 00002 
;- 00079 
:= 00105 
:= 00109 
;- ~I0112 

~ CICI124 
~ OCI128 
;- (10132 
~ 00214 
:= 00257 
!=' 00262 
~ 00257 
:= (10272 
~ 00299 
F 00305 
~ 0031:5 
~ 00322 
:= CI04S5 
~ 0075:5 
:=- ')11.32 
:= :)1723 
~ 0173~ 
F 01738 
:= 01757 
~ 01751 
:= 018:35 
~ 018'3:5 
~ 01'301 
~ C119~14 
~ 01'319 
~ 01922 
:= ~12153 
:= ~12:378 

;- :)252"3 
;- :)255~3 

:= :)2558 
:= !)25;33 
~ 02590 
~ :)28:59 
~ :).3521 
F :):3:359 
F O-lCI7:3 
;- :)41.31 
:= ~1-1-35'3 
:=- :)HS5 
:- :H4S5 
:= 0-1-4:3:5 
~ 0-1-525 
:= Ot529 

T ')0 05 
T 00 18 
T 00 22 
T 00 22 
T 
T 
T 
T 

00 23 
:)0 24 
~o 25 
00 25 

T CIO 38 
T 
T 
T 
T 
T 

00 42 
00 43 
0(1 43 
:)0 44 
00 45 

T 00 47 
T :)0 48 
T :)0 48 
T :)1 19 
T :)2 14 
T 02 59 
T 04 42 
T 84 43 
T :H '-1-3 
T 04 45 
T 04 45 
T ')5 (10 
T :]5 :)2 
T 
T 
T 

:)5 ').3 
:)5 03 
:)5 ~1:5 

T :)5 :):5 
T :)5 17 
T CIS 45 
T :)7 Ot 
T :)7 11 
T :)7 22 
T 07 37 
T :)7 38 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

08 18 
10 52 
11 55 
12 15 
12 2·~ 
13 18 
13 .34 
14 01 
1'-1- :)7 
14 12 
14 18 

, " 



, 
~R~J:1? • !...J:=t 

r.~~~~yt6?o 
.-
• ~T 1 ~156 ' " 

~:U~'~ nJ '=' 8:=tt1PLE RRTE 00.5 '(EAR :1 I:i ~O' " -'-- ... 
:=I:=TH !J.IHEEL :=EET /?'J!-.3:E 0002 JD!J:-1ETER ;'~ET/?ULS:~ (1002 
HI 001 00 00 R'l. !J 00010 r 001.110 T 00 37 
T:=t 002 00 i}Q Rl !J 00073 := 00072 T 00 17 

000 17 13 ~~1 !J 0:)119 := ;)0115 T 00 23 
000 17 13 R1 D ::J 00132 := 00123 T 00 2+ 

:::p 001 17 13 Rl !J 00136 := 00131 T (10 25 
J!J 001 17 13 Rl !J 0017-l := 00159 T 00 35 
J~ 001 17 13 Rl !J 00174 := 00159 T 00 ~1 
TD 001 17 13 Rl !J 00217 := 00211 T 00 50 

000 17 13 Rl D !J 01.1254 := 0024-7 T 00 55 
000 17 13 R1 :J 00253 ;= 00251 T 00 55 
000 17 13 ~u D !J 00315 := 003(18 T 01 0·:> .-
000 17 13 R1 !J 00320 ;= 00312 T 01 03 

T:=t 003 17 13 Rl !J 01) .. 1-73 := 004-:55 T 01 55 
'-'n w,- 002 17 13 Rl !J '00755 .!= 007-l9 T 02 44 
':::::' 003 17 13 Rl !J 01142 := 01113 T 03 27 

000 14 05 Rl !J 01744- := 01703 T 05 13 
000 14 0'5 Rl D !J 0174-9 := 01703 T 05 14 
000 14 (I'S Rl !J 01754 := 01714 T 05 14 
:)00 14 1.15 Rl D :J 01753 := 01 :·~·27 T OS 15 

'-'0 004 14 0:5 Rl !J 01772 := 01731 T oC' 15 J. . ..J 

T!l 002 14 OS Rl !J 01905 := 0185:3 T 05'33 
T:=t OO~ 14 OS Rl D !J 01917 := 01'375 T !)S 35 

000 14 OS Rl !J 01920 '= 01378 T 05 3-5 
000 14 :)'0 Rl D !J 01939 := 01393 T 05 40 
000 14- 05 Rl !J 01943 '=' 01902 T 05 40 

• .... 0 ..... , 005 14 05 Rl :J 02130 '- 02133 T OS 45 
'-'0 OOS 14 OS Rl :J 02401 '= 02351 T 07 11 .. 
'"'. 
'-'0 "". 007 10 (I'S R3 ~" :J 02512 ;= 02550 T 08 05 
'-'0 
"'" 003 10 ' OS R3 ~i :J 02893 '= 02337 T 08 33 
'-'0 "". 01.19 10 OS R3 :'i !J 0355$ := 03-l93 T 10 14 
'-'0 .-. 010 10 OS R3 :i !J 03892 := 03827 T 11 17 
..... 0 011 10 OS ~2 :i :J 00015 '- 04043 T 11 3'3 ...... , 

000 15 13 Rl :J 00295 := 0:B18 T 12 52 
:I:J 003 15 13 Rl !J 00400 := 04421 T 13 05 
D'--' 003 15 13 Rl !J 0040'3 := (14430 T 13 '30 
TD 003 15 13 Rl :J 0043-l ;= 04-45~ T 13 35 

000, 15 13 Rl D :J !)O514 ;= 04532 T 13 4-l 
OOQ 15 13 Rl :J 00520 := 04537 T 13 44 

'-0 oJ, 01;! 15 13 Rl !J 0083S ;= 0-l'345 T 14- 15 
T:=t 00;5 15 13 Rl !J 00913 := 04920 T 14 J/' _0 

'-'0 
"". Oi'3 15 13 Rl :J 01129 := 05128 T 15 49 
·-·0 014 15 13 R1 !J 01.355 '= 05:::50 T IS 19 oJ, 

• .... 0 015 15 1'3 Rl !J 01532 '= 0555'3 T IS 3"3 .-. , 
.~,... ..... - 01:5 15 13 Rl :J 01813 := ')57'34 T IS 53 
T:=! 00'5 15 13 Rl :J 01'375 := 059~3 T 17 14 
r·o "", 0117 15 13 Rl !J 02481 := OS4-l5 T 17 54 
S? 0:l8 15 13 Rl :J 025:l0 ;= 0'='504- T 18 04-

000 12 OS Rl !J 02558 := ~IS:527 T 18 -17 
000 12 OS Rl D !J 02724 '= OS~::'82 T 18 O~ _ .... 
0,00 12 OS Rl !J 02729 := 0-5S'37 T 18 -=--=-

- - ----
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' .. 

• ST 1 n 5:;' 

:- I O:;T'-i '.l.I'-ic o:;' O:;O:;O:;,T ... r:.'J' '-;:-0:; :) ') :)2 
T~' :)~)1' , --'5CI' -- ':)'0 -'--:<1 

T~ 002 00 ~O ~1 
:):):) 17 13 :<1 
:)1:) 17 13 ~1 J 
10:) 17 13 :<1 
'):) CI 
:) :)0 
0:)0 

':;:=- :):) 1-
::I:J ')01 
J.:: ')01 
TJ '),)1 

:):) C! 
:)00 
0:)') 

CIOO 
,).):) 

CI:) (I 
T:1 :),)3 
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FIFTH I ... IHEEL FEET/PULSE 0002 ODDt1ETER FEET/PULSE 0002 
TA 001 00 00 Rl 0 00006 F 00006 T 00 26 I ., 
TA 002 00 00 Rl 0 00074 F 00073 T 00 :38 

000 1.7 13 Rl 0 00108 F 00104 T 00 43 
000 17 13 Rl D 0 00131 F 00126. T 00 46 
000 17 13 Rl 0 001:35 F 00130 T 00 46 

(:p 001 17 13 Rl 0 00139 F 00134 T 00 47 
000 17 . 13 Rl D 0 00145 F 00141 T 00 48 
000 17 13 R1 0 00149 F 00144 T 00 48 

TD 001 17 13 R1 0 00222 F 00215 T 01 10 
000 17 13 Rl D 0 00259 F 00251 T 01 14 
000 17 13 Rl 0 00263 F 00256 T 01 15 

TA O~? 'oJ"'" 17 13 R1 0 00473 F 00463 T 02 07 
EE 033 17 13 Rl 0 00509 F 00501 T 02 14 
TA 003 17 13 R1 0 00520 F 00511 T 02 16 
CP 002 17 13 Rl 0 00762 F 00749 T 03 00 
CP 003 17 13 R1 0 01139 F 01115 T 04 24 

000 14 06 R1 0 01758 F 01724 T 06 23 
000 14 06 R1 D 0 01771 F 01736 T 06 24 

CP 004 14 06 Rl 0 01776 F 01741 T 06 25 
DO 002 14 06 Rl 0 01882 F 01846 T 06 38 
DC 002 14 06 Rl 0 01886 F 01850 T 06 42 
TD 002 14 06 Rl 0 01904 F 01868 T 06 47 
TA 004 14 06 Rl 0 01914 F 01879 T 06 49 

000 14 06 R1 D 0 01925 F 01:::90 T 06 C:;') -,-
000 14 06 Rl 0 01927 F 01892 T 06 r=':, '_'C_ .; 

CP 005 14 06 Rl 0 02171 F 02135 T 08 O·~ 
CP 006 14 06 Rl 0 02400 F 02362 T 08 42 
CP 007 14 06 Rl 0 026'07 F 02567 T 09 35 

000 10 06 R3 N 0 02619 F 02579 T 09 37 
CP 008 10 06 R3 N 0 02895 F 02855 T 10 01 
Cp 009 10 06 R3 N 0 0:3556 F 0,3509 T 11 38 
CP 010 10 06 R3 N 0 0:3896 F 0:3846 T 12 40 
CP 011 iO 06 1':3 N 0 00022 F 04067 T 13 00 

000 15 13 Rl 0 00295 F 04:3:38 T 13 27 
DO 003 15 1-':1 ~, Rl 0 00405 F 04447 T 13 40 
DC 003 15 13 Rl 0 00412 F 04454 T 13 49 
TD 003 15 13 Rl 0 004:31 F 04473 T 13 52 

000 15 13 Rl D 0'00520 F 04560 T 14 00 
000 15 13 Rl 0 00525 F 04566 T 14 00 

CP 012 15 13 Rl 0 00838 F 04875 T 14·34 
TA 005 15 13 Ri 0 00915 F 04950 T 14 45 
CP 013 15 13 Rl 0 01133 F 05165 T 16 10 
CP 014 15 13 Rl 0 01358 F 05388 T 16 38 
CP 015 15 13 Rl 0 01584 F 05609 T 16 59 .. 
CP 016 15 13 Rl 0 01810 F 05832 T 17 18 
TA 006 15 13 Rl 0 01979 F 05995 T 17 ~:6 

CP 017 15 13 Rl 0 02489 F OEA91 T 18 16 
CP 018 15 13 R1 0 02544 F 06545 T 18 26 

000 12 06 Rl 0 02677 F 06675 T 18 39 .... 
DO' 004 12 06 Rl 0 02799 F 06795 T 18 53 
DC 004 12 06 F.: 1 0 02800 F 06797 T 19 13 
TD 004 12 06 Rl 0 02811 F 06807 T lSI 18 

000 12 06 Rl D 0 02840 F 06836 T 19 22 
000 12 Of.. 1"1 n n?846 F 06842 T 19 22 
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'" RUN 025 SAt1PLE I<:ATE 00.5 'y'EAR 7'7 t'lONTH 01 DA'y' 15 

FIFTH I.\IHEEL FEET/PULSE 0002 ODOt-1ETER FEET/PULSE 0002. 
TA 001 00 00 R1 0 00009 F 00009 T 00 35 
TA 002. 00 00 R1 0 00086 F 00083 T 00 47 

000 17 . 13 R1 0 00114 F 00109 T 00 51 
000 17 13 R1 D 0 00137 F 00131 T 00 53 

cp 001 17 13 Rl 0 00141 F 00135 T 00 54 
DO 001 17 13 Rl 0 00196 F 00190 T 01 01 
DC 001 17 13 R1 0 00198 F 00191 T 01 19 
TD 001 17 13 R1 0 00224 F 00217 T 01 2.8 

000 17 13 Rl D 0 00263 F 00256 J 01 32 
000 17 13 R1 0 00269 F 00261 T 01 33 
000 17 13 Rl D 0 00306 F 00298 T 01 36 
000 17 13 FU 0 00311 F 00303 T 01 37 
000 17 13 R1 D 0 00328 F 00320 T 01 38 
000 17 13 R1 0 0033:3 F 00325 T 01 39 

TA 003 17 13 R1 0 00480 F 00470 T 01 55 
CP 002 17 13 R1 0 00769 F 00756 T 02 40 
CP 003 17 13 R1 0 01140 F 01124 T 03 08 

000 14 06 R1 0 01751 F 01732 T 04 4--' , i 

000 14 06 R1 D 0 01758 F 01739 T 04 48 
000 14 06 R1 0 01764 F 01745 T 04 48 

.. 000 14 06 R1 D 0 01771 F 01752 T 04 49 
CP 004 14 06 R1 0 01778 F 01758 T 04 49 
TIl 002. 14 OE. RI 0 01906 F 01887 T 05 02 . 
TA 004 14 06 RI 0 01924 F 01905 T 05 05 

000 14 06 Rl D 0 01927 F 01908 T 05 06 
000 14 06 R1 0 01929 F 01911 T 05 06 

Cp 005 14 06 Rl 0 02177 F 02155 T 05 30 
CF' 006 14 06 Rl 0 02401 F 02377 T 05 50 

000 10 06 ~''=' o.o;;J N 0 02613 F 02589 T OE. 40 
Cp 0(17 10 06 R3 N 0 02615 F 02591 T 06 40 
CP 008 10 06 R3 N 0 028'~5 F 02870 T 07 12 
CP 009 10 06 R3 N 0 O~:556 F 0:3527 T 08 48 
CD ..,. 010 10 06 R3 Ii 0 03902 F O:~:872 T 09 53 
CP 011 10 06 R'" .,;. N 0.00020 F 04085 T 10 12 

000 15 13 Rl 0 00302 F 04~366 T 10 :35 
DO 003 15 13 R1 0 00406 F 04468 J 10 ·46 
DC 003 15 13 R1 0 00411 F 04474 T 10 58 
TD 003 15 13 R1 0 00432 F 04493 T 11 04 

000 15 1-:0 .' R1 D 0 00474 F 04536 T 11 08 

" 000 15 13 Rl 0 00480 F 04542 T 11 09 
000 15 13 FU D 0 00525 F (14587 T 11 12 
000 15 ,13 Rl 0 005:32 F 04593 T 11 1'''' .,;. 

CP 012 . 15 13 Rl 0 00837 F 04897 T 11 40 
TA 005 15 13 Rl 0 00'319 F (14976 T 11 54 

~ CP 013 15 13 Rl 0 01132 F 05187 T 13 21 
CP 014 15 13 Rl 0 01359 F 05412 T 13 52 
CP 015 15 13 Rl 0 01583 F 05E.34 T 14 11 
CP 016 15 13 Rl 0 01808 F 05857 T 14 28 
TM 006 15 13 Rl 0 01980 F 06026 T 14 44 
CP 017 15 13 Rl 0 02482 F 06520 T 15 21 
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-:;p 003 1 7 13 R 1 

ooa 10 06 R3 ~ 
000 14 1)5 ~:1 

000 14 05 Rl D 
000 14 ~6 Rl 

:p oo~ 14 06 Rl D 
000 14 06 Rl 

~J 002 14 06 Rl 
J-:; 002 14 06 Rl 
TJ 002 14 06 Rl 

:)0:) 14 05 Rl D 
TA oo~ 14 05 Rl 

aoo 14 05 ::U II 
!)OO 14 06 Rl 
~)ao 14 05 r;:1 D 
:)00 14 05 Rl 
000 14 05 Rl!) 
00(' 14 06 Rl 

Cp 005 1~ 06 Rl 
CP 006 14 06 Rl 
CP 007 14 06 Rl 
:P 008 14 05 Rl 
:P 009 14 D5 Rl 
CF' 010 14 D6 Rl 
CP 011 14 D6 Rl 

')00 15 1'3 Rl 
000 15 13 Rl J 

J:J 003 
:JC 003 
TJ ('03 

0('0 
:)::1') 

0')0 
00(' 

Gp ')12 
TA 0('5 

15 
15 
15 
IS 
15 
15 
15 
15 
15 
15 

13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

Rl 
Rl 
Rl 
Rl D 
Rl 
Rl D 
Rl 
Rl 
Rl 

:r!:JJ:1ETER 
J 00006 
:J ~'0078 
:J 00107 
:J 00133 
o 00138 
o 00143 
:J 00155 
:J 00234-
:J 00253 
:J 00256 
:J 00302 
:J 00306 
;] (10330 
:J 00335 
;] 00470 
:J 00754-
:J 01138 
;] 01557 
;] 01725 
::J 01746 
:J 01752 
::J 01764 
::J 01771 
!J 01350 
:J al~353 

J 01398 
;] 01907 
::J 01'~10 
::J 01915 
;] CI1913 
o 01926 
o 01930 
o 01962 
o 01963 
;] 02157 
o 02385 
::J 02537 
;].02378 
:J 03529 
;] CG374 
;] ')~0:39 

;] 00273 
o CI0384 
:J 0:)310 
rl 30378 
;] ')0378 
;] 0041·1 
::J 30·Hl 
o 00447 
o aO-lSI7 
::J ')05('4 
o 0:)810 
::J 00:382 

4-58 

FEET/PU~S:E 

F 00007 T 
F 00073 T 

0002 
00 08 
00 17 

F 00107 T 00 20 
~ 00132 T 00 23 
F 00137 T 00 23 
F 00143 T 00 24 
F 00154 T 00 25 
F 00234 T 00 31 
F 00259 T 00 33 
F 00266 T 
F 00301 T 
F 00305 T 
... 00330 T 
F 00334 T 
F 00470 T 
F 00766 T 
F 01140 T 

ClO 33 
ClO 35 
00 37 
00 39 
00 40 
01 21 
02 21 
03 50 

... 01558 T 05 21 
F 01728 T 
F 01747 T 
F 01753 T 
F 01755 T 
F 01771 T 
.- 01351 T 

05 41 
05 42 
05 43 
05 44 
05 ~4 
05 54 

F 01854 T 06 04 
F 01399 T 06 11 
F 01903 T 06 12 
F 01912 T 06 13 
F 01919 T 06 14 
.- 01922 T 05 14 
F 01923 T 06 15 
F 01333 T 06 16 
F 01966 T 05 19 
F 01971 T 
F ')2159 T 
;= 02388 T 

06 19 
06 35 
06 54 

F 02500 T 07 33 
F 02880 T 08 07 
F 03532 T 03 33 
F 03878 T 
F 04093 T 
F 04378 T 
F 04403 T 
F 04403 T 
F ~H479 T 
F 04473 T 
F 134513 T 
F 04542 T 

10.06 
10 22 
i1 25 
11 27 
11 28 
11 41 
12 01 
12 03 
12 11 

F 04548 T 12 12 
F 04598 
F 04506 
F 04312 
F :)4383 

T 12 15 
T 12 16 
T 12 43 
T 12 58 

. " 
I " 

• 



·L FF.:Ur1P. LI:A It:: (??oNTH 
1; /~ . --

J<. .~T 14156 , 
" 

RUt1 03(' ~:At1PLE F:ATE e(~. 5 (~1 DR';' 15 HOUR 17 MIN 15 

FIFTH l~!HEEL FEET/F'l'L~"E 0002 ODOMETER FEET /F'l!U::E 0002 
TA 001 00 00 P1 0 00006 F 00007 T 00 12 
TA 002 00- 00 F:l 0 (H)07E. F 00077 T 00 21 

0('0 17 13 R1 0 (l(II03 F 00102 T 00 ~.C' 

c..' 
000 17 1:::; P1 D 0 00134 F 00132 T 00 28 

CP 001 17 1 ~. ,:. F.: 1 0 0(11::::8 F OCI 137 T 00 '-'Q 
c.~ 

110 001 17 13 Pl 0 01}170 F 00170 T 00 ~:7 

DC 01::1 17 13 F:1 0 00170 F (10170 T 00 43 
TIt 001 17 1 ... · F:l 0 00221 F 00221 T 00 C' .... 

..;< .... c:. 

00(: 17 13 1':1 It 0 00258 F (1(1258 T 00 C'C' 
... 1 ... , 

0(1(: 17 13 R1 0 00264 F (1(1263 T 00 56 
(1)0 17 13 FU D 0 00275 F 00274 T 00 57 
000 17 1 '" .,;. F:l 0 00281 F Oq280 T 00 57 
OOC: 17 1 :::: F:l It 0 00316 F 00215 T 01 00 
000 17 13 F:l 0 00322 F 00321 T 01 01 

TA 0(1:::: 17 1 .... ..;< F:l 0 00475 F 00475 T 01 lE. 
CF' 0(l2 17 13 F:l 0 007E,0 F 00760 T 01 51 
CP on~ 17 13 F: 1 0 01140 F 01139 T 0'" 23 .c. 

000 14 06 F:l 0 01748 F G174E. T (~:::: C'C' ._! __ t 

" 
Cp 0(14 14 (IE· Rl 0 017E.7 F 017E·5 T 0::: 57 

000 14 06 F: 1 D 0 01774 F 01772 T O~: ~7 

000 14 06 P1 0 01780 F 01778 T 02 58 
DO 002 14 OE. I;;:! 0 o 18E,~ F 018E.4 T 04 08 
llC 002 14 OE. Rl 0 01869 F 01868 T 04 18 

'. TD C' 02 14 06 F: 1 0 01:=:99 F 01898 T 04 .... C' 
c..' 

T8 0(:4 14 06 R1 0 01913 F 01912 T 04 ·-·et c.J 

OC'O 14 06 R1 D 0 01914 F 01914 T 04 21 

000 14 06 F:1 0 01915 F 01·3t1E. T 04 31 
CP 005 14 06 F: 1 0 02163 F 0216:::: T 05 43 
CP 006 14 06 F:l 0 02293 F 02:::~92 T (16 07 
CF' 007 14 OE, F: 1 0 02604 F 02604 T 07 01 

000 10 OE, F:3 N 0 02608 F o 2 E.ll 7 T 07 02 
Cp 008 10 06 p,,:~ ~1 0 Q2€:8:::~ F 02881 T 08 22 

'.~ 

CF' onC! 10 OE, F.~ ::~ N 0 0::::544 F O~;539 T 10 12 
CF' 010 10 06 F'':' t1 0 03e88 F O~:~:79 T 11 20 .. ' 
CF' 011 10 06 R:':~ N 0 00011 F 04101 T 11 41 

00(1 15 13 R1 0 00293 F 04;:~83 T 12 C',... 
"",'';:; 

000 15 12 F:l D 0 OO~~22 F 04412 T 12 55 
00(; 15 1':: R1 0 00228 F 04418 T 12 56 .. 

DO 003 15 13 R1 0 0029'? F 04489 T 13 C"" 'i 

l\C (If"~ 15 13 Rl 0 00:399 F 04489 T 13 27 
.... -

Tn 003 15 1 ,:. F: 1 0 (10417 F 04507 T 13 .... r:: .. ..:::,~ 

O(lO 15 13 F:1 It 0 00510 F ('4E,OO T 13 44 

000 15 13 R1 0 00517 F 04E,07 T 13 44 

CF' 012 15 1'~ R1 0 (tO~~27 F (;4916 T 14 15 .. 
TA 005 15 1'-' F:l 0 00901 F (:4988 T 14 "'.C' 

..:: c..' 

CF' 013 15 1 ~~ F:1 0 01113 F 05200 T 15 54 

CF' 014 15 13 F:1 0 01342 F 05429 T lE, 26 

4-59 



L FF.:Ut1P. LDFt 

.:n 1415E, 

00.5 ' .... EA F.: ..,.., t'1DtHH 01 DAY 1!:.i HOUF: 1E: t'1 I t'i 45 
RUt~ 031 -S:At'1PLE F.:ATE ' I 

~ I.I.IHEEL FEET /PULS:E 0002 ODDr1ETER FEET/PULSE' 0002 
FIFTH 00010 F 00010 T '\)0 12 
TA 001 00 00 R1 0 

00077 T 00 2~: .... 
TA 002 00 00 R1 0 0007E, F 

~. \\~" 000 17 1'-" Rl 0 00122 F 00121 T 00 29 
,;i 

000 17 1':' R1 D 0 001:35 F 00134 T 00 81 ... ' 
000 17 13 R1 0 ))0139 F 00138 T 00 ~:1 

CP 001 17 1':0 R1 0 00143 F 00142 T 00 :~:2 
• ...J 

no 001 17 13 R1 0 00181 F 001~:0 T 00 41 
lIC 001 17 1~: R1 0 0018'? F 00186 T 00 44 
Tn 001 17 1':0 ... ' R1 0 00223 F 00222 T 00 49 

000 17 1':0 ... ' F.: 1 It 0 002E,9 F 00269 T 00 54 
000 17 13 F.: 1 0 00275 F 00274 T 00 54 
000 17 1 :;: F.: 1 II 0 00299 F 00298 T 00 57 
000 17 1:3 1':1 0 0030:::: F 00::::03 T 00 C'~ ... ' ( 
000 17 13 F.: 1 n 0 0:~:12 F 00312 T 00 58 
000 17 1-' .:> R1 0 0317 F 00317 T 00 59 

TA 003 17 13 1<: 1 0 0470 F 00471 T 01 52 
000 17 1-::' .... R1 0 OE.:=:6 F 00688 T 02 37 
000 17 1],':0 ... ' Rl 0 0690 F 00691 T 02 ::::8 
000 17 1':0 ... ' 1<: 1 0 OE,94 F 00695 T 02 ::::8 
000 17 1':0 ... ' Rl 0' 0699 F 00700 T 02 :;:1;-
000 17 13 1<: 1 0 0703 F 00705 T 02 :3'3 .. 
000 17 1 ::: 1<: 1 0 0708 F 00709 T 02 40 
000 17 1:3 R1 0 0713 F 00715 T 02 40 
000 17 1'=' ,-' Rl 0 0718 F -'0719 T 02 41 
000 17 13 R1 0 0723 F 0725 T 0'::-..... 41 " 000 17 13 1<:1 0 0729 F 0730 T 02 42 
000 17 1 ~. .;:, 1<: 1 n 0734 F 07~3E. T 02 42 
000 17 1-::' '-' R1 0 00740 F 0741 T 02 4~: 
000 17 1'-' .,:,. R1 0 00746 F 0747 T 02 43 
000 17 13 F.: 1 0 00751 F .10753 T 02 44 

CP 002 17 13 1<: 1 0 00757 F 00759 T 02 44 
000 17 1:3 Rl 0 00763 F 00765 T 02 45 
000 17 1'':0 '-' F.: 1 n 00769 F 00770 T 02 45 
000 17 1~: Rl 0 00774 F 00776 T 02 46 
000 17 13 Rl 0 00780 F 00781 T 02 46 
000 17 1 r, .;i FU 0 00785 F 00787 :- 02 47 
000 17 1~: F.: 1 0 00790 F 00791 T 02 47 
000 17 1-::' ... ' F.: 1 0 00795 F 007 137 T 02 48 
000 17 1'':' "", F.: 1 0 f 0800 F 00801 T 02 48 
000 17 1-::' ,-' F.: 1 0 0804 F 00806 T 02 49 
000 17 1'':' ,-' Rl 0 0809 F 00E:I0 T 02 49 
000 17 1-' .:> Rl !] 0813 F 00814 T 02 50 
000 17 13 R1 0 0817 F 00818 T 02 50 
000 17 1-' .,:,. R1 0 10821 F 00823 T 02 51 
000 17 1'':0 ,-' Rl 0 '-'0825 F 00827 T 02 51 .. 
000 17 13 1<:1 0 00:::29 F 008::::1 T 02 52 
000 17 13 F.: 1 0 008::::4 F 00835 T 02 C'r, 

"_1C, 

000 17 1 r, .;:, 1':1 0 008::::8 F 00839 T 02 C'~, 

'-"=' 000 17 13 F~1 0 00842 F 00843 T 02 5:::: 
000 17 1 :3 R1 0 00846 F 00847 T 02 54 

4-60 



.L FRUMP.LDA 

.ST 14156 ' " 

RUN 032 SAt1PLE RATE 00.5 YEAR 77 t10tHH 01 DAY 15 HOUR 20 MIti 20 I ., 

FIFTH WHEEL FEET/PULSE 0002 ODOMETER FEET/PULSE 0002 

1~7 TA 001 00 00 R1 0 00007 F 00008 T 00 11 
TA 002 00 00 Rl' 0 00076 F 00077 T 00 26 

000 17 ,13 R1 0 00107 F 00105 T 00 31 
000 17 13 Rl D 0 0011 0 F' 00109 T 00 31 

z:~ 000 17 13 Rl 0 00114 F 00112 T 00 32 
CP 001 17 13 Rl D 0 00137 F 00136 T 00 35 

/.10 
000 17 13 Rl 0 00141 F 00139 T 00 35 
001 17 13 Rl 0 00182 F 00180 T 00 42 , 

DC 001 17 13 Rl 0 00184 t= 00183 T 00 59 
TD 001 17 13 R1 0 00222 F' 00221 T 01 07 

000 17 13 R1 D 0 00256 F 00255 T 01 10 
000 17 13 R1 0 00261 F 00260 T 01 11 
000 17 13 Rl D 0 00306 F 00305 T 01 15 
000 17 13 R1 0 00312 F 00310 T 01 15 
000 17 13 Rl D 0 00329 F 00327 T 01 17 
000 17 13 R1 0 00335 F 00333 T 01 17 

TA 003 17 13 Rl 0 00474 F 00473 T 02 03 
CP 002 17 13 R1 0 00761 F 00760 T 02 56 
CP 003 17 13 R1 0 01140 F 01137 T 03 33 

000 14 06 R1 0 01745 F 01740 T 05 28 
000 14 06 Rl D 0 01750 F 01745 T 05 28 

~ 000 14 06 R1 0 01755 F 01750 T 05 29 
CP 004 14 06 R1 D 0 01771 F 01765 T 05 30 

000 14 06 Rl 0 01775 F 01770 T 05 31 
TD 002 14 06 Rl 0 01898 F 01892 T 05 45· 
TA 004 14 06 Rl D 0 01915 F 01910 T 05 50 

000 14 06 Rl 0 01917 F 01912 T 05 51 
000 14 06 Rl D 0 01936 F 01932 T 05 54 
000 14 06 Rl 0 01939 F 01935 T 05 55 

CP 005 14 06 Rl 0 02166 F 02161 T 07 01 
CP 006 14 06 Rl 0 02397 F 02391 T 07 26 
CP 007 14 Oe. R1 0 02605 F 02599 T 08 21 
CP 008 14 06 Rl 0 02892 F 02884 T 08 51 
CP 009 14 06 Rl 0 03548 F 03538 T 10 24 
CP 010 14 06 Rl 0 03888 F 03878 T 11 35 
CP 011 14 06 R1 0 00013 F 04099 T 11 56 

000 15 13 Rl 0 00298 F 04382 T 13 11 
000 15 13 Rl D 0 00324 F 04408 T 13 13 
000 15 13 Rl 0 00329 F 04413 T 13 14 

DO 003 15 13 Rl 0 00399 F 04483 T 13 23 
DC 003 15 13 Rl 0 00401 F 04485 T 13 41 
TD 003 15 13 Rl 0 00421 F 04505 T 13 50 

000 15 13 Rl D 0 00516 F 04600 T 13 59 
000 15 13 Rl 0 00523 F 04607 T 13 p9 

CP 012 15 13 Rl 0 00827 F 04910 T 14 32 

"" 
TA (105 15 13 Rl 0 00902 F 04984 T 14 42 
CP 013 15 13 R1 0 01120 F 05199 T 15 07 
CP 014 15 13 Rl 0 01343 F 05422 T 15 33 
CP 015 15 13 R1 0 01575 F.05654 T 15 56 
CP 016 15 13 R1 0 ·01790 F 05868 T 16 15 

4-61 



oo.f!f~? 
./ 

~ .DT 1415':, O· 
F.:Uf'i 034 SAt1PLE F':ATE MDt'iTH 01 !IAY 16 HOUR 12 MIN 35 

FIFTH WHEEL FEET/PULSE 0002 ODDt1ETER FEET/PULSE 0002 . " 
TA 001 00 00 Rl 0 00008 F 00009 T 00 09 
TA 002 00 00 Rl 0 00076 F 00076 T 00 19 " 
Cp 

, .. ., 
001 17 13 Rl 0 00133 F 00131 T 00 26 

DO 001 17 13 Rl (J 00178 F 00176 T 00 34 
DC 001 17 13 Rl 0 00181 F 00179 T 00 40 . 
TD 001 17 13 R1 0 00222 F 00219 T (10 49 

000 17 13 R1 D 0 00253 F 00251 T 00 52 .. 
000 17 13 Rl 0 00259 F 00256 T 00 53 
000 17 13 R1 D 0 00312 F 00310 T 00 57 
000 17 13 Rl Il 00318 F 00315 T 00 58 

TA 003 17 13 R1 0 00471 F 00469 T 01 48 
(:P 002 17 13 R1 0 00758 F 00753 T 02 44 -CP 003 17 13 Rl 0 01130 F 01122 T 03 19 , DO 002 17 13 Rl 0 01563 F 01551 T 04 16 
DC 002 17 13 Rl 0 01565 F 01553 T 04 41 
TD 002 17 13 Rl 0 01586 F 01574 T 04 49 
EE 002 17 13 Rl 0 01686 F 01673 T 05 01 
EE 002 17 13 Rl 0 01708 F 01695 T 05 03 
EE 002 17 13 R1 0 01731 F 01717 T 05 05 

000 14 06 Rl 0 01753 F 01739 T 05 07 
CP 004 14 06 Rl D 0 01769 F 01755 T 05 09 

000 14 06 Rl 0 01773 F 01759 T 05 09 
TD 002 14 06 Rl 0 01897 F 01883 T 05 33 

000 14 06 Rl D 0 01912 F 01898 T 05 36 
TA 004 14 06 Rl 0 01914 F 01901 T 05 36 
CP 005 14 06 R1 0 02167 F 02153 T 06 00 
CP 006 14 06 Rl 0 02397 F 02382 T 06 21 
CP 007 14 06 Rl 0 02606 F 02589 T 07 09 

000 10 06 R3 f'i 0 02612 F 02595 T 07 10 
CP 008 10 06 R3 N 0 02888 F 02870 T 07 43 

"-
CP 009 10 06 R3 N 0 03544 F 03526 T 10 02 
CP 010 10 06 R3 N 0 03879 F 03860 T 10 35 
CP 011 10 06 R3 f'i 0 00001 F 04077 T 10 50 

000 15 13 R1 0 00290 F 04365 T 11 12 
000 15 13 Rl D 0 00319 F 04394 T 11 14 
000 15 13 Rl 0 00324 F 04400 T 11 15 

DO 003 15 13 R1 0 00390 F 04465 T 11 23 
DC 003 15 13 Rl 0 00399 F 04475 T 11 36 
TD 003 15 13 Rl 0'00422 F 04498 T 11 43 

000 15 13 Rl D 0 00455 F 04530 T 11 46 
000 15 13 Rl 0 00462 F 04537 T 11 46 
000 15, 13 Rl D 0 00506 F 04581 T 11 49 
000 15 13 Rl 0 00514 F 04589 T 11 50 

Cp 012 15 13 Rl 0 00822 F 04897 , T 12 16 
TA 005 15 13 Rl 0 00902 F 04975 T 12 24 
CP 013 15 13 Rl 0 01117 F 0~187 T 13 44 
CP 014 15 13 Rl 0 01338 F 05409 T 14 15 
CP 015 15 13 Rl 0 01570 F 05640 T 14 33 
CP 016 15 13 Rl 0 01791 F 05861 'T 14 49 
TA 006 15 13 R1 0 01961 F 06029 T 15 04 
Cp 017 15 13 Rl 0 02464 F 06529 T 15 40 
CP 018 15 13 Rl 0 02524 F 06588 T 15 49 

'000 12 06 R1 0 02659 F 06722 T 16 02 
TD 004 12 06 Rl 0 02788 F 06851 T 16 56 

4-62 



-~.--. . .. 
.L FF.:ur·1F'. LDA 

E . /~ ~~-ZOUR • ST 1415E. 

F.:Ur-i 0:;:5 SAr1PLE F.:ATE 00.5 · .... EAR 77 110tHH 14 In Ii 15 

FIFTH I.~IHEEL FEET/PULSE 0002 OIlot1ETER FEET/PULSE 0002 

TA 001 00 00 R1 0 00007 F 00008 T 00 06 
TA 002 00 00 Ft.1 0 00078 F 00078 T 00 21 

000 17 13 Rl 0 00120 F 00119 T 00 29 . 
CP 001 17 13 Rl 0 00134 F 00132 T 00 30 

000 17 13 1': 1 D 0 00138 F 001;::6 T 00 31 
000 17 13 Rl 0 00143 F 00141 T 00 31 

TD 001 17 13 FU 0 00221 F 00218 T 00 39 
000 17 1'=' ~. 1': 1 II 0 00260 F 00256 T 00 42 
000 17 1 ,:. 

~. R1 0 002E.6 F 00261 T 00 43 
000 17 13 1<: 1 D 0 00321 F 00313 T 00 47 
000 17 1'=' ~. R1 0 0(1:327 F 00319 T 00 48 

TA 00'3 17 13 F.: 1 0 00474 F 00465 T 01 31 
Cp 002 17 13 R1 0 00767 F 00753 T 02 24 
Cp 003 17 1 ;:: Rl 0 01140 F 01122 T. 02 56 

000 14 06 Rl 0 01744 F 01720 T 04 37 
000 14 OE. R1 D 0 01750 F 01726 T 04 :38 
000 14 06 Rl 0 01757 F 01733 T 04 38 

Cp 004 14 OE. Rl II 0 0177'0 F 01745 T 04 39 
000 14 06 R1 0 01777 F 01752 T 04 40 

TD 002 14 06 R1 0 01903 F 01877 T 05 01 
TA 004 14 OE. Rl D 0 01920 F 018'35 T 05 04 

000 14 OE. Rl 0 01922 F 01898 T 05 05 
000 14 06 F.: 1 D 0 01959 F 01934 T 05 10 
000 14 06 Rl 0 01 13'::.3 F 01938 T 05 10 

" CP 005 14 06 Rl 0 02171 F 02143 T 05 28 
Cp OOE. 14 06 F.: 1 0 02403 F 02370 T 05 49 
CP 007 14 06 1<:1 0 02f-,12 F 02576 T 06 ;::9 

000 10 OE. F.: 3 N 0 02615 F 02580 T 06 40 
... CP 008 10 OE. R3 N 0 02890 F 02854 T 07 05 

CP 009 10 06 F.'~' ",:) Ii 0 03547 F 03506 T 08 49 
CP 010 10 06- F.~3 Ii 0 0::::886 F 03842 T 1 .," .. ,. 01 
CP 011 10 06 I<"j .~. N 0 00016 F 04063 T 10 26 

000 15 13 F.: 1 0 00295 F 043;::9 T 11 12 
TD 003 15 13 Rl 0 00430 F 04471 T 11 25 

000 15 1 ,:. 
~. fU D 0 00470 F 04511 T 11 28 

000 15 13 1<: 1 0 0047E. F 04517 T 11 29 
000 15 13 Rl D O. 00518 F 04558 T 11 32 
000 15 1':' Rl 0 00525 F 04565 T 11 3:3 

~. 

Cp 012 15 13 R1 0 00837 F 04875 T 12 00 
TA 005 15 1':;' . ..,) Rl 0 00908 F 04944 T 12 53 
Cp 013 15 13 Rl 0 01130 F 05160 T 13 23 
Cp 014 15 13 Rl 0 01352 F 05:=:79 T 1'-' ,:) 52 
CP 015 15 13 Rl 0 01584 F 05609 T 14 12 
Cp 016 15 13 Rl 0 01822 F 05846 T 14 31 
TA OOE. 15 13 Rl 0 01973 F 05995 T 14 45 
CP 017 15 13 Rl 0 02476 F 06492 T 15 26 
Cp 018 15 13 R1 0 025:34 F 06551 T 15 40 

'i 000 12 OE. R1 0 02662 F 06675 T 15 52 
Do 004 12 06 R1 0 02784 F 06796 T 16 OE. 
DC 004 12 OE. R1 0 02786 F 0E.798 T lE. 42 
TD 004 12 06 1': 1 0 02811 F 06823 T 16 49 

000 12 OE. Rl D 0 02840 F 06852 T lE. 52 

4-63 



.L FRUt1P.LDA 1//71 C./~ , " 

.ST 14156 ... , .. 
~:UN 036 SAMPLE RATE 00.5 YEAR 77 t10NTH 01 DAY 16 HOUR 15 t1IN 50 

FIFTH WHEEL FEET/PULSE 0002 OllDt1ETER FEET/PULSE 0002 
TA 001 00 00 Rl 0 00009 F 00010 T 00 13 
TA 002 00 00 Rl 0 00071 F 00071 T 00 22 

000 17 13 Rl 0 00120 F 00118 T 00 29 
000 17 13 Rl D 0 00129 F 00127 T 00 30 

CP 001 17 13 Rl 0 00134 F 00132 T 00 30 
TD 001 17 13 Rl [] 00220 F 00218 T 00 39 

000 17 13 Rl D 0 00255 F 00252 T 00 42 
000 17 13 Rl 0 00260 F 00257 T 00 43 
000 17 13 Rl D 0 00~:16 F 00313 T 00 48 
000 17 13 Rl [] 00322 F 00319 T 00 48 

TA 003 17 13 Rl 0 00473 F 00470 T 01 35 
CP 002 17 13 Rl 0 00764 F 00756 T 02 26 
Cp 003 17 13 Rl 0 01145 F 01134 T 03 01 

000 14 06 Rl 0 01742 F 01728 T 04 45 
000 14 06 R1 D 0 01748 F 01734 T 04 45 
000 14 06 Rl 0 01754 F 01739 T 04 46 

Cp 004 14 06 Rl D 0 01771 F 01756 T 04 47 
000 14 06 Rl 0 01776 F 01762 T 04 48 

DO 002 14 06 Rl [] 01885 F 018E,9 T 05 00 
ric 002 14 06 Rl 0 01891 F 01875 T 05 07 ~ 

TD 002 14 06 Rl 0 01911 F 01896 T 05 11 
000 14 06 Rl D [] 01921 F 01906 T 05 13 
000 14 06 Rl 0 01923 F 0'1908 T 05 14 

TA 004 14 06 Rl 0 01926 F 01911 T 05 14 "-

000 14 06 Rl D 0 01939 F 01925 T 05 17 
000 14 06 Rl 0 01943 F 01929 T 05 17 
000 14 06 Rl D 0 01969 F 01955 T 05 20 
000 14 06 Rl 0 01975 F 01960 T 05 21 

CP 005 14 06 Rl [] 02172 F 02156 T 05 38 
Cp 006 14 06 Rl 0 02405 F 02388 T 05 58 
CP 007 14 06 ~:1 0 02615 F 02597 T 06 47 

000 10 06 R2 N 0 02617 F 02599 T 06 47 
Cp 008 10 06 R2 N 0 02900 F 02881 T 07 15 
CP 009 10 06 R2 N 0 03558 F 03535 T 08 54 
CP 010 10 06 R2 N 0 03898 F 03872 T 09 59 
CP 011 10 06 R2 N [] 00026 F 04093 T 10 20 

000 15 13 R1 [] 00310 F 04376 T 10 43 
000 15 13 R1 D 0 00372 F 04437 T 10 49 
000 15 13 Rl [] 00376 F 04441 T 10 49 

... 

TD 003 15 13 Rl 0 00439 F 04503 T 11 08 
000 15 13 Rl D 0 (10527 F 04588 T 11 15 
(100 15 13 Rl 0 005'34 F 04596 T 11 16 

CP 012 15 13 Rl 0 00842 F 049(10 T 11 43 
TA (105 15 13 R1 0 00917 F 04972 T 11 57 
CP 013 15 13 R1 0 01134 F 05188 T 13 22 
CP 014 15 13 F~l 0 01360 F 05410 T 13 54 
Cp 015 15 13 R1 0 01585 F 05634 T 14 12 
Cp 016 15 13 Rl 0 01809 F 05853 T 14 29 
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p.~ 0 
S:T 14156 ' " 

,. RUN 037 SAt1PLE RATE 00.5 YEAR 77 t10tiTH 01 DAY 16 HOUR 17 tlIN 15 I '" 

FIFTH WHEEL FEET/PULSE 0002 ODOt1ETER FEET/PULSE 0002 
TA 001 00 00 Rl 0 00005 F 00006 T 00 OE. ,., TA 002 00 00 R1 0 00075 F 00076 T 00 17 

000 17 13 R1 0 00123 F 00122 T 00 23 
000 17 13 Rl D 0 00131 F 00129 T 00 24 

CP 001 17 13 Rl 0 00135 F 00133 T 00 25 
000 17 13 R1 D 0 00147 F 00146 T 00 27 
000 17 13 Rl 0 00151 F 00149 T 00 27 

TD 001 17 13 Rl 0 00219 F 00217 T 00 39 
000 17 13 R1 D 0 00258 F 00256 T O~ 43 
000 17 13 Rl 0 00.263 F 00261 T 00 43 
000 17 13 Rl D 0 00274 F 00271 T 00 44 
000 17 13 Rl 0 00279 F 00276 T 00 45 
000 17 13 Rl D 0 00333 F 00330 T 00 50 
000 17' 13 Rl 0 00338 F 00335 T 00 50 

TA 003 17 13 Rl 0 00478 F 00476 T 01 40 
Cp 002 17 13 R1 0 00770 F 00765 T 02 29 
CP 003 17 13 Rl 0 01143 F 01134 T 03 10 ~ 
DC 007 00 68 Rl '0 02135 F 22930 T 03 50<.-~ 

000 17 13 R1 0 01583 F 01571 T 04 08 
000 14 06 Rl 0 01743 F 01730 T 05 07 

• 000 14 06 Rl D 0 01749 F 01736 T 05 07 
000 14 06 Rl 0 01755 F 01742 T 05 08 

CP 004 14 06 Rl D 0 01772 F 01759 T 05 09 
000 14 06 Rl 0 01778 F 01765 T 05 10 

DO 002 14 06 Rl 0 01894 F 01880 T 05 24 
4 DC 002 14 06 Rl 0 01896 F 01882 T 05 29 

000 14 06 Rl D 0 018'~7 F 01884 T 05 29 
000 14 06 Rl 0 01899 F 01885 T 05 30 

TD 002 14 06 R1 0 01910 F 0189'(' T 05 32 
000 14 06 RI D 0 01919 F 01908 T 05 34 
000 14 OtS Rl 0 01922 F 01910 T 05 35 

TA 004 14 06 Rl 0 01941 F 01930 T 05 38 
Cp 005 14 06 R1 0 02172 F 02155 T 05 58 
Cp 006 14 06 Rl 0 02395 F 02377 T 06 19 
Cp 007 14 06 Rl 0 02610 F 02590 T 07 12 
Cp 008 14 otS f': 1 0 02894 F 02873 T 08- 27 

000 14 08 R3 W 0 03377 F 03353 T 09 58 
Cp 009 14 08 R3 t..1 0 03556 F 03531 T 10 15 
CP 010 14 08 R3 t..1 0 03894 F 03868 T 10 45 
C:P 011 14 08 R3 t..1 0 00021 - F 04091 T 11 03 

000 15 13 R1 0 00311 F 04379 T 11 48 
000 15 13 Rl D 0 00327 F 04395 T 11 49 
000 15 13 Rl 0 00333 F 04400 T 11 50 . 

DO 003 15 13 Rl 0 00409 F 04476 T 12 03 
DC 003 15 13 Rl 0 00409 F 04476 T 12 30 
TD 003 15 13 Rl 0 00428 F 04494 T 12 38 

000 15 13 R1 D 0 0(1522 F 04586 T 12 46 

000 15 13 R1 0 00529 F 04593 T 12 46 
CP 012 15 13 R1 0 00839 F 04901 T 13 14 
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· " 

• L FF.:Ut1P. LDA 

t10Nt.(;Z16 ~~(~ ... .ST 14156 

RUN 038 SFH1PLE RATE 00.5 YEAR 77 
'<Ii 

FIFTH I.~IHEEL FEET/PULSE 0002 OD0I1ETER FEET/PULSE 0002 
TA 001 00 00 R1 0 00007 F 00008 T 00 15 
TA 002 00 00 R1 0 00079 F 00079 T 00 27 ft.' 000 17 13 R1 0 (1)123 F 00121 T 00 33 

000 17, 13 Rl D 0 00137 F 00134- T 00 35 
CP 001 17 13 Rl 0 00141 F 00139 T 00 35 
TD 001 17 13 Rl 0 00228 F 00224 T 00 44 

000 17 13 R1 D 0 00261 F 00258 T 00 47 
000 17 13 Rl 0 00267 F 00264 T 00 47 

TA 003 17 13 Rl 0 00471 F 00467 T 01 25 
CP 002 17 13 Rl 0 (1)767 F 00760 T 02 15 
C:P 003 lZ 1:.:1 F.: 1 [) 01145 F 01133 T 02 49 

000 14 06 R1 0 01767 F 01750 T O:.:l 43 
CP 004 14 06 Rl D 0 01778 F 017E.l T 03 44 

000 14 06 RI 0 01784 F 01766 T 03 45 
000 14 06 R1 D 0 01910 F 01891 T 03 58 

TD 002 14 06 Rl 0 01913 F 01894 T 03 58 
TA 004 14 06 ij~l D 0 01924 F 01906 T 04 01 

000 14 06 t~l 0 01927 F 01909 T 04 01 
Cp 005 14 06 Rl 0 02176 F 02157 T 05 11 
Cp 006 14 06 Rl 0 02403 F 02383 T 05 47 
CP 007 14 06 Rl 0 02617 F 02596 T 06 27 
CP 008 14 06 Rl 0 02:=:9·6 F 02873 T 06 51 

000 14 08 R3 til 0 1):3390 F 0:3365 T 07 36 
CP 009 14 08 F.: 3 l,1 0 03561) F 03533 T 08 2t,J ;).X 
CP 010 14 08 R3 W 0 03901 F 03872 T 08 53 
CP 011 14 08 R3 1.11 ' 0 00023 F 041)89 T 09 11 

000 15 13 Rl 0 00315 F 04379 T 09 36 
000 15 13 R1 D 0 00374 F 04437 T 09 44 
000 15 13 Rl 0 00376 F 04440 T 09 44 

DO 003 15 13 RI '0 00415 F 04479 T 09 55 
DC 003 15 13 Rl 0 00415 F 04479 T 10 01 
TD 00:3 15 13 Rl 0 00440 F 04503 T 1'0 07 

000 ~. 5 13 Rl D 0 00453 F ,04516 T 10 08 
000 15 13 Rl 0 00457 F 04520 T 10 09 
000 15 13 Rl D 0 00472 F 04535 T 10 10 
000 15 13 Rl 0 00478 F 04540 T'10 11 

~ 

000 15 13 Rl D 0 00512 F 04574 T 10 14 
000 15 13 Rl [} 00518 F 04580 T 10 14 

CP 012 15 13 Rl 0 00845 F 04906 T 10 45 
TA 005 1"'" 13 R1 0 00916 F 04975 T 10 54 '-' CP 013 15 13 Rl 0 01131 F 05187 T 12 02 "" 
Cp, 014 15 13 R1 0 01363 F 05418 T 12 36 
Cp Oi5 15 18 R1 0 01591 F 05643 T 12 57 
Cp 016' 15 13 Rl 0 01814 F 05866 T 13 15 
TA 006 15 13 Rl 0 01987 F 06035 T 13 34 
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. '. 
' . 

. ;j;?/77 .L FRUt·lP. LDA 

8,~ • 
, '. 

• :S:T 1415E . 

RUN 0~'::9 S:At1PLE I<:ATE 00.5 ·· .. ·EAR 77 t'1DNTH 01 DAY 17 HOUR 10 MIN 15 

,"' 
FIFTH t .•. IHEEL FEET /F'ULS:E 0002 ODDt'lETER FEET/PULSE 0002 

000 00 00 PI D 0 00000 F 00000 T 00 00 
000 00 00 1<: 1 0 00000 F 00000 T 00 01 

TA 001 00 00 ~:1 0 00006 F 00006 T 00 23 
TA 002 00 00 F.: 1 0 00076 F 00075 T 00 34 
CP 001 00 . 00 ~:1 0 00140 F 00137 T 00 4':0 '.;.0 

000 17 1'-' .,;:> Rl 0 00149 F 00147 T 00 44 
TD 001 17 13 Rl 0 0022:3 F 00220 T 00 54 

000 17 1~' .,;:> F.: 1 D 0 00261 F 00258 T 00 58 
000 17 13 Rl 0 00268 F 00264 T 00 58 
000 17 1':0 .,J Rl D 0 00::::20 F 00316 T 01 02 
000 17 1'-' ~. F.: 1 0 OlJ326 F (1):323 T 01 03 

TA 003 17 13 Rl 0 0047:':: F 00470 T 01 45 
CP 002 17 1'-' .::;. ~:1 0 00763 F 00759 T 02 32 
CP 003 17 1':0 ~. 1<:1 0 01144 F 01137 T 03 06 

000 14 06 fU 0 01761 F 01749 T 04 00 
CF' 004 14 06 F.: 1 D 0 01773 F 01761 T 04 01 

000 14 06 Rl 0 01778 F 01766 T 04 02 
DO 002 14 06 F.: 1 0 01885 F 01871 T 04 13 
DC 002 14 06 Rl 0 01892 F 01879 T 04 22 
TD 002 14 06 Rl 0 01'308 F 01895 T 04 27 

000 14 06 Rl D 0 01919 F 01907 T 04 29 
TA 004 14 06 ~:1 0 01922 F 01910 T 04 29 
CP 005 14 06 Rl 0 02176 F 02164 T 05 35 
Cp 006 14 06 Rl 0 02'3-39 F 02~::::6 T 05 59 
CP 007 14 06 ~:1 0 02612 F Oe'596 T 06 57 
CP 008 14 06 ~:1 0 02895 F 02879 T 07 24 

000 14 08 J;:''-' .. c. t.J 0 O~::383 F 03~:62 T 08 45 
CP 009 14 08 R2 1 ... 1 0 0::::553 F 03531 T 09 03 
CF' 010 14 08 R-=' ttl 0 0::::892 F 03869 T 09 31 

.L.. 

CF' 1)11 14 08 ~ .. -. I.tl 0 00020 F 04092 T 10 26 .. c. 

000 15 1 p. R~ 0 00302 F 04371 T 10 54 .::;. 

000 15 1'-' Rl D 0 00306 F 04:376 T 10 55 .::;. 

000 15 13 Rl 0 01)311 F 04:380 T 10 55 

000 15 13 Rl D 0 00330 F 04399 T 10 58 

000 15 13 Rl 0 00333 F 04402 T 10 58 

000 15 1 --. R1 D 0 00347 F 04417 T 11 02 • ,;:> 

". 000 15 13 Rl 0 00:349 F 04418 T 11 02 
DO 003 15 13 R1 0 00353 F 04421 T 11 05 
DC 003 15 13 Rl 0 00358 F 04427 T 11 20 

Tn 00::': 15 13 Rl 0 00403 F 04472 T 11 31 

000 15 1~' ~:1 D (] 00470 F (14538 T 11 38. 
.~I 

000 15 13 R1 0 00476 F 04544 T 11 38 
000 15 13 R1 D 0 00509 F (14577 T 11 41 . 

000 15 13 F.: 1 0 00516 F 04583 T 11 41 

CP 012 15 1 ~. ~:1 0 0084-1- F 04906 T 12 1..3 .::;. 

TA 005 15 1'-' R1 0 00915 F 04978 T 12 21 .:.,. ,- ..-. --
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.:n 14156 .. 
F.: Uti 040 SAt1PLE f':ATE 00.5 'r'EAR 77 t10NTH 01 DAY 17 HOUR 12 t1Hl 15 

FIFTH IJJHEEL FEET/PULSE 0002 olioMETER FEET/PULSE 0002 pJj/; TA 001 00 00 R1 0 00004 F 00004 T 00 06 
TA 002 00 00 R1 0 00073 F 00073 T 00 16 .. 

000 17 13 R1 0 00130 F 00128 T 00 23 
"000 17 13 R1 D 0 00135 F 00133 T 00 23 

ff.~ CP 001 17 13 Rl 0 00139 F 00137 T 00 24 
TD 001 17 13 Rl 0 00215 F 00213 T 00 31 

000 17 13 Rl 
.. 

D 0 00252 F 00249 T 00 35 
000 17 13 Rl 0 00256 F 00254 T 00 35 
000 17 13 Rl D 0 00266 F 00263 T 00 36 
000 17 13 Ri 0 00271 F 00268 T 00 37 
000 17 13 R1 II 0 00275 F 00272 T 00 37 
000 17 13 R1 0 00280 F 00277 T 00 38 
000 17 13 R1 D 0 00322 F 00319 T 00 42· 
000 17 13 Rl 0 00327 F 00324 T 00 42 

TA 003 17 13 Rl 0 00472 F 00470 T 01 17 
CP 002 17 13 Rl 0 00763 F 00760 T 02 07 
r'p .... 003 17 13 R1 0 01140 F 01136 T 02 39 

000 14 06 Rl 0 01753 F 01746 T 04 22 
000 14 06 R1 D 0 01765 F 01757 T 04 23 

CP 004 14 OE. R1 0 01771 F 01763 T 04 24 
DO 002 14 OE. Rl 0 01870 F 01862 T 04 35 
DC 002 14 OE. Rl 0 01870 F 01862 T 04 46 
TD 002 14 06 Rl 0 01901 F 01893 T 04 52 

000 14 06 R1 D 0 01913 F 01905 T 04 54 
TA 004 14 06 Rl 0 01915 F 01908 T 04 54 
CP 005 14 06 R1 0 02166 F 02158 T 05 18 .. 
CP 006 14 OE. Rl 0 02396 F 02388 T 05 38 
CP 007 14 06 Rl 0 02605 F 02596 T 06 30' 
CP 008 14 06 R1 0 02887 F 02877 T 06 58 

000 14 06 ~:2 E 0 03370 F 03358 T 08 20 .' Cp 009 14 06 R2 E 0 0:3547 F 03535 T 09 19 
CP 010 14 06 R2 E 0 03890 F 03875 T 09 55 
CP 011 14 06 R2 E 0 00010 F 04090 T 10 17 

000 15 13 R1 0 00293 F 04373 T 11 16 
000 15 13 Rl II 0 00319 F 04399 T 11 18 
000 15 13 Rl 0 00324 F 04404 T 11 19 

no 003 15 13 Rl 0 00355 F 04434 T 11 32 
DC 003 15 13 Rl 0 00:355 F 04434 T 11 47 
TD 003 15 13 R1 0 00423 F 04502 T 11 58 

000 15 13 Rl D 0 00500 F 04578 T 12 04 
000 15 13 Rl 0 0050.6 F 04085 T 12 05 

CP 012 15 13 Rl 0 00828 F 04906 T 12 42 
TA 005 15 13 Rl 0 00903 F 04979 T 12 52 
CP 013 15 13 Rl 0 01123 F 05197 T 13 31 

" CP 014 15 13 R1 0 01346 F 054i9 T 13 51 
CP 015 15 13 Rl 0 01574 F 05645 T 14 47 
CP 016 15 13 R1 0 01802 F 05872 T 15 13 
TA 006 15 13 Rl 0 019E,2 F 06031 T 15 33 
CP '017 15 13 -Rl 0 02479 F 06543 T 16 14 
CP 018 15 13 Rl 0 02533 F 06597 T 16 27 

000 12 06 Rl 0 02663 F 0672E. T 16 39 
000 12 06 Rl D 0 02669 F 06732 T 16 40 
000 12 06 R1 0 02674 F 06737 T 16 40 
000 12 06 Rl D 0 02695 F 06758 T 16 42 

4-68 

l 



";' 

'''' ell: 

.ST 1444 

.L FF.:UMP. LDA /ft/;? >?~ .. • S:T 14156 

RUN 041 SAt'lPLE RATE 00.5 '(EAR 77 t10NTH 01 DAY 17 HOUR -15 MIN 35 

FIFTH l.tIHEEL FEET/PULSE 0002 ODDt1ETER FEET/PULSE 0002 
000 00 00 R1 D 0 00000 F 00000 T 00 00 
000 00 00 R1 0 001)00 F 00000 T 00 01 

TA 001 00 00 Rl 0 00007 F 00008 T 00 12 
TA 002 00 00 Rl 0 00075 F 00076 T 00 21 

000 17 13 Rl 0 00109 F 00107 T 00 26 
000 17 13 Rl D 0 00112 F 00111 T 00 26 
000 17 13 Rl 0 00116 F 0011'5 T 00 27 

CP 001 17 13 Rl 0 00132 F 00130 T 00 29 
000 17 13 Rl D 0 00136 F 00134 T 00 29 
000 17 13 Rl 0 00140 F 00139 T 00 30 

DO 001 17 13 R1 0 00185 F 00183 T 00 38 
DC ~)01 17 13 Rl 0 00187 F 00185 T 00 43 
TD 001 17 13 R1 0 00221 F 00219 T 00 48 

000 17 13 Rl D 0 00263 F 00260 T 00 52 
000 17 13 Rl 0 00269 F 002E,6 T 00 53 
000 17 13 R1 D 0 00315 F 00313 T 00 56 
000 17 13 i<l 0 00323 F 00320 .. :y- 00 57 

TA 003 17 13 R1 0 00475 F 00473 T 01 10 
CP (102 17 13 Rl 0 00768 F 00764 T 01 45 
CP 003 17-· - 13 R1 0 01137 F 01130 T 02 17 

000 14 06 R1 0 01742 F 01732 T 03 09 
000 14 06 Rl D 0 01744 F 01733 T 03 10 
000 14 06 R1 0 01745 F 01735 T 03 10 
000 14 06 Rl D 0 01750 F 01739 T 03 12 
000 14 06 R1 0 01751 F 01741 T 03 12 

000 14 06 FU D 0 01771 F 01761 T 03 23 

000 14 06 R1 0 01773 F 01763 T 03 24 
CP 004 14 06 R1 0 01775 F 01765 T 03 24 

Do 002 14 06 R1 0 01':;'02 F 01891 T 03 48 

DC 002 14 06 R1 0 01902 F 01891 T 04 10 

TD 002 14 06 R1 0 01910 F 01899 T 04 14 

000 14 06 R1 D 0 01920 F 01911 T 04 16 

000 14 06 R1 0 01923 F 01914 T 04. 16 
TA 004 14 06 Rl 0 01927 F 019~8 T 04 17 
CP 005 14 06 R1 0 02175 F 02165 T 04 49 
CP 006 14 06 R1 0 02404 F 02393 T 05 09 
CP 007 14 06 R1 0 02612 F 02600 T 06 00 

... CP 008 14 06 Rl 0 02896 F 02883 T 07 07 

000 l4 08 R3 I.~ 0 03385 F 03371 T 07 59 
CP 009 14 08 R3 "' 0 03553 F 03539 T 08 47 

C:P 010 14 08 R3 W 0 03898 F 03882 T 09 ·15 
Cp 011 ·14 08 R3 "' 0 00021 F 04099 T 09 31 

000 15 13 Rl 0 00298 F 04377 T 10 39 

000 15 13 Rl D 0 00330 F 04408 T 10 41 

000 15 13 R1 0 OO~36 F 04414 T 10 42 

000 15 13 Rl D 0 00347 F 04425 T 10 43 
.... nn ''''' 1':1 R1 IJ 00353 F 04430 T 10 43 
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.::T 1-l15:, 

RU~ 042 S~~?~E RATE 00.5 YSAR 77 ~~NTH 01 D~Y 17 HJ~R 19 ~I~ 55 

?IFTH ~HSEL ~EET/?~~SE 0002 
000 00 00 Rl D 
000 00 00 Rl 

T~ 001 00 00 Rl 
T~ 002 00 00 xl 

000 17 13 Rl 
SP 001 17 13 Rl 

000 17 13 Rl D 
000 17 13 Rl 

TD 001 17 13 Rl 
000 17 13 Rl D 
000 17 13 Rl 
000 17 13 Rl D 
000 17 13 Rl 

T~ 003 17 13 Rl 
S? 002 17 13 Rl 
SP 003 17 13 Rl 

000 14 OS Rl 
000 14 06 Rl D 

S? 004 14 OS Rl 
TD 002 14 05 Rl 

000 14 06 Rl ~ 
TR 004 14 05 Rl 
SP 005 14 OS Rl 
SP 005 14 OS Rl 
SP 007 14 OS Rl 
SP 009 14 06 Rl 
SP 009 14 06 Rl 
C? 010 14 OS Rl 
SP ~11 14 OS Rl 

UOO 15 13 Rl 
D~ 003 15 13 Rl 
DS 003 15 13 Rl 
TD 003 15 13 Rl 

000 15 13 Rl D 
000 15 13 Rl 
000 15 13 Rl D 
000 15 13 Rl 

CP 012 15 13 Rl 
TA 005 15 13 Rl 
SP 013 15 13 Rl 
SP 014 15 13 Rl 
CP 015 15 13 Rl 
CP 015 15 13 Rl 
TR 005 15 13 Rl 
SP 017 15 13 Rl 
C? 018 15 13 Rl 

000 12 06 Rl 
D~ 004 12 OS Rl 
DS 004 12 06 Rl 
TD 004 12 OS Rl 

000 12 OS Rl D 
000 1.2 OS ::<:1 

SP 019 12 OS Rl 
T~ 007 12 06 Rl 
C? 020 12 06 Rl 

:JD~~1STER 
~ 00000 
~ 00000 
~ 00012 
:J 00075 
~ 00131 
:J 00135 
~ 00140 
:J 00144 
~ 0021'3 
:J 00251 
~ 00257 
~ 00327 
~ OCI3'34 
~ 00471 
~ 00758 
!J 01142 
J 01751 
~ 01755 
~ 01771 
~ 01905 
~ 0191~3 

~ 01921 
J 02157 
~ 0239:3 
~ 02505 
~ 029'30 
,~ 03547 
~ 03'~:'30 
~ 00012 
o 00294-
~ 00399 
J 0039'3 
~ 00425 
~ 0045'3 
~ 004'55 
~ 00515 
~ 00523 
~ 00928 
~ 00903 
~ 01120 
~ 01346 
~ 0156'3 
~ 01794 
8 01953 
~ 02469 
~ 02525 
J 02557 
~ 02779 
~ 027'33 
~ 02790 
J 02'316 
~ 02'320 
!J 03241 
o 03315 
:J 03'3'33 
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FEET /?'J:' . .s:E 
'= 00000 T 
'= 00000 T 
F 00013 T 
F 00076 T 
F 00129 T 
:= 00134 T 
F 00138 T 
F 00143 T 
F 00217 T 
F 00259 T 
- 00265 T 

0002 
00 00 
00 01 
00 10 
00 19 
00 2S 
00 27 
00 27 
00 28 
00 34 
00 3'3 
00 3:3 

F 00325 
:= 00332 
F 004~,9 

:= 00756 
:= 011'37 
:= 01754 
:= 01758 
F 017'54 
:= 01'397 
'= 01911 
F 01914 
F 02150 
F 02391 
F 0259'3 
:= 02882 
F 03537 
F 03~378 
:= 04097 
:= 04377 
:= 0:.1:482 
:= 04482 
F 04509 
:= 04540 
F 04547 
F 045'37 
:= 04'504 
'= 04909 
:= 04'383 
~ 051'37 
'= 05422 
F 05544 
;- 05'369 
F 06036 
F 0'5539 
:= 0'5595 
!= 0:5725 
;- 05'347 
:= 0;~351 
:= 0'=,-359 
F 05'3'35 
:= 0-=':3'38 
r 0730·3 
F 07382' 
:= 03048 

T 00 4'::
T 00 44 
T 01 11 
T 02 02 
T 02 33 
T 03 31 
T 03 32 
T 03 32 
T 03 47 
T 03 50 
T 03 50 
T 05 01 
T 05 22 
T 05 3'3 
T 06 37 
T 0'3 14 
T 08 52 
T 09 03 
T 10 11 
T 10 24 
T 10 35 
T 10 44 
T 10 47 
T 10 47 
T 10 51 
T 10 51 
T 11 22 
T 11 32 
T 11 57 
T 12 28 

'T 12 46 
T 13 03 
T 13 18 
T 13 5S 
T 14 05 
T 14 19 
T 14 31 
T 14 3'? 
T 14 41 
T 14 45 
T 14 45 
T 15 18 
T 15 27 
T 17 21 

... 

'. 



.,. • ~:T 141 55 

~I~TH WHEEL ~EET/PULSE 0002 
000 00 00 Rl D 
000 00 00 Rl 

TR 001 00 00 Rl 
T8 002 00 00 Rl 

000 17 13 R1 
000 

':;P 001 
TIl 001 

000 
000 
000 
000 

TR 003 
'::P 002 
(:2 003 

000 
:::P 004-

00t) 
000 
000 

TD 002 
000 

T::' 004 
C:P 005 
':;p 0 OS 
-:::p 007 
:::p OO~3 

000 
:::p 00';" 
'::p 010 
:::p 011 

TD 003 
000 
000 
000 
000 

SP 012 
T:=t 005 
'::2 013 
SF' 014 
'::p 015 
'::p 01 S 
T:=t 0 OS 
~::p 017 
C:P 019 

000 
000 
000 
000 

17 
17 
17 
17 
17 
17 
17 
17 
17 
17 
14 
14 
14 
14 
14-
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
15 
12 
12 
12 
12 

13 
13 
13 
13 
13 
1 :a 
13 
13 
13 
OS 
OS 
OS 
OS 
OS 
OS 
OS 
OS 
OS 
OS 
0'5 
OS 
OS 
0'3 
0'3 
08 
13 
1:3 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
OS 
0·; 
OS 
os 

xl D 
Rl 
Rl 

Rl 
5U D 
::<1 
Rl 
Rl 
Rl 
Rl 
Rl D 
Rl 
;';:1 D 
Rl 
Rl 

:'<:1 
~:1 

Rl 
~:2 ~, 

R2 tIl 
1':2 W 
R2 t..1 
Rl 

Rl 

Rl 
Rl 
Rl 
:~1 
Rl 
::<1 
Rl 
Rl 
Rl 
Rl 
Rl 

Rl 

:JD!]~'1ETER 
!] 00000 
!] 00000 
o (10007 
!] 00075 
o 00121 
::::J 00125 
:::J 00132 
!] 00217 
:::J 0025:3 
:::J 00254 
!] 00325 
J 00332 
o (10471 
!] ;)0752 
!] 01137 
::::J 0175'5 
J 01768 
!] 01773 
!J 01'304 
!] 01'307 
::::J 01'30'3 
!] 01917 
:::J 01'320 
:::J o2is5 
!] 023'32 
:J 02S04-
:::J 02'38'3 
!J (1.3373 
!] 03548 
!] 0:::'=:35 
:::J 00015 
o 1)1)2'35 
o 00422 
:::r (10451 
o 004;57 
:::J 00497 
!] (10503 
o 01B30 
:::J 00'302 
!] 01127 
:::J 01351 
:::J 01576 
:::J 01'=:OD 
:::J 01'353 
J :)2467 
::::J 02530 
!] 02S:52 
::::J 0256'3 
o 02575 
::::J 02712 
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FEET/PULSE 0002 • 
F 00000 
F 00000 
!= 00007 
F 00074-
F 00119 
F 00124 
F (1)129 
!= 00214-
~ :)0255 
F 00251 
F 00323 
!= 00:::29 
!= (1)4';;:3 
F 00757 
!= 011'31 
F 01747 
:= 01758 
F 01754 
!= 01'394 
F 01897 
F 01900 
F 01909 
F 01911 
F 02155 

F 025'32 
:= 02~=:75 

:- O~::3S7 

F O~:532 
F (1'~:SS8 

F 04092 
F 04372 
F 044'37 
F 0453S 
F 04542 
!= 04571 
F 04577 
~ 04904 
~ 04974 
F 051'37 
F 05420 
F 05'545 
:= 05'358 
F 0502';.t 
:= (1652°3 
!= 065'31 
F 0";723 
F 06729 
F 05735 
F 05772 

T 00 0'0 
T 00 01 
T 00 09 
T 00 19 
T (to 23 
T 00 24 
T 00 24 
T 00 31 
T 00 35 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 

00 35 
00 4(1 
00 41 
01 1)9 

02 02 
02 44 
04 22 
04 23 
04 24 
04 39 
04 39 
04 40 
04 41 
04 42 
05 0~3 
05 59 
OS 28 
06 53 

T 07 47 
T 09 16 
T 09 46 
T 09 06 
T 10 14 
T 10 45 
T 10 48 
T 10 49 
T 1.0 51 
T 10 52 
T 11 26 
T 11 35 
T 12 56 
T 13 2G 
T 13 44 
T 14 00 
T 14 14 
T 14 5:3 
T 15 04-
T 15 18 
T 15 19 
T 15 19 
T 15 22 

, " 

, " 
:~I:i 30 



4.2 FIXED ROUTE DATA PROCESSING RESULTS 

4.2. 1 Location Subsystem (Checkpoint) and A VM System (Timepoint) Results 

This subsection contains a complete listing of the output of the FRLS 
program for the Fixed Route Run 27. The checkpoint and timepoint error frequency 
density and cumulative error distribution tabular outputs are presented for all 
other fixed route rWlS. Timepoint data were obtained during location subsystem 
processing as a programming convenience, however, timepoint performanc,p. is 
the same for both location subsystem and system level algorithms in the Hf 
system. Three location error sheets are provided for Runs 14 ,24,34,40, and 
43. The first' shows the result of running raw data through the FRLS program. 
The second sheet contains the manually computed results for those runs which 
contained tape read errors and the third sheet gives the overall error statistics 
for all checkpoints on that run. 
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FIXED ROUTE RUN #27 CHECKPOlNT ERRORS 

FIXED ROUTE RUN t 27 CHECKPOINT ERRORS 

cPt X(CP) Y(CP) SPt SEG. INCREM COMP X COMP Y ERROR 
l!' 

1 12431 4529 1 3 40. 12413. 4580. 54. 
2 12895 3792 1 4 559~ 12886. 3807. 18. 
3 13632 3698 1 4 1305. 13626. 3711~ 14. 
4 14904 3541 2 5 26. 14871. 3547. 34. 
5 15277 4035 2 6 449. 15263. 3934. 102. 
6 15334 '4441 2 6 905. 15326. 4385. 56. 
7 15383 4869 2 6 1321. 15384. 4797. 72. 
8 15475 5453 2 6 1895. 15463. 5366. 88~ 

9 15644 6,735. 2 6 3203. 15644. 6661. 74. 
10 15736 7421 2 6 3891. 15739. ·7342. 79. 
11 15809 7838 2 6 4335. 15801. 7782. 57. 
12 16042 9499 3 7 1086. 16035. 9460. 40. 
13 16512 9618 3 8 372. 16435. 9641. 80. 
14 16941 9578 3 8 810. 16872. 9607. 75. 
15 17368 9554 3 8 1274. 17334. 9571. 38. 

, 16 17811 9507 3 8 1718. 17777. 9536. 45. 
17 18095 8454 3 9 1009. 18112. 8501. 50. 
18 1.8109 8343 3 9 1117. 18112. 8393. 50. 
19 17929 6962 4 10 1170. 17926. 6915. 47. 

'20 16580 6988 4 11 1395. 16525. 6981. 56. 
21 15087 7167 4 11 2899. 15032. 7161. 56. 
22 14282 7260 4 11 3679. 14257. 7255. 25. 
23 13313 7718 5 13 551. 13339. 7715. 26. 
24 12500 8500 5 15 401. 12450. 8552. 72. 
25 11590 9350 5 15 1633. 11544. 9387. 58. 
26 12190 10181 6 18 943. 12170. 10196. 25. 
27 13151 10036 6 18 1895. 13114. 10072. 52. 
28 13130 9554 6 19 440. 13127. 9626. 72. 
29 13052 9039 6 19 974. 13045. 9099. 60. 
30 13699 7663 6 21 930. 13908. 7649. 110. 
31 15123 7495 7 22 1172. 15148. 7482. 28. 
32 15948 7393 7 22 2012. 15982. 7381. 36. 
33 16627 7326 7 22 2684. 16649. 7301. 33. 
34 17500 7204 7 22 3590. 17548. 7193. 50~ 

35 18345 7054 7 22 4488. 18440. 7085. 100. 
36 18300 5657 8 25 297. 18347. 5646. 49. 
37 17779 5728 8 25 865. 17784. 5719. 12. 
38 16908 5840 8 25 1719. 16937. 5826. 32. 
39 16427 5897 8 25 2221. 16439. 5889. 14. 
40 15645 6003 a 25 3009. 15658. 5989. 19. 
41 14638 6127 9 29 427. 14627. 6043. 85. 
42 14717 5780 9 30 248. 14842. 5763. 126. 

... 43 14816 5222 ? 31 632. 14811. 5131. 91. 
44 14055 5037 9 32 771. 14024. 5053. 35. 
45 13388 5138 9 32 1443. 13357. 5141. 31. 
46 12862 5200 9 32 2013. 12792. 5215. 71. 
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FIXED ROUTE RUN 41'27 CHECKPOINT ERRORS (CONT'D) 

.r 

CPt X(CP) Y(CP) SPt SEG. INCREM COMP X COMP Y ERROR 

47 11518 5369 10 33 810. 11543. 5386. 30. ;. 

48 10787 5472 10 33 1448. 10911. 5474. 124. 
49 10462 5513 10 33 1888. 10475. 5535. 26. 
50 9558 5647 10 33 2860. 9513. 5669. 50. 
51 8740 5757 10 3.3 3616. 8764. 5774. 29. 
52 8145 5840 10 33 4250. 8136. 5861. 23. 
~3 7537 6481 11 35 538. 7560. 6454. 35. 
54 7652 6971 11 35 1036. 7645. 6945. 27. 
~5 8320 6948 11 36 609. 8264. 6955. 57. 
56 9345 6825 11 36 1655. 9301. 6818. 45. 

*57 9894 6731 11 36 2211. 9852. 6745. 45. 
CT1:RUN027.001 

58 12136 644:4 12 37 1184. 12134. 6444. 2. 
59 12561 6405 12 37 1594. 12541. 6391. 25. 

\ 
60 13()99 6331 12 37 2164. 13106. 6316. 16. 
61 13452 6271 12 37 2504. 13443. 6272. 9. 
62 13455 5695 12 38 528·. 13494. 5733. 55. 
63 13388 5138 12 38 1088. 13421. 5178. 5!. ., 
64 13372 4812 12 3~1 1378. 13382. 4890. 79. 
65 1~)787 4668 12 39 367. 13721. 4656. 67. 
66 l'l242 4594 12 39 815. 14165. 4595. 77. 
67 1~3770 4381 13 40 1366. 15740. 4392. 32. 
68 16152 4347 13 40 1768. 16139. 4341. 14. 
69 17121 4202 13 40 2712. 17076. 4222. 50. 
70 17491 3736 13 41 410. 17495. 3756. 21. 
71 1.8691 3072 14 43 1294. 18713. 3068. 23. 
72 18782 3565 14 44 ·521. 18813. 3581. 35. 
73 18484 4477 14 45 448. 18469. 4489. 19. 
74 17621 4597 14 45 1344. 17579. 4593. 42. 
75 16706 4705 14 45 2228. 16701. 4696. 10. 
76 15624 4856 15 46 420. 15656. 4830. 42. .. 
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FlXED ROUTE RUN #27 CHECKPOlNT ERRORS (CONTID) 

ERr~OR FREQUENCY DENSITY 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 2.63 
10- 20 9 It.84 
20- 30 11 14.47 
30- 40 12 15.79 
40- 50 9 11.84 
50- 60 14 18.42 
60- 70 1 1.32 
70- 80 9 11.84 
80- 90 3 3.95 
90- 100 2 2.63 

100- 110 2 2.63 
120- 130 2 2.63 

CUMULATIVE ERRORS 

ERrWR :J: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 2 2.63 
20 11 14.47 
30 22 28.95 
40 34 44.74 
50 43 56.58 
60 57 75.00 
70 58 76.32 
80 67 88.16 
90 70 92~11 

100 72 94.74 
110 74 97.37 
120 74 97.37 
130 76 100.00 

AVERAGE ERROR = 48.10 
~. STANDARD DEVIATION = 27.26 

ELAPSED TIME = 80: 0 
ELAPSED DISTANCE = 68512. <5TH WHEEL) 
ELAPSED DISTAN8E = 68650. (ODOMETER ) 

-'t 
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FIXED ROUTE LS RUN 11 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN lla 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 2.63 
10- 20 8 10.53 
20- 30 15 19.74 
30- 40 6 7.89 
40- 50 11 14.47 
50- 60 4 5.26 
60- 70 9 11.84 
70- 80 9 11.84 
80- 90 6 7.89 
90- 100 2 2.63 

100- 110 2 2.63 
120- 130 2 2.63 

~ 

CUMULATIVE ERRORS RUN'l1a \ • 

ERROR :fi: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 2 2.63 
20 10 13.16 
30 25 32.89 
40 31 40~79 
50 42 55.26 
60 46 60 .. 53 
70 55 72.37 
80 64 84.21 

, 90 70 92.11 
100 72 94.74 ,< 

110 7·4 97.37 
120 74 97.37 
130 76 100.00 
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FIXED ROUTE LS RUN 11 

TIMEPOlNT E:aROR IN S~CONDS 

ERROR FREQUENCY 'DENSITY RUN lIb 

ERROR NO. OF 
INTERVAL SAMPLES 

0- 1 
1- 2 
2- 3 
3- 4 
5- 6 

10- 11 
23- 24 

2 
5 
2 
1 
3 
3, 
1 

CUMULATIVE ERRORS :aUN llb ! 

PERCENT OF 
SAMPLE;S 

13.33 
33.33 
13.33 
6.67 

20.00 
6.67 
6.67 

ERROR NO. OF SAMPLES 
LT ERROR 

PERCENT OF SAMPLES 
LT ERROR 

1 2 
2 7 
3 9 
4 10 
5 10 
6 13 
"1 13 
8 13 
9 13 

10 13 
11 14 
24 " 15 
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13.33 
46.67 
60.00 
66.67 
66.67 
86.67 
86.67 
86.67 
86.67 
86.67 
93.33 

100.00 







EF:FWF.: 

FIXED ROUTE LS RUN 12 

toeA'TION ERnon IN FEET 

FF.:ECH.JENCY DENSJ,TY RUN 12a . 

Er-mOF.: NO. PEF.:CENT OF 
INTEF.:VAL St.l1PLES S(,,11F'LES 

0- 10 Q 2.63 
10- 20 6 7.89 
20 .... 30 .:1.5 19.74 
30- 40 6 7.89 
40- SCt 4 5.26 
50- 60 9 :Li.84 
60- 70 7 9.21 
70- 80 7 9.21 
80- 90 5 6.58 
90- 100 7 9.21 

100- 1:1.0 4 5.26 
110- 120 j. 1.32 
j.20- j.30 1 :1..32 
130- 140 1 1.32 
j 40 .... 150 :I. :L .32 

CUMULATIVE ERRORS R~N 12al 

ERROR :D: SAMPLES PERCENT SAMPLES 
LT ERROR LT EF\ROR 

10 2 2&63 
20 8 10.53 
30 23 30.26 
40 29 38.16 
50 33 43.42 
60 42 55.26 
70 49 64.47 
80 56 73.68 
90 61 80.26 

:1.00 68 89.47 
110 72 94.74 
120 73 96.05 
130 74 97.37 
140 75 98.68 
150 76 100.00 
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FIXED ROUTE LS RUN 12 

TIMEPOINT ERROR IN SECONDS 

EFmor< I::-RECWENCY DENSITY RUN 12b: 

EF~ROF< NO. OF PERCENT OF 
INTERVAL SA,-lPLES SAMPLES 

0-· 1 3 20.00 
1-' 2 1 6.67 
2- 3 5 33.33 
4- 5 2 13.33 
5- 6 1 6.67 
8- 9 1 6.67 

12- 13 l 6.67 
27- 28 1 6.67 

CUMUUHI')!:: EFmORS RUN 121>! 

Ef<ROF.: NO. OF SAMPL.ES PERCENT OF SAMPL.ES 
LT ErmOR LT ERROR 

:L 3 20.00 
2 4 26.67 
3 9 60.00 
4 9 60.00 
5 :L1 73.33 
6 12 80.00 
9 13 86.67 

13 14 93.33 
28 1"" ~l 100.00 

4-79 



FIXED ROUTE LS RUN 13 

LOCA TION ERROR IN FEET 

,. 
ERROr~ FREQUENCY DENSITY RUN 13a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 1 1.32 
10- 20 8 10.53 
20- 30 13 17.11 
30- 40 8 10.53 
40- 50 11 14.4777 
50- 60 7 9.21 
60- 70 6. 7.89 
70- 80 8 10.53 
80- 90 5 6.58 
90- 100 4 5.26 

100- 110 2 2.63 
110- 120 2 2.63 
140- 150 1 1.32 

CUMULATIVE ERRORS RUN 13a; 
" 

ERROR :J: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 1 1.32 
20 9 11.84 
30 22 28.95 
40 30 39.47 
50 41 53.95 
60 48 63.16 
70 54 71.05 
80 62 81.58 
90 67 88.16 

100 71 93.42 
110 73 96.05 
120 75 98.68 
130 75 98.68 
140 75 98.68 
150 76 100.00 
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FIXED IWUTE LS RUN 13 

TlME:POINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 13b i 
I 

ERF{OR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 3 20.00 
1- 2 2 13.33 
2- 3 3 20.00 
3- 4 1 6.67 
4- 5 2 13.33 
6- 7 1 6.67 

13 .... 14 1 6.67 
15- 16 1 6.67 
42- 43 1 6.67 

I 

CUMULATIVE ERRORS RUN l3b! 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

1 3 20.00 
2 5 33.33 
3 8 53.33 
4 9 60.00 
5 11 73.33 
6 11 73.33 
7 12 80.00 

14 13 86.67 
15 13 86.67 
16 14 93.33 
43 15 100.00 
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FIXED ROUTE LS RU N 14 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 14a I 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90- 100 

4 
7 
9 

100- 110 

11 
1 
5 
5 
5 
4 
1 
2 

CUMULATIVE ERRORS 

ERROR i SAMPLES 
LT ERROR 

10 4 
20 11 
30 20 
40 31 
50 32 
60 37 
70 42 
80 47 
90 51 

100 52 
110 54 
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7.41 
12.96 
16.67 
20.37 
1.85 
9.26 
9.26 
9.26 
7.41 
1.85 
3.70 

nUN 14a I 
PERCENT SAMPLES 

LT ERROR 

7.41 
20.37 
37~04 
57.41 
59.26 
68.52 
77.78 
87.04 
94.44 
96.30 

100.00 

.. 



MANUALLY PROCESSED FIXED ROUTE LS DATA, RUN 14 

FIXED ROUTE RUN# CHECKPOINT ERRORS 

CP# X(CP) Y(CP) SP# SEG. INCREM COMPX COMPY ERROR 

55 . 8320 6948 11 36 577 8232 6959 89 
56 9345 6825 11 36 1615 9261 6823 84 
57 9894 6731 11 36 2155 9796 6753 100 
58 12136 6444 12 37 1178 12128 6445 8 
59 12561 6405 12 37 1560 12507 6395 55 
60 13099 6331 12 37 2140 13082 6319 21 
61 13452 6271 12 37 2464 13403 6377 49 
62 13455 5695 12 38 486 13500 5774 91 
63 13388 5138 12 38 1046 13426 5219 89 
64 13372 4812 12 38 1338 13388 4930 119 
65 13787 4668 12 39 337 13691 4660 96 
66 14242 4594 12 39 781 ]4131 4559 116 
67 15770 4381 13 40 1368 15742 4392 30 
68 16152 4347 13 40 1770 16141 4341 13 
69 17121 4202 13 40 2702 17066 4224 59 
70 17491 3956 13 41 408 17495 3751 22 
71 18691 3072 14 43 1232 18651 3073 40 
72 18782 3565 14 44 459 18806 3520 51 
73 18484 4477 14 45 386 18531 4482 47 
74 17621 4597 14 45 1272 17650 4585 31 
75 16706 4705 14 45 2170 16758 4690 54 
76 15624 4856 15 46 430 15646 4831 33 

. 

, 
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LOCATION SUBSYSTEM ERROR STATISTICS, RUN 14 

ERROR FREQUENCY DENSITY RUN 14a " 
Error No. Percent of 

Interval Samples Samples 

0- 10 5 6.57 
10- 20 8 10.52 
20- 30 11 14.47 
30- 40 14 18.42 
40- 50 4 5.26 
50- 60 9 11.24, 
60- 70 5 6. fi'7 
70- 80 5 6.57 
80- 90 7 9.21 
90-100 3 ·:3.94 

100-110 3 3.94 
110-120 2 2.63 

CUMUIA TIVE ERRORS RUN 14a 

Error Samples Percent Samples 
LT Error LT Error 

\ 

10 5 6.57 
20 13 17.10 "-

30 24 31.57 
40 38 50.00 
50 42 55.26 
60. 51 67.10 
70 56 73.68 
80 61 80.26 
90 68 89.47 

100 '1.l 93.42 
110 74 97.36 
120 76 100.00 
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FIXED ROUTE LS RUN 14 

TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 14b 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 3 27.27 
2- 3 3 27.27 
3- -4 1 9.09 
4- 5 2 iEh18 
7- 8 1 9.09 
8- 9 1 9.09 

CUMULATIVE ERRORS RUN14b 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 

1 
2 
3 
4 
5 
6 
7 
a 
9 

LT ERROR LT ERROR 

3 
3 
6 
7 
9 
9 
9 

10 
11 
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27.27 
27.27 
54Q55 
63.64 
81.82 
81.'a2 
81.82 
90.91 

100.00 



FIXED ROUTE LS RUN 15 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 15a! 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 4 5.26 
10- 20 8 10.53 
20- 30 11 14.47 
30- 40 8 10.53 
40- 50 14 18.42 
50- 60 7 9.21 
60- 70 5 6.58 
70- 80 2 2.63 
80- 90 6 7.89 
90- 100 3 3.95 

100- 110 5 6.58 
110- 120 2 2.63 
140- 150 1 1.32 

CUMULATIVE ERRORS RUN 15aj 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 4 5.26 
20 12 15.79 
30 23 30.26 
40 31 40~79 
50 45 59.21 
60 52 68.42 
70 57 75.00 
80 59 77.63 
90 65 85.53 

100 68 89.47 
110 73 96.05 
120 75 98.68 
130 75 98.68 
140 75 98.68 
150 76 100.00 
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FIXED ROUTE LS RUN 15 

TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN I5b I , 

ERROR NO. OF PERCENT OF 
INTERVAL SAl-IPLES SAMPLES 

0- 1 3 20.00 
1- 2 2 13.33 
2- 3 1 6.67 
3- 4 5 33.33 
4- 5 2 13.33 
5- 6 1 6.67 
7- 8 1 6.67 

CUMULATIVE ERRORS RUN I5b/ 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

.... 1 3 20.00 
2 5 33.33 
3 6 40.00 
4 11 73.33 
5 13 86.67 
6 14 93.33 
7 14 93.33 
8 15 100.00 

'1' 
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FIXED ROUTE LS RUN 16 
~ 

LOCA TION ERROR IN F'EET 

ERROR FREQUENCY DENSITY RUN 16a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 3 3.95 
10- 20 12 15.79 
20- 30 12 15.79 
30- 40 3 3.95 
40- 50 11 14.47 
50- 60 10 13.16 
60- . 70 7 9.21 
70- 80 .. 5.26 
80- 90 8 10.53 
90- 100 2 2.63 

100- 110 3 .3.95 
110- 120 1 1.32 

"" CUMULATIVE ERRORS I 
RUN 16a. ; 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

' .. 
10 3 3.95 
20 15 19.74 
30 27 35.53 
40 30 39.47 
50 41 53.95 
60 51 67.11 
70 58 76.32 
80 62 81.58 
90 70 92.11 

100 72 94.74 
110 75 98.68 
120 76 100.00 

'" 
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., FIXED aOUTE LS RUN 16 

TIMEPOrnT ERROl{ IN SECONDS 

ERROR FREQUENCY DENS;£TY RUN 16b 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 1 6.67 
1- 2 4 26.67 
2- 3 2 13.33 
3- 4 2 13.33 
4- 5 1 6.67 
5- 6 1 6.67 
6- 7 1 6.67 
7- a 1 6.67 

lO- U 1 6.67 
14- 15 1 6.67 

CUMULATIVE ERRORS RUN 1Gb I 
ERROR NO. OF SAMPLES PERCENT OF SAMPLES 

LT ERROR LT ERROR 

1 1 6.67 
2 5 33.33 
3 7 46.67 
4 9 60.00 
5 10 66.67 
6 11 73.33 
7 12 eo.oo 
8 13 86.67 
9 13 86.67 

10 13 86.67 
11 14 93.33 
12 14 93.33 
13 14 93.33 
14 14 93.33 
15 15 100.00 
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FIXED ROUTE LS RUN 17 

LOCA nON ERROR IN FEET 

EF.:ROR FI:::EQUENCY DENSITY RUN 17a, 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 4 5.26 
10·- 20 6 7.89 
20- 30 17 22.37 
30- 40 11 14.47 
40- 50 6 7.89 
50- 60 3 3.95 
60- 70 5 6.58 
70- 80 4 5.26 
80- 90 10 13.16 
90- 100 6 7.89 

100- 110 2 2.63 
110- 120 2 2.63 

CUI1ULATIVE Er.:rWRS RUN 17a! 

EFmor.: :D: SAMPLES PEF\CENT SAMP!_ES 
LT Emwr.: LT Er.:ROr.: 

10 4 5.26 
20 10 13.16 
30 27 35.53 
40 38 50.00 
50 44 57.89 
60 47 61.84 
70 52 68.42 
80 56 73.c'18 
90 66 86.84 

100 72 94.74 
110 74 97.37 
120 76 100.00 
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FD<:ED ROUTE LS RUN 17 

TIMEPOThTT ERRQR IN SECONDS 

EF:FWF~ FF.;ECWENCY DENSITY RUN 17b : 

Ef~FWF~ NO. OF PEF.;CENT DF 
INTER\Jr~L. BI~MPL.ES E:r-lriPl.ES 

0- 1 2 14 • ~~<;> 
1- 2 1 7.1.4 
2-· 3 4 2!~. !:)7 
4- !5 2 14.29 
6- 7 2 1-1.29 
7- 8 1 /' .14 
8-- c;> 1 7.14 
9-- 10 1 7.l4 

CIJNIJLATiVE EF~Fi:OF\S RUN 17b 

EFmOF.; 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

ND. OF Sf.d'iPL.ES 
L.T EFmm~ 

") 
.0:.. 

3 
7 
7 
<;> 
<;> 

U. 
j. :~ 

13 
14 

4-91 

PERCENT OF SAMPLES 
LTEI:~I:~()F~ 

14.29 
21.43 
!'50.0() 
!'5().00 
64.2<;> 
64. :<!(y 
78.57 
85.71' 
92.86 

:l.OO.()O 



FIXED ROUTE·;t.S RUN 18 

LOC ATION ERROR IN FEET 

Er~F\OF\ FF~EQUENCY DENSITY RUN l8a . 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 2.67 
10- 20 3 4.00 
20- 30 12 16.00 
30- 40 12 16.00 
40- 50 10 13.33 
50- 60 9 12.00 
60- 70 8 10.67 
70- 80 5 6.67 
80- 90 3 4.00 
90- 100 3 4.00 

100- 110 4 5.~~3 
110- 120 1 1.33 
120- 130 2 2.67 
130- :l40 1 1.33 

CUMULATIVE: ERfWF,S RUN l8a 

EFmOF: :IJ: S~lMPLES PEF,CENT SAMPLES 
LT ERROR LT ERROR 

• 
10 2 2.67 
20 5 6.67 
30 17 22.67 
40 2<i 38.67 
50 39 52.00 
60 48 64.00 
70 56 74.67 
80 61 81.33 
90 64 85.33 

100 67 89.33 
110 71 94.67 
120 72 96.00 
130 74 98.67 
140 75 100.00 
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FIXED ROUTE LS RUN 18 

TIMEPOmT EREOR IN SECONDS 

EFmOR FREOUENCY DENSITY RUN l8b i 
. I 

E:FmOF~ NO. OF PE£F~CENT OF 
INTEF:VAL, SM-1F'LES SANF'l.ES 

0..,. :1 3 20.00 
;J. •• :~ 2 13.33 
2- 3 3 20.00 
·r 
';>"" 4 4 26.67 
5- 6 ;I. 6.67 
8- 9 ;I. 6.67 

14- 15 l 6.67 

,. I 
CUI,lUUHIVE ERI:;;m~S RUN lab' 

Ef:;F,OF:; NO. OF SAI-1PLES PERCENT OF' SAMPL.ES 
LT EF~F\OI:;; LT EF~f~OI:~ 

1 3 20.00 
2 5 3:'5.33 
3 8 53.:,3 
4 12 80.00 
5 12 80.00 
6 ;1.3 B6.67 
7 ;1.3 86.67 
8 :L3 86.6'7 
9 14 93. 3~~ 

10 :L4 93.33 
U 14 93.33 
12 14 93.33 
:L3 14 93.33 
14 14 93.33 
15 15 100.00 

.. 



FlXED ROUTE LS RUN 20 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 20a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

10- 20 3 6.67 
20- 30 6 13.33 
30- 40 5 11.11 
40- 50 10 22.22 
50- 60 4 8.89 
60- 70 :3 6.67 
70- 80 4 8.89 
80- 90 3 6.67 
90- 100 1 2.22 

100- 110 2 4.44 
110- 120 1 2.22 
120- 130 1 2.22 
140- 150 1 2.22 
160- 170 1 2.22 

CUMULATIVE ERRORS Res 20a \ 
ERROR :t SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

20 3 6.67 
30 9 20 .. 00 
40 14 31.11 
50 24 53.33 
60 28 62.22 
70 31 68.89 
80 35 77.78 
90 38 84.44 

100 39 86.67 
110 41 91.11 
120 42 93.33 
130 43 95.56 
140 43 95056 
150 44 97.78 
i60 44 97.78 
170 45 100.00 

4-94 
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I 

FIXED RCU TE LS RUN 20 

TIMEPOINT ERROR IN SECONDS 

I 

ERROR FREQUENCY DENSITY RUN 20b \ 

ERROR NO. OF PERCENT OF' 
INTERVAL SAMPLES SAMPLES 

1- 2 :: 22.22 
2- 3 1 11.11 
3- 4 1 11.11 
4- 5 2 22.22 
5- 6 :2 22.22 
9- 10 1 11.11 

CUMULATIVE ERRORS RUN 20b ! 
ERROR NO. OF SAMPLES PERCENT OF SAMPLES 

2 
3 
4 
5 
6 
7 
8 
9 

10 

LT ERROR LT ERROR 

2 
3 
4 
6 
8 
8 
8 
8 
9 

4-95 

22.22 
33.33 
44.44 
66.67 
88.89 
88.89 
88.89 
89.89 

100.00 



FIXED ROUTE LS RUN 21 

LOCA TION ERROR IN FEET 

ERROR FREQUENCY DENS I TY RUN 2la I 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 7 9.59 
10- 20 11 15.07 
20- 30 13 17.81 
30- 40 14 19.18 
40- 50 6 8.22 
50- 60 8 10.96 
60- 70 4 5.48 
70- 80 3 4.11 
80- 90 1 1.37 
90- 100 2 2.74 

100- 110 2 2.74 
130- 140 1 1.37 
140- 150 1 1.37 

CUMULATIVE ERRORS R~ 21~1 
ERROR t SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 7 9.59 
20 18 24.66 
30 31 42.47 
40 45 61.64 
50 51 69.86 
(;0 59 80.82 
70 63 86.30 
80 66 90.41 
90 67 91.78 

100 '69 94.52 
110 71 97.26 
120 71 97.26 
130 71 97.26 
140 72 98.63 
150 73 100.00 

4-96 
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FIXED ROUTE LS RUN 21 

TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 2lb i 

ERROR NO. OF 
INTERVAL SAMPLES 

0- 1 3 
1...,. 2 3 
3- 4 3 
4- 5 2 
6- 7 2 
7- 8 1 

lO- U 1 

CUMULATIVE ERRORS RUN 2lb: 

ERROR NO. OF SAMPLES 
LT ERROR 

1 3 
2 6 
3 6 
4 9 
5 11 
6 11 
7 13 
8 14 
9 14 

10 14 
11 15 

4-97 

F'ERCENT OF 
SAMPLES 

20.00 
20.00 
20.00 
13.33 
13.33 
6.67 
6.67 

PERCE~T OF SAMPLES 
LT ERROR 

20.00 
40.00 
40.00 
60.00 
73.33 
73.33 
86~67 
93.33 
93.33 
93.33 

100.00 



FIX.ED ROUTE LS RUN 22 

LOCA TION ERROR IN FEET 

ERROR FREQUENCY DENSJiTY RiJN 22a 

ERROR NO. P'ERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 5 6.58 
10- 20 10 13.16 
210- 30 11 14.47 
30- 40 10 13.16 
40- 50 14 18.42 
50- 60 9 11.84 
60- 70 6 7.89 
70- 80 ;3 3.95 
80- 90 1 1.32 
90- 100 2 2.63 

100- 110 2 2.63 
120- 130 1 1.32 
130- 140 1 1.32 
150- 160 1 1.32 

. CUMULATIVE ERRORS RUN 22a I 
ERROR * SAMPLES PERCENT SAMPLES 

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 

LT ERROR LT ERROR 

5 
15 
26 
36 
50 
59 
65 
68 
69 
71 
73 
73 
74 
75 
75 
76 

4-98 

6.58 
19.74 
34.21 
47.37 
65.79 
77.63 
85.53 
89.47 
90.79. 
93~42 
96.05 
96.05 
97.37 
98.68 
98.68 

100.00 

" 
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FIXED ROUTE LS RUN 22 

TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN22b \ 

ERROR NOt OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 3 20.00 
1- 2 3 20.00 
2- 3 3 20.00 
3- 4 3 20.00 
6- 7 1 6.67 
7- 8 1 6.67 
9- 10 1 6.67 

CUMULATIVE ERRORS RUN 22b I 

- ~- ~--~-----

ERROR NO. OF SAMPLES 
LT ERROR 

PERCENT OF SAMPLES 
LT ERROR 

1 3 
2 6 
3 9 
4 12 
5 12 
6 12 
7 13 
8 14 
9 14 

10 15 

4-99 

20.00 
40.00 
60.00 
80.()0 
80.00 
80.00 
86.67 
93.33 
93.33 

100.00 



FIXED ROUTE LS RUN 23 

LOCA TION ERROR IN FEET 

Ef~F~Of:; FJ:;;EDUENCY DENS I TY RUN 23a 

EJ~:f::OH NO. PEF.:CENT OF ;" 

INTEf~V(.:lL SAMPLES SANPLES 

0- 10 6 7.89 
10- 20 10 1,3.16 
20- 30 16 21.05 
30- 40 B 10.53 
AO- 50 10 13.16 
50- 60 7 9.21 
60- 70 6 7~89 

70-- 80 1 1.32 
80- 90 2 2.63 
90- :1.00 -4 5.26 

110,·- :l20 1 1.32 
120-' :L ~30 :L 1+32 
130- 140 :L 1.32 
140- 1::';0 2 2.63 
170- :L80 1 1.32 

I 

CUMlJUd'IVE EFmOF:S 
, 

RUN 23a, 

ERfWR :JJ: SAI'iF'LES PEF.:CENT SI~MF'LES 
LT EJ:;:fWR LT ERfWI:;: 

10 6 7.89 
20 16 21.05 
30 32 42.11 
40 40 52.63 
50 50 65.79 
60 57 75.00 
70 63 82.89 
80 64 84.21 
90 66 86.84 

100 70 92.11 
110 70 92.11 
120 71 7'3.42 .. 
130 72 94.74 
140 73 96.05 
150 75 98.68 
160 75 98.68 
170 75 98.68 
180 76 100.00 
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FIXED ROUTE LS RUN 23 

TIMEPOINT ERROR 1N SECONDS 

EFmOF: F1~:EQtJENCY DENSITY RUN 23b 

EF-:r-:DF-: NO. DF F'EF\CENT OF 
INTERVAL !~Ai1F'LES SANF'LES 

0· .. :l 5 33 .~~3 
1-· '") 

"'- 1 6.67 
2·- ~5 2 :1.3.33 
3- 4 1 6.67 
4- 5 2 13.33 
6- 7 2 13.33 
7- 8 1 6.67 
El- 9 1 6.67 

CUMULATJVE EF~ROF\S. RUN 23bl 

EF-:F:OF\ NO. OF SANF'LES F'EF~CENT OF SAMPLES 
LT ERROR LT Em;:()R 

:l 5 33.33 
2 6 40.00 
3 8 53.33 
4 9 60.00 
5 11 73.33 
6 11 73.33 
7 13 86.67 
a 14 9;3.33 
9 15 :LOO.OO 
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FIXED ROUTE LS RUN 24 

LOCA TION ERROR IN FEET 

ERROR FREGUENCY DEN'ciITY RUN 24a 

ERROR NO. 
INTERVAL SAMPLES 

PERCENT OF 
SAMPLES 

0- 10 1 
10- 20 7 
20- 30 9 
30- 40 13 
40- 50 5 
50- 60 9 
60- .70 4 
70- 80 2 
80- 90 2 
90- 100 1 

100- 110 2 
120- 130 1 
130- 140 2 
140- 150 2 
170- 180 1 

1500-1510 1 

CUMULATIVE ERRORS 

ERROR :t SAMPLES 
LT ERROR 

10 1 
20 8 
30 17 
40 30 
50 35 
60 44 
70 48 
80 50 
90 52 

100 53 
·110 55 
120 55 
130 56 
140 58 
150 60 
160 60 
170 60 
180 61 

1510 62 

4-102 

1.61 
11.29 
14.52 
20.97 
8.06 

14.52 
6.45 
3.23 
3.23 
1.61 
3.23 
1.61 
3.23 
3.23 
1.61 
1.61 

RUN 24\1 

PERC,ii.NT SAMPLiES 
'1..1 ERROR 

1.61 
12.90 
27.42 
48.39 
56.45 
70.97 
77.42 
80.65· 
83.87 
85.48 
88.71 
88.71 
90.32 
93.55 
96.77 
96.77 
96.77 
98.39 

100.00 

I( 

,. 



MANUALLY PROCESSED FIXED ROUTE LS ERRORS, RUN 24 

FIXED ROUTE RUN1F CHECKPOINT ERRORS 

CP1F X(CP) Y(CP) sP1F SEG. INCREM COMPX COMPY ERROR 

64 13372 4812 12 38 1400 13379 4869 57 
65 13787 4668 12 39 399 13753 4652 38 
66 14242 4594 12 39 867 14217 4587 26 
67 15770 4381 13 40 1408 15782 4386 13 
68 16152 4347 13 40 1770 16141 4341 13 
69 17121 4202 13 40 2740 17104 4219 24 
70 17491 3736 13 41 449 17490 3723 13 
71 18691 3072 14 43 1256 18675 3071 16 
72 18782 3565 14 44 489 18809 3557 28 
73 14484 4477 14 45 422 18495 4486 14 
74 17621 4597 14 45 1328 17595 4592 26 
75 16706 4705 14 45 2220 16709 4695 10 
76 15624 4856 15 46 448 15629 4834 23 

.. 

.. 
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FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STATISTICS, RUN 24 

ERROR FREQUENCY DENSITY RUN 24a ,+. 

Error No. Percent of 
Interval Samples Samples 

A 

0- 10 1 1.61 
10- 20 13 17.33 
20- 30 14 18.66 
30- 40 14 18.66 
40- 50 5 8.06 
50- 60 10 13.33 
60- 70 4 6.45 
70- 80 2 3.23 
80- 90 2 3.23 
90-100 1 1.61 

100-110 2 3.23 
120-130 1 1.61 
130-140 2 3.23 
140-150 2 3.23 
170-180 1 1.61 

1500-1510 1 1.61 
Cwnulative Errors Run 24a 

Error Samples Percent Samples 
LT Error LT Error 

10 1 1.61 
20 14 17.33 
30 28 37.33 
40 42 56.00 
50 47 62.66 
60 57 76.00 
70 61 81.33 
80 63 84.00 
90 65 86.66 

100 66 88.00 
110 68 90.66 
120 68 90.66 
130 69 92.00 
140 71 94.66 
150 73 97.33 
160 73 97.33 
170 73 97.33 
180 74 98.66 

1510 75 100.00 

4-104 
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.. 

FIXED ROUTE IS RUN 24 
TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN24b 

ERROR NO. OF 
INTERVAL SAMPLES 

1- 2 
2~ 3 
3- 4 
4- 5 
5- 6 

12- 13 

4 
1 
1 
3 
2 
1 

CUMULATIVE ERRORS RUN24b 

ERROR NO. OF SAMPLES 
LT ERROR 

2 4 
3 5 
4 6 
5 9 
6 11 
7 11 
8 11 
9 11 

10 11 
11 11 
12 11 
13 12 

4-105 

PERCENT OF 
SAMPLES 

33.33 
8&33 
8.33 

25.00 
16.67 
8.33 

PERCENT OF SAMPLES 
LT ERROR 

33.33 
41.67 
50.00 
75.00 
91G67 
91.67 
91.67 
91.67 
91.67 
91.67 
91.67 

100.00 



FIXED ROUTE LS RUN 25 a' 

LOCATION ERROR IN FEET 

.. 
ERROR FREt~UENCY DENSITY RUN 25a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

.0- 10 1 4.00 
10- 20 2 8.00 
20- 30 5 20.00 
30- 40 1 4.00 
40- 50 5 20.00 
50- 60 4 16.00 
60- 70 3 12.00 
70- 80 1 4.00 
80- 90 i 4.00 
90- 100 2 8.00 

CUMULATIVE ERfWRS RU~ 25a i 
I 

ERROR :J. SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 1 4.00 
20 3 12.00 
30 8 32.00 
40 9 36.00 
50 14 56.00 
60 18 72.00 
70 21 84 •. 00; 
80 22 88.00 
90 23 92.00 

100 25 100.00 

., 
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FIXED ROUTE LS RUN 25 

TlMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 2Gb 
) 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

1- 2 
3- 4 
6- 7 
9- 10 

1 
1 
2 
1 

I 

20.00 
20.00 
40.00 
20.00 

CUMULATIVE EFmORS RUN 25bl 

ERROR NO. OF SAMPLES F'EF~CEt~T OF StlMPLES 
LT ERROR LT ERROR 

2 1 20.00 
3 1 20.00 
4 2 40.00 
5 2 40.00 
6 2 40.00 
7 4 80.00 
8 4 80.00 
9 4 80.00 

10 5 100.00 
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FIXED RaJ TE LS RUN 26 

TIMEPOINT ERROR IN SECONDS • 
I] 

EF::FWF~ FF~CQLJENCY DENSITY RUN 26a 

EF.:F.:DF.: NO. PEF.:CENT OF 
INTEF.;VAL SAl-1PLES SAI'IF'LES 

0- 10 6 7.89 
10-- 20 10 13.16 
20- 30 17 22.37 
30-- 40 U 14.47 
40- 50 13 17.11 
50- 60 7 9.2j. 
60- 70 6 7.89 
70- 80 1 1.32 
80- 90 1 1.32 
90- 100 2 2.63 

100- 110 1 1.32 
110- 120 1 1.32 

CUMUL.ATIVE EF.:ROF::S RUN 26a 

EF:ROF.: :n: SAMPLES PEF\CENT SAMPLES 
LT EF.:FWR LT EF,ROF.: 

10 6 7.89 
20 16 21.05 
30 33 43.42 
40 44 57.89 
50 57 75.00 
60 64 84.21 
70 70 92.11 
80 71 93.42 
90 72 94.74 

100 74 97.37 
:Li0 75 98.68 
120 76 :lOO.OO 

.. 
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FIXED ROUTE LS 26 

TIMEPOINT ERROR IN SECONDS 

EmWF: FF~EQUENCY DENSITY RUN 26b' 

EF~F:;OF~ NO. OF PEF~CENT OF 
INTEF:\JAL SAt1PLES SAHPLES 

0- :l 3 21.43 
1- 2 3 21.43 
2- 3 2 14.29 
3-- 4 3 21.43 
5- 6 2 14.29 

1 ~l._ 
~, :1.3 1 7.14 

CUl1ULATP')E EF:FWr~s HUN 26b/ 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

l 3 21.43 
2 6 42.86 
3 8 57.14 
-4 11 '78.57 
5 U 78.57 
6 13 92.86 
7 :l3 92.86 
8 13 92.86 
9 :1.3 92.8tl 

10 13 92.86 
11 13 92.86 
12 13 92.86 
:l3 14 100.00 
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FlXED ROUTE LS RUN 2.7 

LOCATION ERROR IN FEET 

.. 
ERROR FREQUENCY DENSITY RUN 27a' 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 2.63 
10- 20 ·9 11.84 
20- 30 11 14.47 
30- 40 12 15.79 
40- 50 9 11.84 
50- 60 14 18.42 
60- 70 1 1.32 
70- 80 9 11.84 
80- 90 3 3.95 
90-·.100 2 2.63 

100- 110 2 2.63 
120- 130 2 2.63 

CUMULATIVE ERRORS RUN 27a 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR "'. 

10 2 2.63 
20 11 14.47 
30 22 28.95 
40 34 44.74 
50 43 56.58 
60 - 57 75.00 
70 58 76.32 
80 67 88.16 
90 70 92.11 

100 72 94.74 
110 74 97.37 
120 74 97.37 
130 76 100.00 ~ 
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FIXED BOUTE LS RUN 27 

TIMEPOrnT ERROR rn SECONDS 

I 

ERROR FHEQUENCY DENSITY RUN 27b~ 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 2 13.33 
1- 2 4 26.67 
2- 3 3 20.00 
3- 4 3 20.00 
5- 6 1 6.67 
9- 10 1 6.67 

14- 15 1 6.67 

CUMULATIVE ERRORS RUN 27b; 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

1 2 13.33 
2 6 40.00 
3 9 60.00 
4 12 80.00 
5 12 80.00 
6 13 86 .• 67 
7 13 86.67 
8 13 86.67 
9 13 86.67 

10 14 93.33 
11 14 93.33 
12 14 93.33 
13 14 93.33 
14 14 93.33 
15 15 100.00 
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FIXED ROUTE LS RUN 28 

LOCATION ERROR IN FEET 

I:::F:F:CJR FI:;:EGUENCY DEN!3ITY RUN 28a' 

EF~I:::()F~ NO. PEI~:CENT OF 
INTEr~VAL BAr"lPLES SAI"iF'I...ES 

, 0 .. - :LO ~5 6.1.)7 
10- 20 :1.0 13.33 
20- 30 :t:l :1.4.67 
30- 40 8 10.67 
40 .... 50 l3 :L7.33 
50- 60 5 6.67 
60 .. - 70 8 10.67 
70- 80 ~) 6.67 
80-· 90 5 6.67 
90- 100 2 2.67 

100 .... 110 2 2.67 
110- 120 1 1.33 

C:UMUI. .. AT I VE E F: F:: () r.: E RUN 28a 

EF\ROR :11: SAMPL.ES r-:'EF~CENT S(.:li'1PLEB 
LT EI:~F~OF~ LT ERF:()I:~ 

10 5 6.67 , 
20 15 20.00 
30 26 34.67 
40 34 45.33 
50 47 62.67 
60 J:''') 

...)"- 69.33 
70 60 80.00 
SO 65 136.67 
90 70 93.33 

100 72 96.00 
110 74 98.67 
120 75 100.00 

4-1.12 
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FIXED ROUTE LS RUN 28 

TThIEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 28b! 

ERFWR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 5 33.33 
1- 2 2 13.33 
2- 3 1 6.67 
3- 4 '") 

"'" :1.3.33 
4- 5 2 13.33 
5- 6 2 13.33 
9- 10 1 6.67 

CUMULATIVE EF.;FWF,S RUN 28b! 

ERF.;OR NO. OF SAr1PLES PERCENT ()F SAl'lF'LES 
LT ERR()r.; LT EI~ROF< 

1 5 33.33 
2 7 46.67 
3 8 53.33 
4 10 66.67 
5 12 80.00 
6 14 93.33 
7 14 93.33 
8 14 93.33 
9 14 93.33 

10 15 100.00 
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FIXED ROUTE LS RUN 29 

LOCATION ERROR IN FElVT 

Er-~F:m;: FF::E~ClUENCY DENElITY RUN 29a. 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0·- 10 4 5.41 
10- 20 lO 1:5.51 
20- 30 11 :1.4.86 
30-' 40 15 20.27 
40- 50 9 12.:1.6 
50- 60 6 8.11 
C)o-· 70 8 iO.81 
70- BO :l 1.35 
80- 90 5 6.76 
90- 100 3 4.05 

100- 1:l0 :L 1.35 
:1.20- :1.30 :l 1.35 

CUMULATIVE EF:I:;;()F~S RUN 29a! 
I 

Er-mOF: :D: SAMPLES PEF~CENT SAI'iPLES 
LT EF~I:;;OI:~ LT ERF:OI:~ 

lO 4 5.41 
20 14 :1.0.92 
30 25 33.78 
40 40 :54.0!';j 
50 49 66. ::!2 
60 55 74. 3:;~ 
70 63 85.14 
80 64 86.49 
90 69 93.24 

:1.00 72 97.30 
110 73 98.65 
120 73 90.65 
130 74 100.00 

4-114 
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FIXED ROUTE LS RUN 29 
TIMEPOINT ERROR IN SECONDS 

I 

Ef~F\DI::: FF.;I:::CWr::;NCY I)E~NB J: TY RUN 29b. 

EFmOf~ NO. OF F'EI:::C;ENT OF 
I NTH;V(.';L. B,~,I'iF'L.ES SAMFLEB 

C).- :1. 4 :~6. 67 
i- 2 2 13. 3~, 
2- 3 :1. 6.67 
3 .. - 4 :l 6.67 
4- 5 :l 6.6)7 
5- (~ j. Clt 67 
6-· 7 2 :1.3.33 
/'.- 13 1 6.67 
8- I? 1 6.67 

:1. :l. -- :l2 1 6.67 

EF~fWI::: ND. OF S~IMF'LES PERCENT OF SI~MPLE:S 
LT EF~ROR 1_ T EI:~I:::fJF~ 

:l 4 26.6? 
2 6 40.00 
3 i' 46.67 
4 8 ~5:~ + 33 
5 9 60.00 
6 10 66.67 
7 :l2 SO.OO 
8 13 86.67 
9 14 9~5. 33 

10 :l4 93.33 
U :1.4 93.33 
12 1 !:j 100.00 
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FIXED ROUTE LS RUN 30 

LOCA TION ERROR IN FEET" 

•• 
ERROF~ FF~E(WENCY DENSITY RUN 30a 

ERROR NO. PERCENT OF 
INTEF~VAL SAMPLES SAMPLES 

0- 10 3 3.95 
10- 20 10 13.16 
20- 30 12 15.79 
30- 40 9 11.84 
40- 50 11 14.47 
50- 60 13 17.11 
60- 70 7 9.21 
70- 80 5 6.58 
80- 90 3 3.95 

100- 110 2 2.63 
120- 130 1 1.32 

.. 

CUMULATIVE ERRORS RUN 30a" 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 3 3.95 
20 13 17.11 
30 25 32.89 
40 34 44.74 
50 45 59.21 
60 58 76.32 

70 65 85.53 
80 70 92.11 
90 73 96.05 

100 73 96.05 
110 75 98.68 
120 75 98.68 
130 76 100.00 

" 
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FIXED ROUTE LS RUN 30 

TIMEPOINT ERROR IN SECONDS 

~ 

ERROR FREQUENCY DENSITY RUN 30b! 
I 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 3 20.00 
1- 2 4 26.67 
2- 3 1 6.67 
3- 4 1 6.67 
5- 6 2 13.33 
7- 8 1 6.67 
8- 9 2 13.33 

13- 14 1 6.67 
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FIXED ROUTE LS RUN 31 

LOCATION ERROR IN FEET 

EFmcm FF~I~:GLJI:::NCY [II:~NSITY RUN 3la: 

ERFWR NO. PEF~CENT OF 
INTERVAL SAMPLEG BAMF'LE~1 

0- j,O '') ... 2.63 
10- 2() 4 5.26 
20- 30 12 15.79 
30- 40 15 19.74 
40- 50 10 13.16 
50- 60 4 5.26 
60- 70 9 11.84 
70- t3() 3 3.95 
80- 90 7 ('1.21 
90- 100 !5 6.58 

100- 110 2 2.63 
110- 120 1 1.32 
120~' 130 1 1.32 
400- 410 1 1.32 

CUMUL.ATIV'::: EFmcmB RUN 3la ! 

ERROF~ ;I~ SANPI.,ES PERCENT SAMPLES 
L.T E:F~F~or.:: LT EI:;:FWR 

10 :2 ~? + 63 
20 6 '7. El9 
30 18 23.68 
40 33 43.42 
50 43 56.58 
60 47 61.84 
70 56 73.68 
80 59 77.63 
90 66 86.84 

100 7:l 93.42 . 
110 73 96.05 
120 74 97.37 
130 75 98.68 
410 76 100.00 
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FIXED ROUTE LS RUN 31 

TIMEPOINT ERROR IN SECONDS 

EI\FWH FI:;:I::C.~UENCY DENSITY RUN 3Th: 

~~FU';:OR NO. OF F'Ef~CE~NT OF 
INTEF:VAL SAMPLES SAMPLES 

0- :l 5 33~33 

1- 2 1 6.67 
2- 3 1 6.67 
3- 4 :2 13.33 
4- 0:.-

;.} 1 6.67 
5~ 6 3 20.00 
6- 7 1 6.67 

:to- li 1 6.67 

.. CUMULATIVE EfmO["S RU,N 3Th, 

EF~Rm~ NO. 01=' SAt-iF-LES PI::F~CENT OF SAt1PLES 
I '.' ,_ I (;::F~fWR LT EI:;:I:Wf~ 

1 5 ~B.33 

2 6 40.00 
3 7 46.67 
4 9 60.00 
5 10 66.67 
6 13 86.67 
7 14 93.33 
8 14 93.33 
9 :l4 93.33 

10 14 93.33 
11 15 :tOO.OO 
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FIXED ROUTE LS RUN 32 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 32a : 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 5 6.67 
10- 20 11 14.67 
20- 30 10 13.33 
30- 40 16 2::'.33 
40- 50 9 12.00 
50- 60 8 10.67 
60- 70 4 5.33 
70- 80 3 4.00 
80- 9() 3 4.00 
90- 100 4 5.33 

100- 110 1 1.33 
120- 130 :I. 1.33 

CUMULATIVE ERRORS 
I 

RUN 32a ! 

ERROR # SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 5 6&67 
20 16 21.33 
30 26 34.67 
40 42 56.00 
50 51 68.00 
60 59 78.67 
70 63 84.00 
80 66 88.00 
90 69 92.00 

100 73 97.33 
110 74 98.67 
120 74 98.67 
130 75 100.00 
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FIXED ROUTE LS RUN 32 

TIMEPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 32b \ 

ERROR NO. OF 
INTERVAL SAMPLES 

0- 1 
1- 2 
2- 3 
5- 6 
6- 7 
8- 9 
9- 10 

11- 12 
12- 13 

2 
2 
3 
2 
1 
1 
1 
1 
1 

PERCENT OF 
SAMPLES 

14.29 
14.29 
21.43 
14.29 
7.14 
7~14 
7.14 
7.14 
7.14 

CUMULATIVE ERRORS RUN 32b I 
ERROR NO. OF SAMPLES PERCENT OF SAMPLES 

LT ERROR LT ERROR 

1 2 14.29 
2 4 28.57 
3 7 50.00 
4 7 50.00 
5 7 50.00 
6 9 64.29 
7 10 71.43 
8 10 71.43 
9 11 78.57 

10 12 85.71 
11 12 85.71 
12 13 92.86 
13 14 100.00 
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FIXED 'ROUTE LSRUN 34 

.. 
LOCATION ERROR IN FEET 

EfmOR Fr~Ei:WENCY DENS I TY RUN 34a , 

EFmOF, NO. F'EJ~CENT OF 
INTERVAL SA11PLES SAMPLES 

10- 20 3 8.11 
20- 30 6 16.22 
30- 40 5 13.51 
40- 50 6 16.22 
50- 60 3 8.11 
60- 70 5 13.51 
70- 80 3 8.11 
80- 90 2 5.41 
90- 100 3 8.11 

130- 140 1 2.70 

CUMULATIVE EF,fWRS RUN 34a 

ERROl;: :11= SAMPLES PEF,CENT SAMPLES 
LT ERROF, LT EnROR 

20 3 8.11 
30 9 . 24.32 
40 14 :37.84 
50 20 54.05 
60 23 62.16 
70 28 75.68 
80 31 83.78 
90 33 89.19 

100 36 97.30 
110 36 97.30 
120 36 97.30 
130 36 97.30 
140 37 100.00 
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MANUALLY PROCESSED FIXED ROUTE IS ERRORS, RUN 34 

CP# X(CP) Y(CP) SP# SEG. INCREM COMPX COM:P Y ERROR 

38 16908 5840 8 25 1751 16905 5830 10 
39 16427 5897 8 25 2253 16407 5893 20 
40 15645 6003 8 25 3043 15624 5993 23 
41 14638 6127 9 29 351 14637 6119 8 
42 14717 5780 9 30 160 14'754 5771 38 
43 14816 5222 9 31 552 14821 5210 13 
44 14055 5037 9 32 705 14089 5045 35 
45 13388 5138 9 32 1373 13427 5132 39 
46 12862 5200 9 32 1951 12854 5207 11 
47 11518 5369 10 33 818 11535 5387 25 
48 10787 5472 10 33 1550 10810 5488 28 
49 10462 5513 10 33 1892 10471 5535 24 
51 8740 5757 10 33 3628 8752 5775 22 
52 8145 5840 10 33 4280 8106 5865 46 
53 7537 6481 11 35 526 7558 6443 43 
54 7652 6971 11 35 1028 7643 6937 35 
55 8320 6948 11 36 611 8266 6955 54 
56 9345 6825 11 36 1651 9297 6819 93 
57 9894 6731 11 36 2213 9854 6745 42 
58 12136 6444 12 37 1168 12118 6446 18 
59 12561 6405 12 37 1574 12521 6393 42 
60 13099 6331 12 37 2154 13096 6318 13 
61 13452 6271 12 37 2490 13429 6274 23 
62 13455 5695 12 38 5io 13497 5751 70 
63 13388 5138 12 38 1078 13422 5188 60 
64 13372 4812 12 38 1372 13383 4896 85 
65 13787 4668 12 39 375 13729 4655 59 
66 14242 4594 12 39 821 14171 4594 71 
67 15770 4381 13 40 1516 15889 4373 119 
68 16152 4347 13 40 1772 16143 4341 11 
69 17121 4202 13 40 2724 17088 4221 38 
70 17491 3736 13 41 416 17494 3750 14 
71 18691 3072 14 43 1230 18650 3074 41 
72 18782 3565 14 44 477 18808 3537 38 
73 18484 4477 14 45 412 18505 4485 22 
74 17621 4597 14 45 1316 17607 4590 16 
75 16706 4705 14 45 2220 16709 4695 115 
76 15624 4856 15 46 430 15646 4831 33 
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FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STATISTICS, RUN 34a 

ERROR FREQUENCY DENSITY RUN 34a 

Error No. Percent of 
Interval Samples Samples 

0- 10 1 1.33 
10- 20 11 14.66 
20- 30 14 18.66 
30- 40 12 16.00 
40- 50 11 14.66 
50- 60 5 6.66 
60- 70 6 8.0 
70- 80 5 6.66 
80- 90 3 4.0 
90-100 4 5.33 

110-120 2 2.66 
130-140 1 1.33 

Cumulative Errors Run 34a 

Error Samples Percent Samples 
LT Error LT Error 

10 1 1.33 
20 12 16.00 
30 26 34.66 
40 38 50.66 
50 49 65.33 
60 54 72.00 
70 60 80.00 
80 65 86.66 
90 68 90.66 

100 72 96.00 
110 72 96.00 
120 74 98.66 
130 74 98.66 
140 75 100.00 
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FIXED ROUTE LS RUN 34 

TIMEPOINT ERROR IN SECONDS 

ERROR Fl:;:EQUENCY DENSITY 34b 

EfmOR NO. OF F'EI~CENT OF 
INTERVAL SA~1F'LES SAMPLES 

0- 1 2 25.00 
1- 2 1 12.50 
4- 5 1 12.50 
7- 8 1 12.50 
8- 9 1 12.50 
9- 10 1 12.50 

17- 18 1 12.50 

CmilJLATIVE ERRORS 34b 

ERROR NO. OF SAI1PLES PERCENT OF SAMPLES 
LT ERROR LT ERF:OR 

'" 1 2 25.00 
2 3 37.50 
3 3 37.50 
4 3 37.50 
5 4 50.00 
6 4 50.00 
7 4 50.00 
8 I::' u 62.50 
9 6 75.00 

10 7 87.50 
11 7 87.50 
12 7 87.50 
13 7 87.50 
14 7 87.50 
15 7 87.50 
16 7 87.50 
17 7 87.50 
18 8 100.00 

'If 
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FIXED ROUTE LS RUN 35 . 

LOCATION ERROR IN FEET 

.... 

EF'<fWF~ FREQUENCY DENSITY RUN 35a. 

EF:FWFi NO. F'EHCENT OF 
INTERVAL St-IMPLES f:;A!1F'LES 

0-- 10 6 f:l.00 
10- 20 10 13.33 
20- 30 :1.5 20.00 
30- 40 10 13.33 
40- 50 9 12.00 
50- 60 7 9.33 
60- 70 9 12.00 
70- 80 3 4.00 
80- 90 3 4.00 
90- 100 '1 ..:.. 2.67 

130- :1.40 1 1. 33 

• 

CUMlJLAT:~E EFUWRS RUN 35a' 
I 

EfmOH :U: SAMPLES F'EF~CENT SAMI='LES 
LT EFiFWFi LT ERFWFi 

10 6 B.OO 
20 16 21.33 
30 3:L 41.33 
40 4:1. 54. t,7 
50 50 66.67 
60 57 76.00 
70 66 88.00 
eo 69 92.00 
90 72 96.00 

100 74 98.67 
:1.10 74 98.67 
:l20 74 98.67 
130 74 98.67 
140 7~'5 lOO.OO 

~ 
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EfmOF: 

:I. 
2 
'7 
'" 
4 
5 
6 
'7 
8 
9 

10 

FlXED ROUTE LS RUN 35 

TIMEPOINI' ERROR IN SECONDS 

EF,F~cm FF:EGUENCY DENSITY RUN 35b 

EF:I:;:DH NO. DF 
INTEHVAL Sf.1MPLES 

0· .. · 1 r) ... 
:l- 2 :'5 
2-·' "Z 3 ,.1 

5·- 6 3 
6·- ? 2 
9- :lO 2 

ND. OF S{-)liPLES 
LT EFmDF~ 

5 
13 
8 
B 

:1.:1. 
:1.3 
13 
:1.:3 
:1. ::-j 
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PEF~CENT ()F 

SAliPI",~;:S 

:1.3.33 
20.00 
20.00 
20.0Q 
:1, ~~. :33 
13. :~3 

PEHCENT DF SAMPLES 
LT EFmCm 

:1.:'5 • :'5:'5 
;·~3. ~53 

f:5:3.:B 
5~5 • :3:3 
5~5. :33 
7~~. ;3:3 
B6.67 
86.67 
86.67 

:LOQ • Q() 



FD{ED ROUTE LS RUN 36 

LOCATION ERROR IN FEET 

EF::nClF~ Ff.:EQl.JENCY DENSITY RUN 36a .... 

E F~ I::: Cl F~ NCl. PEF~CENT OF 
INTEF..:lJAL S('~I'iPLES BAIv!PLES 

0- :to 6 7.89 
10- 20 6 7.89 
20- 30 13 1"7.:l1 
30-- 40 9 11. !34 
40- ~jO 9 :1,:l.B4 
50- 60 7 9.21 
60- 70 7 <jl.21 
70- 80 6 7.B9 
80- 90 r.-

;;.) ,-:'.5B 
100-- 110 2 2.63 
110-- 120 3 ~5. 95 
120- 130 :I. 1.32 
130-- 140 :L 1.32 
150- 160 1 1.32 

CU!v!l.JI...(:ITIVE EF::F~()F:S RUN 36a, ... 

EFmOF~ on: SAI'iF'LES PEF~CENT SAl'1PLE;S 
L.T EFH<m;; LT ERFWR 

10 6 7.f:l9 
20 12 15.7<7 
30 25 32.89 
40 34 44.74 
50 43 56.58 
60 50 65.79 
70 ~57 75.00 
80 6~5 82.89 
90 68 89.47 

:lOO 6t3 f:l<jl .47 
110 70 92.11 
120 73 96.05 
130 74 9"7.37 
140 75 !fEl.68 
150 75 98,68 
:1.60 76 100.00 

"!. 
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FIXED ROUTE LS RUN 36 

T1M.EPOINT ERROR IN SECONDS 

. 
I::F:F:QF:: FF\EGUENCY t:rI::r'~SITY RUN 36b; 

EFmm~ ND. OF PEF:CENT OF' 
INTERVt-tl ... S(.lHF:'U::S SAHF'LES 

0-- :L 2 :1.:~.:33 

1- 2 3 20.00 
2-- 3 3 20.00 
3- 4 :l 6.67 
4- 5 5 33.33 
7-' 8 1 6.67 

CLH1lJLATIVE EF~FWI~f:) RUN 36b. 

ERFiOR NO. OF SAr-iF'LES F'EF~CENT OF SI~r1PLES 
LT EI~I:;:Ori LT EFiFWFi 

1 2 :1.3.33 
2 5 33.33 
3 8 5;3.33 
4 9 60.00 
c' 
;.) :1.4 93.33 
6 :1.4 93.33 
7 14 9~3. 3:3 
8 :1.5 :1.00.00 

.. 
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FIXED ROUTE LS RUN 37 ... 
LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 37a I 

E!.:::ROR NO* PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 5 6.58 
10- 20 4 5.26 
20- 30 16 21.05 
30- 40 7 9.21 
40- 50 9 11.84 
50- 60 7 9.21 
60- 70 9 11.84 
70- 80 3 3.95 
80- 90 6 7.89 
90- 100 3 3.95 

100- 110 2 2#63 
110- 120 3 3.95 
120- 130 1 1.32 
140- 150 1 1.32 

CUMULATIVE ERRORS RUN 37a' 

ERROR :1= SAMPLES PERCENT SAMPLES ... 
LT ERROR LT ERROR 

10 5 6.58 
20 9 11.84 
30 25 32.89 
40 32 42.11 
50 41 53.95 
60 48 63016 
70 57 75.00 
80 60 78.95 
90 . 66 86.84 

100 69 90.79 
110 71 93.42 
120 74 97.37 
130 75 98.68 .. 
140 75 98.68 
150 76 100.00 

t! 
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FIXED ROUTE LS'RUN'37 

TIM:EPOINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 37b \ 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 At 26.67 
1-' 2 1 6.67 
'2- 3 2 13.33 
3- 4 1 6.67 
4- 5 3 20.00 
5- 6 1 6.67 
7- 8 1 6.67 
8- 9 2 13.33 

CUMULATIVE ERRORS RUN 37b I 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

1 4 26.67 
2 5 33.33 
3 7 46.67 
4 8 ~3.33 
5 11 73.33 
6 12 80.00 
7 12 80.00 
8 13 86.67 
9 15 100.00 

,,~ 
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FIXED ROUTE LS RUN 38 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENS I TY RUN 38a 

ERROR NO~ PERCENTO~'--
}lI}E~y~L __ S~~PLE.§ ______ ?_I!"!~_l:ES 

0- 10 1 1.32 
10- 20 10 13.16 
20- 30 7 9.21 
30"';"'--40 8 -10:53----- -
40- 50 10 13.16 

-- ---50:'-- 60- -cr-- -il-:-S4 --- ---
60- 70 9 11.84 
70- 80 5 6.58 
8G- 90 7 9.21 

-90-ioo--6------f.89'---
100- 110 2 2.63 

-11<>"::-120 ---2 2.63:---

-CUAUI:ATIV~ERRORS- RUN 38a .~--

ERROR • SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 1 1.32 
20 11 14.47 
30 18 23.68 
40-26 - --- 34.21- --- -
50 36 47.37 
60 45-' , --. 59 ;2i-
70 54 71.05 

----,.80 scr '/..-67'3------
90 66 86.84 

100 72------ --- 94.74-- ' 
110 74 97.37 

---:(20 -- -.- 76------ --100;00---- .---
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FIXED ROUTE LS RUN 38 

TIM:EPOINT ERROR IN SECONDS 

ERROR' F"REQUENCY DENSITY RUN 38b ~ 

ERROR 
INTERVAL 

NO. OF 
SAMPLES 

PERCENT OF 
SAMPLES 

0- 1 2 14.29 
-'-2"':-' -3'---"'-2---'--14:29 

3- 4 1 7.14 
4- 5 3 21.43 
5- 6 3 21.43 
6- 7 -~---··1 --- .-.-.- 7-.~14 

10::- .. 11,..... ~ 7.14. __ 
19- 20 1 7.14 

CUMULATIVE ERRORS RUN 38b 

NO. OF SAMPLES 
LT ERROR 

PERCENT OF SAMPLES
LT ERROR 

1 2 14.29 :2 -... -. ---·- .. ·2----- - . - . --.---- -i4~ 29-------- .. 
3 4 28.57 
4 5 35.71 
5 8 57.14 

• __ • _M'6" -.~.~- , .... ~ -11 ------ ~-- . -.---- 78.57' 

7 12 85.71 
...... 8'--," -·--12----------·· 85.71-"- 0--- .. -.--

9, 12 85.71 
10 12 -8 ..... 5-.7'""1.--·---
11 13 92.86 
20 14 -----rO·o-.OO--· _ .. 
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FIXED ROUTE LS RUN 39 

LOCATION ERROR 1N FEET 

ERROR FREQUENCY DENSITY RUN 39a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

10- 20 2 2.78 
20- 30 7 9.72 
30- 40 11 15.28 
40- 50 16 22.22 
50- 60 13 18.06 
60- 70 9 12.50 
70- 80 4 5.56 
80- 90 3 4.17 
90- 100 1 1.39 

100- 110 3 4.17 
110- 120 1 1.39 
130- 140 1 1.39 
140- 150 1 1.39 

CUMULATIVE ERRORS RUN 39a 

ERROR :1: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

20 2 2.78 
30 9 12.50 
40 20 27.78 
50 36 50.00 
60 49 68.06 
70 58 80.56 
80 62 86.11 
90 65 90.28 

100 66 91.67 
110 69 95.83 
120 70 97.22 
130 70 97.22 
140 71 98.61 
150 72 100.00 
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FIXED ROUTE LS RUN 39 

TIMEPOINT -ERnOR IN SECONDS 

EfmOR FF~EQUENCY DENSITY RUN 39b~ 

EF~ROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 1 7.14 
1- 2 4 28.57 
2- 3 1 7.14 
4- 5 2 14.29 
5- 6 1 7.14 
6- 7 2 14.29 
9- 10 1 7.14 

11- 12 2 14.29 

.. CUMULATIVE ERRORS RUN 39b 

ERROR NO. OF SAMPLES PERCENT OF SAMF'LES 
LT EF.:ROR LT ERROR 

1 1 7.14 
2 5 35.71 
3 6 42.86 
4 6 42.86 
5 8 57.14 
6 9 64.29 
7 11 78.57 
8 11 78.57 
9 11 78.57 

10 12 85.71 
11 12 85.71 
12 ;1.4 100.00 

.-
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FIXED ROUTE LS RUN 40 

LOCA TION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 40a i 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 1 2.78 
10- 20 1 2.78 
20- 30 ':), 5.56 ,:.. 

30- 40 8 22.22 
40- 50 9 25.00 
50- 60 7 19.44 
70- 80 4 11.11 
80- 90 1 2.78 
90- 100 1 2.78 

100- 110 1 2.78 
110- 120 1 2.78 

CUMULATIVE ERRORS RUN 40al 

ERFWR :J: SAMPLES PERCENT SAMPLES 
LT ERF~OR LT ERROR '" 

10 1 2.78 
20 2 5.56 
30 4 11.11 
40 12 33.33 
50 21 58.33 
60 28 77.78 
70 28 77.78 
80 32 88.89 
90 33 91.67 

100 34 94.44 
110 35 97.22 
120 36 100.00 .. 
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MANUALLY PROCESSED FIXED ROUTE IS DATA, RUN 40 

FIXED ROUTE RUN# 40 CHECKPOINT ERRORS 

CP# X(CP) Y(CP) SP# SEG. INCREM COMPX COMPY ERROR 

37 17779 5728 8 25 1804 17758 5720 22 
38 16908 5840 8 25 2670 16899 5829 14 
39 16427 5897 8 25 3164 16409 5893 18 
40 15645 6003 8 25 3960 15699 5994 55 
41 14638 6127 9 29 1058 14637 6122 5 
42 14717 5780 9 30 1572 14770 5770 54 
43 14816 5222 9 31 2252 14820 5202 20 
44 14055 5037 9 32 3208 14089 5045 35 
45 13388 5138 9 32 3888 13415 5133 27 
46 12862 5200 9 32 4450 12858 5207 8 
47 11518 5369 10 33 824 11529 5388 22 
48 10787 5472 10 33 1562 10798 5490 21 
49 10462 5513 10 33 1894 10469 5536 24 
50 4558 5647 10 33 2878 9495 5692 68 
51 8740 5757 10 33 3634 8746 5776 20 
52 8145 5840 10 33 4270 8116 5864 38 
53 1537 6481 11 35 866 7553 6415 68 
54 7652 6971 11 35 1370 7639 6912 60 
55 8320 6948 11 36 2092 8252 6957 69 
56 9345 6825 11 36 3124 9275 6822 70 
57 9894 6731 11 36 3676 9822 6749 74 

• 
58 12136 6444 11 37 5994 12120 6446 16 
59 12561 6405 11 37 6388 12511 6395 51 
60 13099 6331 11' 37 6964 13082 6319 21 
61 13452 6271 11 37 7296 13411 6276 41 
62 13455 5695 11 38 7940 13499 5770 87 
63 13388 5138 11 38 8508 13425 5207 78 
64 13372 4812 11 38 8794 13387 4924 113 
65 13787 4668 11 39 9362 13703 4659 84 
66 14242 4594 11 39 9824 14161 4595 81 
67 15770 4381 13 40 1378 15752 4390 20 
68 16152 4347 13 40 1772 16144 4341 10 
69 17121 4202 13 40 2586 16950 4238 175 
70 17491 3956 -:3 41 3628 17492 3738 2 
71 18691 3072 13 43 1494 18638 3075 53 
72 18782 3565 13 44 2072 18806 3524 48 
73 18484 4477 13 45 3392 18517 4484 34 
74 17621 4597 13 45 4286 17619 4589 8 

75 16706 4705 13 45 5186 16735 4692 32 

76 15624 4856 14 46 440 15636 4833 26 

..,- "'-, . 
" 
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FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STA TIS TICS , RUN 40a ... 

ERROR FREQUENCY DENSITY RUN 40a 

Error No. Percent of 
Interval Samples Samples 

0- 10 4 5.26 
10- 20 6 7.89 
20- 30 12 15.78 
30- 40 12 15.78 
40- 50 11 14.47 
50- 60 11 14.47 
60- 70 4 5.26 
70- 80 7 9.21 
80- 90 4 5.26 
90-100 1 1.31 

100-110· 1 1.31 
'110-120 2 2.63 
170-180 1 1.31 

Cumulative Errors Run 40a 

Error Samples. Percent Samples 
LT, Error LT Error 

.. 
10 4 5.-26 
20' 10 13.15 
30 22 28.94 
40 34 44.73 
50 45 59.21 
60 56 73.68 
70 60 78.94 
80 67 88:15 
90 71 93.42 

100 72 94.73 
110 73 96.05 
120 75 98.65 
180 76 100.00 
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FNED ROUTE LS RUN 40 

TIM:EPOINT ERROR IN SECOND S 

ERROR FREQUENCY DENSITY RUN 40bi 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 3 37.50 
3- 4 1 12.50 
6- 7 2 25.00 
8- 9 1 12.50 

11- 12 1 12.50 

CUMULATIVE ERRORS RUN 40b i 
\ 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

,$ 

1 3 37.50 
2 3 37.50 
3 3 37.50 
4 4 50.00 

It 
5 4 50.00 
6 4 50~00 

7 6 75.00 
8 6 75.00 
9 7 87.50 

10 7 87.50 
11 7 87.50 
12 8 100.00 
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FIXED ROUTE LS RUN 41 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 4la .. 
ERROR NO. PEHCENT OF 

INTEF~VAL SA11F'LES SAMPLES 

0- 10 7 9.72 
10- 20 14 19.44 
20- 30 7 9.72 
30- 40 9 12.50 
40- 50 13 18.06 
50- 60 6 8.33 
60- 70 11 15.28 
70- 80 2 2.78 
80- 90 1 1.39 
90- 100 1 1.39 

110- 120 1 1.39 

CUMULATIVE ERROF~S RUN 4la\ 

ERROR :i: SAMPLES PEF,CENT SAMPLES 
LT ERROR LT ERROR 

10 7 9.72 
20 21 29.17 
30 28 38.89 
40 37 51.39 
50 50 69.44 
60 56 77.78 
70 67 93.06 
80 69 95.83 
90 70 97.22 

100 71 98.61 
110 71 98.61 
120 72 100.00 

• 
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FIXED ROUTE LS RUN 41 

TIMEPOrnT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 4lb I 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 2 14.29 
1- 2 3 21.43 
3- 4 3 21.43 
4- 5 1 7.14 
5- 6 2 14.29 
7- 8 1 7.14 
8- 9 1 7.14 
9- 10 1 7.14 

, 
CUMULATIVE ERRORS RUN 41b l 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

1 2 14.29 
2 5 35.71 
3 5 35.71 
4 8 57.14 
5 9 64.29 
6 11 78.57 
7 11 78.57 
8 12 85.71 
9 13 92.86 

10 14 100.00 
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FIXED ROUTE LS RUN 42 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 42a I 

EF.:ROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 4 5.56 
10- 20 6 8.33 
20- . 30 10 13.89 
30- 40 9 12.50 
40- 50 11 15.28 
50- 60 8 11.11 
60- 70 7 9.72 
70- 80 4 5.56 
80- 90 6 8.33 
90- 100 3 4.17 

100- 110 2 2.78 
110- 120 1 1.39 
130- 140 1 1.39 

CUMULATIVE EF.:RORS RUN 42a! 

ERROR :ft: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 4 5.56 
20 10 13.89 
30 20 27.78 
40 29 40.28 
50 40 55.56 
60 48 66.67 
70 55 76.39 
80 59 81.94 
90 65 90.28 

100 68 94.44 
110 70 97.22 
120 71 98.61 
130 71 98.61 
140 72 100.00 
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FIXED ROUTE LS RUN 42 

TIMEPOrnT ERROR rn SECONDS 

ERROF~ FREQUENCY DENS I TY RUN 42b! 

ERF.:OR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 2 14.29 
1- 2 2 14.29 
2- 3 2 14.29 
3- 4 1 7.14 
4- 5 4 28.57 
5- 6 1 7.14 
6- 7 1 7.14 
9- 10 1 7.14 

CUMULATIVE ERRORS RUN 42b 

ERROR NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR l_T ERROf~ 

.... 1 2 14.27 
2 4 28.57 
3 6 42.86 
4 7 50.00 
5 11 78.57 
6 12 85.71 
7 13 92.86 
8 13 92.86 
9 13 92.86 

10 14 100.00 
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FIXED ROUTE LS RUN 43 

LOCATION ERROR IN FEET 

ERROR FREQUENCY DENSITY RUN 43a; 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLE~ 

0- 10 1 1.72 
20- 30 5 8.62 
30- 40 5 8.62 
40- 50 13 22.41 
50- 60 9 15.52 
60- 70 2 3.45 
70- 80 10 17.24 
80- 90 3 5.17 
90- 100 5 8.62 

100- 110 2 3.45 
110- 120 1 1.72 
120- 130 1 1.72 
140- 150 1 1.72 

CUMULATIVE ERRORS RUN 43a 

ERROR ,. SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR , 

10 1 1.72 
20 1 1.72 
30 6 10.34 
40 11 18.97 
50 24 . 41.38 
60 33 56.90 
70 35 60.34 
80 45 77.59 
90 48 82.76 

100 53 91.38 
110 55 94.83 
120 56 96.55 
130 57 98.28 
140 57 98.28 
150 58 100.00 
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MANUALLY PROCESSED FIXED ROUTE IS ,DATA, RUN 43 

FlXED ROUTE RUN1/: CHECKPOrnT ERRORS 

CP1/: X{CP) Y(CP) SP1/: SEG. !NCREM COMPX COMPY ERROR 

64 13372 4812 11 38 1272 13396 4995 185 
65 13787 4668 11 39 331 13686 4661 101 
66 14242 4594 11 39 787 14137 4598 105 
67 15770 4281 13 40 1390 157'64 4389 10 
68 16152 4347 13 40 1782 16153 4339 8' 
69 17121 4202 13 40 2732 17096 4220 31 
70 17491 3736 13 41 432 17629 3735 138 
71 18691 3072 14 43 1202 18621 3076 70 
72 18782 3565 14 44 435 18803 3495 73 
73 14484 4477 14 45 390 18527 4482 43 
74 17621 4597 14 45 1264 17658 4584 39 
75 16706 4705 14 45 2194 16604 4707 102 
76 15624 4856 15 46 426 15650 4831 36 
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FIXED ROUTE LOCATION SUBSYSTEM 
ERROR STA1'ISTICS, RUN 43a 

ERROR FREQUENCY DENSITY RUN 43a 

Error No. Percent of 
Interval Samples Samples 

... 
0- 10 3 4.0 

10- 20 3 4.0 
20- 30 6 8.0 
30- 40 8 10,66 
40- 50 14 18,66 
50- 60 9 12,0 
60- 70 2 2,66 
70- 80 12 16.00 
80- 90 3 4.0 
90-100 5 6.66 

100-UO 5 6.66 
110-120 1 1.33 
120-130 1 1.33 
130-140 1 1,33 
140-150 1 1.33 
180-190 1 1.33 

CUMULA TIVE ERRORS RUN 43a 

Error Samples Percent Samples 
LT Error LT Error 

10 3 4.00 
20 6 8,00 
30 12 16.00 
40 20 26.66 
50 34 45.33 
60 43 57.33 
70 45 60,00 
80 57 76,00 
90 60 80,00 

100 65 86,66 
110 70 93.33 
120 71 94,66 
130 72 96.00 
140 73 97.33 
150 74 98,66 
190 75 100.00 
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FIXED ROUTE LS RUN 43 

TIME POINT ERROR IN SECONDS 

ERROR FREQUENCY DENSITY RUN 43b 

ERROR NO. OF PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 1 1 9.09 
1- 2 3 27.27 
2- 3 1 9.09 
4- 5 '1 9.09 
5- 6 3 27.27 
6- 7 1 9.09 

10- 11 1 9.09 

. 
CUMULATIVE ERHORS RUN 43b \ 

ERROR 

1 
2 
3 
4 
5 
6 
7 
a 
9 

10 
11 

NO. OF SAMPLES PERCENT OF SAMPLES 
LT ERROR LT ERROR 

1 
4 
5 
5 
6 
9 

10 
10 
10 
10 
11 
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9.09 
36.36 
45.45 
45.45 
54.55 
81.82 
90.91 
90.91 
90.91 
90.91 
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4.2.2 AVM System (Pseudo Checkpoint) Results 

This subsection contains a complete output listing of the FRSYS program 
corresponding to Fixed Route Run 28. This is followed by the error frequency 
density and cumulative error tabular outputs of FRSYS for all other fixed route 
runs. Data corresponding to the case of "no communication" 'errors and to the 
case in which 5 percent communication errors are simulated are presented. In 
the cases of Runs 24, 34,40, and 43, at least three sheets are provided. The 
first sheet is the results obtained by processing the raw data through FRSYS. 
The second sheet contains the results computed manually for fuose pseudo 
checkpoints which could not be processed by FRSYS due to tape read errors. 
The third sheet contains the overall resulting errol' statistics. The last sheet 
in the sub section contains the results of imposing a 5 percent communication 
error rate on the manually computed data. 
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A VM SYSTEM TEST RESULTS, RUN 28 
HUN ,go 213 SYSTEM LOCATION Er~H()r~!3 (NO CCJ1·111UN I CAT:r: ON E]:~ fW F~ S ) 

PCP ()DOM TH1E FIFTH STSEG SSG5 AVM X {WM Y nLF X r~EF-' y EI:~nOH 

1 396. o D1. 0 394. 3 CP 1 12~596 44~~5 124j~3 4414 27 
2 556. 0:51.0 554. 3 CF' 1 12378 42'76 12389 4256 .22 
3 994. 1:11.0 998. 4 TA 3 12370 3874 12375 3873 5 
4 1332. 1:31.0 1334. 4 TA 3 12705 3831 12707 3821 10 
5 1664. 1:51.0 1666. 4 CF' 2 13035 3787 13027 3775 14 
6 1964. 2!:J.1. 0 1968. 4 CF' 2 1~~332 3748 13327 3736 13 
7 2474. 2: 31. 0 2476. 4 CF' 3 13838 3682 13822 3674 17 
8 2970. 2 :51.0 2970. 4 CP 3 14330 3618 14312 3613 18 
9 3120. 3:11.0 ~H22. 4 CF' 3 14479 3598 14463 3~595 16 

10 3120. 3:31.0 3122. 4 CF' 3 14479 3598 14463 3595 16 
11 3356. 3:51.0 3356. 4 CF' 3 14713 3568 146(,5 3566 18 
12 3650. 4:11.0 3652. 5 CF- 4 15010 3522 15016 3521 6 
13 3774. 4 :31.0 3776. 5 CP 4 15132 3500 1~j138 :3499 6 
14 4128. 4:51.0 4134. 6 TA 4 15240 3771 15242 378B 17 
15 4272. 5:11.0 4278. 6 TA 4 15260 3913 15262 3930 17 
16 4272. 5:31.0 4278. 6 TA 4 15260 3913 15262 3~\30 17 
17 4524. 5 :51.0 4532. 6 CP 5 15295 4163 15305 4~~37 74 
18 4792. 6:11.0 4802. 6 CF' 6 15332 4428 15336 4458 30 
19 5166. 6:31.0 5178. 6 CF' 6 15384 4799 1~)3?8 4!3~,2 33 
20 51b6. 6:51.0 5178. 6 CF' 6 15384 4799 15378 4832 33 
21 5428. 7:11.0 5438. 6 CP 7 15420 5058 15419 5:l02 44 
22 5862. 7:31.0 5872. 6 CF' 8 15480 5488 15488 5554 66 
23 6236. 7 :51.0 6248. 6 CF' 8 15532 5859 15537 5(726 68 
24 6458. 8:11.0 6468. 6 CF' 8 15562 6078 15566 6145 67 
25 6600. 8:31.0 6612. 6 CP 8 15582 6219 1~'5585 6287 68 
26 6670. 8:51.0 6680. 6 CF' 8 15592 6288 15593 6:355 6'7 
27 7114. 9:11.0 7124. 6 CF' 8 15653 6728 15651 6795 67 
28 7648. 9:31.0 7660. 6 CF' 8 15727 "/'257 1~j722 7326 69 
29 8178. 9:51.0 8190. 6 CP10 15800 7781 15808 7832 51 
30 8538. 10:11.0 8548. 6 CP11 15850 8138 15856 8176 38 
31 8910. 10:31.0 8922. 7 CF'l1 15904 8526 1590f:l 13547 21 
32 9316. 10:51.0 9328. 7 CP11 15960 8928 15964 8949 21 
33 9596. 11:11.0 9608. 7 CF'11 15999 9206 16003 9226 20 
34 9926. 11:31.0 9938. 7 CF'12 16044 9533 16056 9608 75 
35 9934. 11:51.0 9946. 7 CF'12 16046 9541 16057 9616 75 
36 9934. 12:11.0 9946. 7 CP12 16046 9541 16057 9616 :75 
37 10186. 12::11.0 10194. 8 TA 5 16185 9660 1.6276 9c)45 92 
38 10248. 12:51.0 10256. 8 TA 5 16247 9655 163~;)El 96313 92 
39 10660. 13:11.0 10668. 8 CP13 16658 9623 16760 9594 106 
40 11088. 13:31.0 11096. 8 CP14 17085 9590 ln72 9564 90 
41 11580. J3!51.0 11588. 8 CP15 17575 9552 176~56 9525 66 
42 l2068. 14:11.0 1~076. 8 CP16 18062 9514 18114 9510 52 
43 12656. 14:31.0 12658. 9 TA 6 18113 8975 1Bl04 8940 36 
44 13172. 14:51.0 13176. 9 CP1? 18112 8459 18104 837El 81 
45 13570. l5!11.0 13572. 10 CF'18 18094 7965 18061 ·7,(80 36 
46 13722. 15:31.0 13724. 10 CP18 18070 7815 18042 7829 31 
47 13722. 15:51.0 13724. 10 CF'18 18070 7El15 113042 7829 ~51 

48 13984. 16:11·.0 13988. 10 CF'18 18028 7556 18007 7567 23 
49 14286. 16:31.0 14292. 10 CF'18 17981 7258 17968 7:~66 15 
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A VM SYSTEM TEST RESULTS, RUN 28 (CONT'D) 
PCP ODClM TIME FIFTH STSEG SSG5 AVM X AVM Y I:~EF X I:~EF y EFmOF~ 

50 :1,4740. 16:51.0 14744. 11 CF'19 :J.7907 681~5 1'7914 b134B 3~5 

51 1.f':i040. P!:I,1.0 1::50:~8 • 11 TA 7 17609 1.)849 1'7b68 6844 :59 
52 :l5:~40 • :1. 7 : ~3:1. • 0 1~5:'336. 11. TA 7 :l7~Hl 68fJ5 1'7372 6BIB 61 
53 151.)48. 1'7:~51.0 1~:'j636 • 11 TA 7 17005 6922 170'75 69~!2 70 
54 15938. 1.8:11.0 151tlB. :1.1 TA 7 16717 6957 16795 6959 78 
55 16200. 18:31.0 16180. 11 CF'20 16457 69FJ8 16490 6 1198 34 
56 16570. 18:51.0 16544. 11 CF'20 lIJ090 '7033 16129 7042 '.40 
57 16990. 19:11.0 169~)B • 11 CF'20 156'73 7083 15718 7091 45 
58 17260. 19:31.0 17228. 11 CF'20 :1.5404 7116 15450 7123 46 " 
59 17568. 19:51.0 17538. 11 CF'20 15099 7153 15142 7160 43 
60 17572. 20: 11 • () 17544. 11 CP20 :l5095 '71::,)3 15136 7161 41 
61 17874. 20:31.0 17838. 11 CP21 14795 7189 14842 7195 47 
1.)2 :1,8080. 20:51..0 18042. 11 CP21 :l4:590 7214 146:39 '7218 49 
63 18080. 21:11.0 18042. 11 CF'21 14590 '7214 14639 '7218 49 
64 18392. 21:31.0 18342. 1.1 CP21 :l4281 7252 14341 7253 60 
65 18528. 21!51.() 18480. 11 CP22 141.45 726B 14154 '7270 9 
66 18528. 22: 11. () 18480. 11 CP22 14145 72b8 14:1.54 '7270 9 
67 18654. 22:31.0 18604. 12 CF':'~2 14058 7276 14030 7281 28 
68 19140. 22:51.0 19074. 13 TA 8 13618 7409 13609 7412 9 
69 19604. 23: 11. 0 19538. 13 CF'23 13305 7752 13286 7750 19 
70 20126. 23:31.0 20060. 14 H~ 9 12931 8115 12909 8135 29 
71 20214. 23:51.0 20150. 14 TA 9 :1.2865 8173 12841 8194 31 
72 20584. 24 :11. 0 20520. 1.5 TA10 12591 842:1. :1.2661 8354 9"6 
73 20692. 24:31.0 20630. 15 TA10 12511 8494 12!:'i79 13428 94 
74 20856. 24:51.0 20792. 1.5 CP24 :L2391 13605 12435 8560 62 
75 21592. 25:11. 0 215~52 • 15 CF'24 111350 9104 11894 9065 :58 
76 22134. 25: 31. 0 22074. 15 CP25 11.451 9471 11493 9437 54 
77 22716. 25:51.0 22654. 16 CP25 110'78 9892 11065 9828 65 .. 
78 23174. 26!11.0 23108. 17 TAU 11171 10238 :1.:1.173 10111 :1.27 
79 23268. 26:31.0 23200. 17 TAll 1:1.229 10312 1:1.199 10:L 99 116 
80 23596. 26:51.0 23526. 18 TA12 :Ll~)51 10278 115~~9 10277 22 
8:1. 23748. 27:11.0 23678. 18 TA12 11701 10258 11680 1.0255 21 
82 24138. 27:31.0 24070. 1B lA12 12088 10207 1::!()68 1(H98 21 
83 24202. 27:5;1..0 24134. 18 TA12 12:1.52 1.0198 12131 10189 22 
84 24326. 28: 11. 0 24258. 18 CP26 :t2~~74 10182 12286 1.0166 20 
85 24744. 28:31.0 24676. 18 CP26 12689 10127 :l2700 10104 25 
86 24760. 28:51.0 24690. 18 CF'26 12705 10125 12714 10101 ':)1::' 

.:;.;:;} 

87 25210. 29: 11.0 25140. 18 CF'27 :1.3151 1001.>6 1~3170 .10046 27 
88 25634. 29:31.0 25562. 19 TA13 13136 9c)B5 13:1.42 9650 35 
89 25994. 29:51.0 25920. 19 CF'28 130131 9329 1308::'i 9263 66 
90 26216. 30: 11 .0 26:1.44. 19 CF'28 13047 9110 13052 9041 69 
91 26380. 30:31.0 26310. 19 CP29 13021 8948 13()27 13901 47 
92 26776. 30:51.0 26708. 19 CF'29 12960 8557 12957 8509 48 
93 26986. 3Ul1.0 26916. 19 CP29 12928 8349' 12921 8304 45 
94 27330. 31:31.0 27262. 20 TA14 12902 8006 12900 ~~971 35 
95 27748. 31:51.0 27684. 21 TA:J.5 13083 7757 13028 7765 55 
96 27902. 32: 11.0 27838. 21 TA15 13236 '7734 13180 7742 56 .-.1 

97 27902. 32:31.0 27838. 21 TA:lS 13236 7734 1318() 7742 56 
98 28164. 32:51.0 28102. 21 TAl5 13495 7695 13441 7702 54 
99 28548. 33: 11.0 28486. 21 CP30 13875 7(.,38 13768 7654 108 

100 28934. 33:31.0 28870. 22 CF'30 14200 7595 14149 76()9 52 
101 29228. 33:51.0 29166. 22 CP30 14492 7560 14443 7575 ~'H ... 
:1.02 29512. 34: 11. () 29450. 22 CP30 14774 7526 14725 7541 ::'i1 
103 29852. 34:31.0 29786. 22 CF'30 15111 7486 15059 7502 54 
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AVM SYSTEM TEST RESULTS, RUN 28 (CONT'D) 
PCP aDaM TIME FIFTH STSEG SSG5 AUM X· AUM Y REF X REF Y ERROR 
j04 30368. 34:51.0 30304. 22 CP3l lS624 7424 1~A03 7~35 ~3 
1 0 ~:; ::)0 B ~';::~. ;:~:::i! 11 • (;0 ;~O"7U (;, < 2~~~ Cr:·;3;;~ :I. c) 1 04 /'~5() 6 :I (,()6:1. /' :3!.J:l 4 :., 
:1.06 31354. 35:31.0 31288, 22 CP32 16603 7306 16561 7332 q~ 

107 31640. 35:51.0 31S74. 22 CP33 :1.6887 7272 :1.6856 729J 37 
108 3:1.752. 36:11.0 31686. 22 CP33 16998 7258 16967 7278 36 
109 31752. 36:3:1..0 31686. 22 CP33 :1.6998 7258 :1.6967 7278 36 
110 31924. 36:5:1..0 31858. 22 CP33 17169 7238 17:1.38 7254 34 
111 32160. 37:11.0 32094. 22 CP33 17403 7210 17371 J221 33 
112 32470. 37:31.0 32402. 22 CP34 17711 7173 17663 7174 48 
113 32936. 37:51.0 32868. 22 CP34 18173 7117 18122 7093 56 
114 33484. 38:11.0 33416. 22 CP35 18"717 7051 18636 7044 81 
115 33624. 38:31.0 33558. 23 CP35 18826 7013 18778 7039 54 
116 33740. 38;51.0 33668. 23 TA16 18803 6899 18823 6974 77 
117 34198. 39:11.0 34128. 24 TA16 18719 6469 18762 6518 65 
118 34368. 39:31.0 34296. 24 TA16 18704 6299 18740 6~52 64 
119 34858. 39:51.0 34786. 24 TA16 18660 5812 18676 5866 56 
120 35202. 40:11.0 35124. 25 TA17 18504 5625 18511 5626 7 
121 35426. 40:31.0 35348. 25 CP36 18281 5653 18250 5663 32 
122 35722. 40:51.0 35642. 25 CP36 17988 5691 17959 5"703 31 
123 35792. 41:11.0 35712. 25 CP36 17918 5700 17889 5712 31 
124 35792. 41:31.0 35712. 25 CP36 17918 5700 17889 5712 31 
125 35842. 41:51.0 35762. 25 CP36 17869 5706 17840 5719 ~1 
126 35842. 42:11.0 35762. 25 CP36 17869 5706 17840 5719 3:1. 
127 35986. 42:31.0 35906. 25 CP37 17726 5724 17757 5730 31 
128 36236. 42:51.0 36156. 25 CP37 17478 5706 17509 5762 31 
129 36352. 43:11.0 36274. 25 CP37 17363 5771 17392 5777 29 
130 36722. 43:31.0 36642. 25 CP37 16996 5818 17027 5824 31 
131 36762. 43:51.0 36682. 25 CP37 16956 5823 16987 5829 31 
132 37194. 44:11.0 37114. 25 CP38 16528 5877 16534 5884 9 
133 37224. 44:31.0 37146. 25 CP38 16498 5881 16502 5888 8 
134 37348. 44:51.0 37268. 25 CP39 .16~75 5897 16389 5902 14 
135 37676. 45:11.0 37596. 25 CP39 16050 5938 16064 5946 16 
136 37676. 45:31.0 37596. 25 CP39 16050 5938 16064 5946 16 
137 37676. 45:51.0 37596. 25 CP39 16050 5938 16064 5946 16 
138 37716. 46:11.0 37636. 25 CP39 16010 5943 16024 5951 16 
139 37764. 46:31.0 37684. 25 CP39 15963 5949 15977 5957 16 
140 38118. 46:51.0 38038. 25 CP40 15611 5994 15621 6005 14 
141 38118. 47:11.0 38038. 25 CP40 15611 5994 15621 6005 14 
142 38304. 47:31.0 38222. 25 CP40 15427 6018 15437 6023 11 
143 38390. 47:51.0 38312. 25 CP40· 15342 6029 15348 6031 6 
144 38390. 48:11.0 38312. 25 CP40 15342 6029 15348 6031 6 
145 38390. 48:31.0 38312. 25 CP40 15342 6029 15348 6031 6 
146 38522. 48:51.0 38440. 26 TA18 15237 6065·15235 6056 9 
147 38712. 49:11.0 38628. 26 TA18 15266 6253 15259 6243 12 
148 38856. 49:31.0 38774. 28 TA19 15274 6380 15239 6385 35 
149 39000. 49:51.0 38922. 28 TA19 15131 6401 15092 6406 39 
150 39438. 50:11.0 39358. 28 TA19 14697 6464 14661 6469 36 
151 39682. 50:31.0 39608. 29 TA20 14652 6241 14653 6252 11 
152 39736. 50:51.0 39662. 29 TA20 14645 6188 14647 6199 11 
153 40088. 51:11.0 40016. 29 TA21 14601 5838 14628 5785 59 
154 40512. 51:31.0 40436. 31 TA22 14880 5682 14881 5694 12 
155 40870. 51:51.0 40796. 31 TA22 14835 5327 14832 5337 10 
156 41076. 52:11.0 41000. 31 CP43 14809 5122 14805 5116 7 
157 41196. 52:31.0 41122. 31 CP43 14794 5003 14792 4995 0 
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A VM SYSTEM TEST RESULTS, RUN 28 (CONT'D) 
PCP DDOM TIME FIFTH STSEG SSG5 AVM X AVM Y REF X REF Y ERROR 

158 41540. 52:51.0 41460. 32 TA23 14497 4991 14505 4985 ]0 
159 41572. 53:11.0 41494. 32 TA23 14465 q99~ 1~q72 1989 9 
160 41718. 53:31.0 41640. 32 TA23 14321 5014 14327 S005 10 
161 41946. 33:51.0 41864. 32 CP44 140Y4 5044 14029 5040 65 
162 42070. 54:11.0 41990. 32 CP44 13972 5060 13904 5059 68 
163 42070. 54:31.0 41990. 32 CP44 13972 5060 1~904 50~9 68 
164 42150. 54:51.0 42070. 32 CP44 13892 5070 13825 5071 67 
165 42666. 55:11.0 42586. 32 CP45 13381 5137 13314 5146 67 
166 43206. 55:31.0 43124. 32 CP46 12845 5208 12808 5206 37 
167 43708. 55:51.0 43628. 33 CP46 12305 5279 12308 5269 10 
168 43850. 56:11.0 43768. 33 CP46 12164 5299 12169 5287 13 
169 43860. 56:31.0 4J780. 33 CP46 12154 5300 12157 5288 12 
170 43916. 56:51.0 43836. 33 CP46 12099 5308 12101 5295 13 
171 44044. 57:11.0 43962. 33 CP46 11972 5325 11976 5311 14 
172 44428. 57:31.0 44350. 33 CP46 11592 5378 11592 53~9 19 
173 44454. 57:51.0 44376. 33 CP46 11566 5382 11566 5362 20 
174 4452[, Sa:l1.0 44448. 33 CP47 11495 5392 11480 5374 23 
175 44894. 58:31.0 44814. 33 CP47 11130 5443 11117 5425 22 
176 45288. 58:51.0 45210. 33 CP48 10740 5497 10699 5483 43 
177 45780. 59:11.0 45702. 33 CP49 10253 5565 10262 5542 24 
178 46334. 59:31.0 46256. 33 CP49 9704 5642 9714 5623 21 
179 46624. 59:51.0 46546. 33 CP50 9417 5682 9456 5660 44 
180 46830. 60:11.0 46752. 33 CP50 9213 5710 9252 5688 44 
181 46850. 60:31.0 46772. 33 CP50 9193 5713 9232 5690 45 
182 47366. 60:51.0 47290. 33 CP51 8682 5784 8648 5769 37 
183 47938. 61:11.0 47862. 33 CP52 8116 5863 8133 5841 27 
184 48462. 61:31.0 48386. 34 CP52 7578 5917 7613 5906 36 
185 48864. 61:51.0 48782. 35 TA24 7518 6211 7504 6217 15 
186 49040. 62:11.0 48960. 35 TA24 7548 6385 7526 6394 23 
187 49092. 62:31.0 49012. 35 TA24 7557 6436 7532 6446 26 
188 49558. 62:51.0 49478. 35 CP53 .7636 6896 7643 6934 38 
189 49748. 63:11.0 49662. 36 TA25 7708 7028 7778 7019 70 
190 50168. 63:31.0 50084. 36 TA25 8124 6973 8197 6964 73 
191 50628. 63:51.0 50544. 36 CP55 8580 6913 8653 6907 73 
192 50722. 64:11.0 50638. 36 CP55 8674 6901 8746 6896 72 
193 51150. 64:31.0 51066. 36 CP55 9098 6844 9171 6845 73 
194 51626. 64:51.0 51542. 36 CP56 9570 6782 9638 6774 68 
195 51906. 65:11.0 51822. 36 CP57 9847 6745 9911 6728 66 
196 52484. 65:31.0 52404. 36 CP57 10420 6670 10489 6654 70 
197 52990. 65:51.0 52908. 36 CP57 10922 6603 10989 6590 68 
198 53226. 66:11.0 53146. 37 CP57 11156 6573 11225 6560 70 
199 53268. 66:31.0 53186. 37 CP57 11197 6567 11264 6555 68 
200 53316. 66:51.0 53234. 37 CP57 11245 6561 11312 6549 68 
201 53734. 67:11.0 53650. 37 CP57 11660 6506 11725 6496 65 
202 54236. 67:31.0 54154. 37 CP58 12157 6441 12179 6439 22 
203 54724. 67:51.0 54640. 37 CP59 12641 6377 12693 6386 52 
204 55202. 68:11.0 55118. 37 CP60 13115 6315 13136 6324 22 
205 55618. 68:31.0 55534. 37 CP61 13528 6260 13568 6255 40 
206 55990. 68:51.0 55902. 38 TA26 13519 5923 13493 5894 38 
207 56110. 69:11.0 56024. 38 TA26 13503 5804 13470 5774 44 
208 56378. 69:31.0 56290. 38 CP62 13468 5538 13427 5468 81 ... 
209 56618. 69:51.0 56530. 38 CP62 13436 5300 13399 5230 79 
2fO 56990. 70:11.0 56900. 38 CP63 13387 4931 13374 4864 68 
2tl 57238. 70:31.0 57154. 39 TA27 13378 4704 13461 4695 83 
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--------- -- -- ---------------~ -

A VM SYSTEM TEST RESULTS, RUN 28 (CONT'D) 
PCP OD(JM TIME FIFTH STSEG !3SG5 AVM X AVM Y r~EF X F~EF Y EJmOF~ 
212 :57488. 70:51.0 57402. 39 TA::;'7 136::~6 4669 13708 4674 8") "-
213 57604. 71:11.0 575Hl. 39 CP65 13741 4653 1~~830 4660 139 
214 57980. 71:31.0 57894. 39 CP65 14113 4601 14201 460() 8/3 
21,5 58400. 71:51.0 58312. 40 CF'66 14609 4535 :1.4620 4541 1~:; 

216 58436. 72: 11. 0 5B348. 40 CP66 14644 4531 14655 4536 12 ,. 21,7 58436. 72:31.0 58348. 40 CP66 14644 4531 14655 4536 12 
218 58766. 72:51.0 58678. 40 CF'66 14972 4489 14982 4490 10 
219 59318. 73 :11. 0 59232. 40 CF'66 15520 4419 15531 4414 12 
220 59510. 73: 31. 0 59424. 40 CF'66 15710 4395 15721 4387 13 
221 59724. 73:51.0 59640. 40 CF'67 15922 4368 15931 4366 9 
222 6014(). 74:11.0 60056. 40 CF'68 16335 4316 ;1.6337 4319 3 
223 60334. 74:31.0 60250. 40 CP68 16528 4291 16529 4290 1 
224 60724. 74:51.0 60638. 40 CF'68 16915 4242 16913 4233 9 
225 608~i2 • 75: 11. 0 60766. 40 CF'68 17042 4226 17040 4214 12 
226 60908. 75:31.0 60822. 40 CP69 17097 4219 17128 4201 35 
227 61318. 75:51.0 6l232. 40 CF'69 17504 4168 17537 4163 33 
228 61348. 76:11.0 61262. 40 CF'69 17534 4164 17567 4160 33 
229 61692. 76:31.0 61600. 41 TA28 17509 3847 17506 3833 14 
230 61764. 76:51.0 61674. 41 TA28 17498 3775 17494 3760 15 
231 62166. 7'7:11.0 62076. 42 CP70 17437 3332 17447 337~! 41 
232 62470. 77 :31.0 62382. 43 TA29 17584 3173 17554 3177 30 
233 62698. 77:51.0 62612. 43 TA29 17811 3152 17783 3155 28 
234 63026. 78: 11.0 62940. 43 TA29 18137 3121 18110 3125 27 
235 63188. 78:31.0 63102. 43 TA29 18299 3106 18271 3110 29 
236 63486. 78:51.0 63398. 43 TA29 18595 3078 18566 3083 29 
237 63770. 79: 11.0 63686. 44 TA30 18766 3190 18759 3183, 11 
238 63938. 79:31.0 63852. 44 TA30 18796 3356 18768 3347 20 
239 64138. 79:51.0 64050. 44 TA30 18809 3555 18780 3545 30 
240 64428. 80:11.0 64340. 44 CP72 18843 3843 18B20 ~~816 35 

"" 241 64806. 80:31.0 64716. 44 CF'72 18888 4218 18876 4187 33 
242 65110. 80:51.0 65024. 45 TA31 18830 4446 18844 4443 14 
243 65444. 81:11.0 65358. 45 TA31 18498 4485 18511 4474 17 
244 65636. 81:31.0 65548. 45 CF'73 18308 4507 18319 4499 13 
245 65940. 81:51.0 65852. 45 CP73 18006 4543 18018 4541 12 
246 66294. 82 :11. 0 66204. 45 CP73 17654 4584 17669 4590 16 
247 66514. 82:31.0 66424. 45 CP74 17435 4610 17479 4613 44 
248 66772. 82:51.0 66684. 45 CP74 17179 4640 17221 4644 42 
249 66772. 83: 11.0 66684. 45 CF'74 17179 4640 17221 4644 42 
250 66828. 83:31.0 66742. 45 CF'74 17123 4646 17164 4650 41 
251 67270. 83:51.0 67184. 45 CP75 16684 4698 16696 4706 14 
252 67560. 84:11.0 67474. 45 CF'75 16396 4731 16408 4746 19 
253 67686. 84:31.0 67598. 45 CP75 16271 4746 16286 4763 22 
254 67688. 84:51.0 67602. 45 CF'75 16269 4746 16282 4764 22 
255 67972. 85:11.0 67886. 46 CP75 16060 4771 16000 4803 68 
256 68128. 85:31.0 68042. 46 CP75 15905 4793 15846 4824 66 
257 68128. 85:51.0 68044. 46 CP75 15905 4793 15844 4825 68 
258 68128. 86: 11. 0 68044. 46 CP75 15905 4793 15FJ44 4825 68 
259 68452. 86:31.0 68368. 46 CF'76 15584 4839 15542 486() 46 
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A VM SYSTEM TEST RESULTS. RUN 28 (CONTID) 

EF~r~()R FRE(JUENCY DENSITY EF.:R()R FREQUENCY DENSITY 

ERROR NO. PERCENT DF Er.;rWR NO. PERCENT OF 
INTEF~VAL SA11PLES SAMPLES INTERVAL SAMPLES SAMPLES 

0- 10 20 7.72 0- 10 20 7.72 
10- 20 53 20.46 10- 20 52 20.08 
20- 30 35 13.51 20- 30 34 13.13 
30- 40 43 :1.6.60 30- 40 43 16.60 
40- 50 27 1().42 40- 50 26 10.04 
50- 60 :1.8 6.95 50- 60 20 7.72 
60- 70 32 :1.2.36 60- 70 33 12.74 
70- 80 15 5.79 70- 80 14 5.41 
80- 90 7 2.70 80- 90 7 2.70 
90- 100 5 1.93 90- 100 5 1.93 

100- 110 2 0.77 100- 110 2 0.77 
110- 120 1 0.39 110- 120 1 0.39 
120- 130 1 0.39 120- 130 2 0.77 

CUMULATIVE EI:;:FWRS CUMULATIVE EFmORS 

ErmOR :1: SAMPLES F'EI:;:CENT SAMPLES ERROR :t SAMPLES PERCENT SAMPLES 
LT ErmOR LT ErmOR LT ERROR LT ERROH 

10 20 7.72 10 20 7.7.2 
20 73 28.19 20 72 27.80 
30 108 41.70 30 106 40.93 
40 151 58.30 40 149 57.53 

" 50 178 68.73 50 175 67.57 
60 196 75.68 60 195 75.29 
70 226 88.03 70 228 88.03 
80 243 93.82 80 242 93.44 
90 250 96.53 90 249 96.14 

100 255 98.46 100 254 98.07 
110 257 99.23 110 256 98.84 
120 258 (79.61 120 257 99.23 
130 259 100.00 130 259 100.00 

AVERAGE ERROR = 39.30 AVERAGE ERROR = 39.85 
STANDARD DEVIATION = 25.12 STANDARD DEVIATION = 25.60 
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FIXED ROUTE A VM SYSTEM RVN 11 

LOCATION ERROR IN FEET 

NO COMMUNICA TION lRRORS 
, . -

ERROR FREQUENCY DENSITY RUN 11~ 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

,0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 6() 
60- 70 
70- 80 
80- 90 
90- 100 

20 6.51 
46 14.98 
38 12.38 
32 10.42 
42-:-"- 13.68 
23 7.49 
24 7.82 
28 9~12 
30 S'.77 

100- 110 
110- 120 
120- 130 
150- 160 
210- 220 

7 2.28 
5 1.63 
5 1.63 
4 1.30 
2 0.65 
1 0 .. 33 

CUMULATIVE ERRORS RUN lla \ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 20 
20 66 
30 104 
40 136 
50 178 
60 201 
70 225 
80 253 
90 283 

100 290 
110 295 
120 300 
130 304 
140 304 
150 304 
160 306 
170 306 
180 306 
190 306 
200 306 
210 306 
220 307 

, AVERAGE ERROR = 
STANDARD DEVIATION = 
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6.51 
I 21.50 

33.88 
44.30 
57.98 
65.47 
73.29 
82.41 
92.18 
94.46 
96.09 
97.72 
99.02 
99.02 
99.02 
99.67 
99.67 
99.67 
99.67 
99.67 
99.67 

100.00 
48.96 
31.68 



FIXED ROUTE AVM SYSTEM RUN 11 
LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN llb I 

ERROR NO. PERCENT OF • 
INTERVAL SAMPLES SAMPLES 

0- 10 20 6.51 
10- 20 46 14.98 
20- 30 39 12.70 

.30- 40 35 11.40 
40- 50 42 13.68 
50- 60 22 7.17 
60- 70 22 7.17 
70- 80 26 8.47 
80- 90 30 9.77 
90- 100 8 2.61 

100- 110 5 1.63 
110- 120 5 1.63 
120- 130 4 1.30 
150- 160 2 0.65 
230- 240 1 0.33 

CUMULATIVE ERRORS RUN llb\ ... 

ERROR :I SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

., 
10 20 6.51 
20 66 21.50 
30 105 34.20 
40 140 45.60 
50 182 59.28 

.. 60 204 66.45 
70 22~j 73.62 
80 252 82.08 
90 282 91.86 

100 290 94.46 
110 295 96.09 
120 300 97.72 
130 304 99.02 
140 304 99.02 
150 304 99.02 
160 306 99.67 
240 307 100.00 

AVERAGE ERROR = 48.63 
STANDARD DEVIATION = 32.02 

"~. 
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FIXED ROUTE A VM SYSTEM RUN 12 
LOCATION ERROR rn FEET 

~ NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 128 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 8 2.67 
10- 20 27 9.00 
20- 30 67 22.33 
30- 40 -- 26 - 8.67 -
40- 50 23 -7.67 
50- 60 39 13.00 
60- 70 33 11.00 
70- 80 20 6.67 
80- 90 17 5.67 
90- 100 15 5.00 

100- 110 14 4.67 
110- 120 7 2.33 
120- 130 2 0.67 
130- 140 1 0.33 
140- 150 1 0.33 

CUMULATIVE ERRORS RUN 12a 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 8 2.67 
20 35 11.67 
30 102 34.00 
40 128 42.67 
50 151 50.33 
60 190 63.33 
70 223 74.33 
80 243 81.00 
90 260 86.67 

100 275 91.67 
110 289 96.33 .. 120 296 98.67 
130 298 99.33 
140 299 99.67 
150 300 100.00 

AVERAGE ERROR = 51.48 
STANDARD DEVIATION = -30.28 
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FIXED ROUTE AVM SYSTEM RUN 12 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS ~ 

ERF\oR FREQUENCY DENSITY RUN 12b_ \ 

ERROR NO" PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 10 3.33 
10- 20 27 9.00 
20- 30 70 23.33 
30- 40 26 8.67 
40- 50 20 6.67 
50- 60 39 13.00 
60- 70 33 11.00 
70- 80 19 6.33 
80- 90 17 5+67 
90- 100 14 4.67 

100- 110 14 4.67 
110- 120 7 2.33 
120- 130 2 0.67 
130- 1.40 1 0.33 
140- 150 1 0.33 

CUMULATIVE ERRORS RUN 12b I 
ERROR i SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 10 3.33 
20 37 12.33 
30 107 35.67 
40 133 44.33 
50 153 51.00 
60 192 64.00 
70 225 75.00 
80 244 81.33 
90 261 87~00 

100 275 91.67 
110 289 96.33 
120 296 98.67 
130 298 99.33 
140 299 99.67 
150 300 100.00 

AVERAGE EF~ROR = 50.75 
STANDARD DEVIATION = 30.50 

,;.. 
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FIXED ROUTE A VM SYSTEM RUN 13 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 13 a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0-
10-
20-
30-
40-
50-
60-
70-
80-
90-

100-
110-
120-
130-
140-
170-
180-

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
~sq~, 
180~ ~ 

190 

10 
58 
23 
42 
43 
25 
15 
17 
22 

9 
4 
2 
5 
4 
2 
1 
1 

3.53 
20.49 
8.13 

14.84 
15.19· 
8.83 
5.30 
6.01 
7.77 
3.18 
1.41 
0.71 
1.77 
1. 41 
0.71 
0.35 
0.35 

CUMULATIVE EHFWRS RUN 1390 I 

ERROR • SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 10 3.'53 
20 ~ 68 24.03 
30 91 32.16 
40 133 47.00 
50 176 62.19 
60 201 71.02 
70 216 76.33 
80 233 82.33 
90 255 90.11 

100 264 93.29 
110 268 94.70 
120 270 95 t 'il 
130 275 97.17 
140 279 98·.59 
150 281 99.29 
160 281 99.29 
170 281 99.29 
180 282 '99.65 
190 283 100.00 

AVERAGE EI\ROR :: 48.78 
STANDARD DEVIATION :: 32.74 
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FIXED ROUTE A VM SYSTEM RUN 13 

LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 
j, 

ERROR FREQUENCY DENSITY RUN 13.b 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES ". 

0- 10 10 3.53 
10- 20 59 20.85 
20- 30 22 7.77 
30- 40 42 14.84 
40- 50 41 14.49 
50- 60 25 8.83 
60- 70 15 5.30 
70- 80 18 6.36 
80- 90 22 7.77 
90- 100 10 3.53 

100- 110 4 1.41 
110- 120 2 0.71 
120- 130 5 1.77 
130- 140 4 1.41 
140- 150 2 0.71 
170- 180 1 0.35 
180- 190 1 0.35 

I 

CUMULATIVE ERRORS RUN 13b\ 

ERROR i SAMPL.ES PERCENT SAMPLES 
LT ERROR LT EHROR 

10 10 3.53 
20 69 24.38 
30 91 32.16 
40 133 47.00 
50 174 6:1.. 48 
60 199 70.32 
70 214 75.62 
80 232 81.98 
90 254 89.75 

100 264 93.29 
liO 268 94.70 
120 270 95.41 
130 275 97.17 
140 279 98.59 ,.., 

150 281 99.29 
160 281 99.29 
170 281 99.29 
160 282 99.65 
190 283 100.00 & 

AVERAGE EFmOR = 48.98 
STANDARD DEVIATION = 32.93 
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FIXED ROUTE A VM SYSTEM RUN 14 

LOCATION ERROR IN FEET 

NO ~OMMUNICATION ERRORS 
,; 

ERROR FREQUENCY DENSITY RUNUa 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 9 3.85 
10- 20 34 14.53 
20- 30 44 18.80 
30- 40 33 14.10 
40- 50 32 13~68 

50- 60 18 7.69 
60- 70 17 7.26 
70- 80 12 5.13 
80- 90 14 5.98 
90- 100 11 4.70 

100- 110 9 3.85 
110- 120 1 0.43 

CUMULATIVE ERRORS RUN 14a I 
~ .. ERROR :t SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 9 3.85 
20 43 18.38 
30 87 37.18 
40 120 51.28 
50 152 64.96 
60 170 72.65 
70 187 79.91 
80 199 85.04 
90 213 91.03 

100 224 95.73 
110 233 99.57 
120 234 100.00 

... AVERAGE ERROR = 44.88 
STANDARD DEVIATION = 27.13 
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FIXED ROUTE A VM SYSTEM RUN 14 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 14b I .. 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 9 3.85 
10- 20 34 14.53 
20- 30 43 18.38 
30- 40 33 14.10 
40- 50 34 14.53 
50- 60 20 8+55 
60- 70 15 6+41 
70, 80 12 5.13 
80- 90 14 5.98 
90-- 100 10 4.27 

100- 110 9 3.85 
110- 120 1 0.43 

CUMULATIVE ERRORS RUN 14b I 

ERROR :t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

., 
10 9 3+85 

.. 20 43 18.38 
30 86 36.75 
40 119 50.85 
50 153 65.38 
60 173 73.93 
70 188 80.34 
80 200 85.47 

'90 214 91.45 
100 224 95.73 
110 233 99.57 
120 234 100.00 

AVERAGE ERROR = 44.74 
STANDARD DEVIATION = 26.86 '. 
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.. FIXED ROUTE AVM SYSTEM RUN 15 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 
'O' 

ERROR FREQUENCY DENSITY RUN 15a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 9 4.11 
10- 20 38 17.35 
20- 30 29 13.24 
30- 40 38 17.35 
40- 50 34 15.53 
50- 60 14 6.39 
60- 70 17 7.76 
70- 80 4 1.83 
80- 90 9 4.11 
90- 100 7 3.20 

100- 110 5 2.28 
110- 120 5 2.28 
120- 130 8 3.65 
130- 140 2 0.91 

CUMULATIVE ERRORS RUN 15a 

ERROR :J: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 9 4.11 
20 47 21.46 
30 76 34.70 
40 114 52.05 
50 148 67.58 . 
60 162 73.97 
70 179 81.74 

.,.- 80 183 83.56 
90 192 87.67 

100 199 90.87 
110 204 93.15 
120 209 95.43 
130 2:t7 99.09 

.I'- 140 219 100.00 
AVERAGE ERROR = 46.14 
GTANDARrt DEVIATION = 31.47 
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FlXED ROUTE A VM SYSTEM RUN 15 

LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 15b 

ERF\oR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 8 3.65 
10- 20 42 19.18 
20- 30 30 13..70 
30- 40 36, 16.44 
40- 50 31 14.16 
50- 60 13 5.94 
60- 70 18 8.22 
70- 80 4 1.83 
80- 90 9 4.11 
90- 100 8 3.65 

100- 110 5 2.28 
110- 120 5 2.28 
120- 130 8 3.65 
130- 140 2 0.91 

CUMULATIVE ERRORS RUN 15b 

ERROR :1: SAMPLES PERCENT SA~1PLES 
LT ERROR LT ERROR 

10 8 3.65 
20 50 22.83 
30 80 36.53 
40 116 52.97 
50 I 147 67.12 
60 160 73.06 
70 178 81.28 
80 182 83.11 
90 191 87.21 

100 199 90.87 
110 204 93.15 
120 209 95.43 
130 217 99.09 
140 219 100.00 

AVERAGE ERROR = 46.05 
STANDARD DEVIATION = 31.94 

4-164 

.,<, 



.. 

.. 

... 

'If 

, 

FIXED ROUTE AVM SYSTEM RUN 16 

LOCATION ERROR IN FEET 
NO COMMUNICNrION ERRORS 

ERROR FREQUENCY DENSITY RUN 16a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 7 3.50 
10- 20 41 20.50 
20- 30 30 '15.00 
30- 40 31 15.50 
40- 50 31 15.50 
50- 60 21 10.50 
60- 70 10 5000 
70- 80 8 4~00 

80- 90 11 5.50 
90- 100 4 2.00 

100- 110 3 1.50 
120- 130 3 1.50 

CUMULATIVE ERRORS RUN 16a 

ERROR :t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 7 3.50 
20 48 24~00 

30 78 39.00 
40 109 54.50 
50 140 70.00 
60 161 80.50 
70 171 85.50 
80 179 89.50 
90 190 95.00 

100 194 97.00 
110 197 98&50 
120 197 98.50 
130 200 100.00 

AVERAGE ERROR = 41 .. 22 
STANDARD DEVIATION = 25.23 
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FlXED ROUTE A VM SYSTEM RUN 16 

LOCATION ERROR IN FEET .. 
5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN I6b .. 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 0 4.00 
10- 20 41 20.50 
20- 30 29 14.50 
30- 40 31 15.50 
40- 50 32 16.00 
50- 60 21 10.50 
60- 70 :t.1 5.50 
70- 80 8 4.00 
80- 90 9 4.50 
90- 100 4 2.00 

100- 110 3 1.50 
120- 130 3 1.50 

\ 

.. 
CUMULATIVE ERRORS RUN 16h 

- - ._- --.-

ERROR :t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 8 4.00 
20 49 24.50 
30 78 39.00 
40 109 54.50 
50 141 70.50 
60 162 81.00 
70 173 86.50 
80 181 90.50 
90 190 95.00 

100 194 97.00 
110 197 98.50 
120 197 98.50 
130 200 100.00 

AVERAGE ERROR = ~0.78 
STANDARD DEVIATION = 24.95 

4··166 



FIXED ROUTE AVM SYSTEM RUN 17 

LOCA nON ERROR IN' FEET 

NO COMMUNICATION ERRORS 
.. 

ERFWR FREQUENCY DENSITY RUN 17a 

EFa-WR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

'" 
0- 10 24 9.20 
10~ 20 31 11.88 
20- 30 49 18.77 
30- 40 41 15.71 
40- 50, 33 . 12.64 
50- 60 10 3.83 
60- 70 19 7.28 
70- 80 11. 4.21 
80- 90 16 6.13 
90- 100 19 7.28 

100- 110 2 0.77 
110- 120 3 1.15 
120- 130 3 1.15 

CUMULATIVE EF~RORS RUN 17a 
, 
I , 

ERr\Dr~ :jJ: SAMPLES PERCENT SAMPLES 
LT ERFWR LT ERROR 

10 24 9.20 
20 55 21.07 
30 104 39.85 
40 145 55.56 
50· ,. ·178 68.20 
60 188 72.03 
70 207 79.31 
80 218 83.52 
90 234 89.66 

100 253 96.93 
110 255 97.70 . 
120 258 98.85 
130 261 100.00 

~ AVERAGE EF~F~OR = 43.43 
STANDARD DEVIATION = 28.97 
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FIXED ROUTE AVM SYSTEM RUN 17 
LOCA TION ERROR IN FEET 

5% COM-MUNICA TION ERRORS 

ERROR FREQUENCY DENSITY RUN 17b I 
-

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90- 100 

100- 110 
110- 120 
120- 130 

2400-2410 

23 
32 
49 
41 
36 
10 
18 
11 
15 
17 

2 
3 
3 
1 

8.81 
12.26 
18.77 
15.7.1 
13.79 
3.83 
6.90 
4.21 
5.75 
6.51 
0.77 
1.15 
1.15 
0.38 

CUMULATIVE ERRORS _RUNl7.b I 
ERROR i SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 23 
20 55 
30 104 
40 145 
50 181 
60 191 
70 209 
80 220 
90 235 

100 252 
110 254 
120 257 
130 26Q 

2410 261 
AVERAGE ERROR = 
STANDARD DEVIATION = 
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8.81 
21.07 
39.85 
55.56 
69.35 
73.18 
80.08 
84.29 
90.04 
96.55 
97.32 
98.47 
99.62 

-100.00 
51.89 

148.85 
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FIXED ROUTE AVM SYSTEM RUN 18 

LOCATION ERROR IN FEET 
.. NO COMMUNICA TION ERRORS 

ERROR FREQUENCY DENSITY RUN 18a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 2 0.69 
10- 20 28 9.69 
20- 30 33 11.42 
30- 40· 56 19.39 
40- 50 29 10.03 
50- 60 32 11.07 
60- 70 32 11.07 
70- 80 18 6.23 
80- 90 6 2.08 
90- 100 19 6.57 

100- 110 24 8 .. 30 
110- 120 1 0.35 
120- l:?iO 4 1.38 
130- 140 1 0.35 
140- 150 2 0.69 
300- ~10 1 0.35 
330- 340 1 0.35· 

CUMULATIVE ERRORS RUN 18a\ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR L.T ERROR 

~ 

10 2 0.69 
20 30 10.38 
30 63 21.80 
40 ·119 41.18 
50 148 51.21 
60 190 62.29 
70 212 73.36 
90 230 79.58 
90 236 91.66 

100 255 88.24 
110 279 96.54 
120 280 96.89 
130 284 98.27 

,c 140 285 98.62 
150 287 99.31 
310 288 99 .. 65 
320 288 99.65 
330 288 99.65 
340 289 100.00 

;.-
AVERAGE ERROR 55.91 = 
STANDARD DEVIATION = 37.01 
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FDCED ROUTE A VM SYSTEM RUN 18 
LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS \ 

ERROR FREQUENCY DENSITY ~UN 1Sb" 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 3 1.04 
10- 20 29 10.03 
20- 30 32 11.07 
30- 40 58 20.07 
40- 50 29 10.03 
50- 60· 29 10.03 
60- 70 33 11.42 
70- 80 18 6.23 
a-O- 90 6 2.08 
90- 100 19 6.57 

100- 110 23 7.96 
110- 120 1 0.35 
120- 130 4 1.38 
130- 140 1 0.35 
140- 150 2 0.69 
300- 310 1 0.35 
330- 340 1 0.35 

CUMULATIVE ERRORS RUN 18b\ 

ERROR t SAMPLES PEF~CENT SAMPLES 
LT ERROR LT ERROR 

10 3 1.04 l> 

20 32 11.07 
30 64 22.15 
40 122 42.21 
50 151 52.25 
60 180 62.28 
70 213 73.70 
80 231 79.93 
90 237 82.01 

100 256 88.58 
110 279 96.54 
120 280 96.89 
130 284 98.27 
140 285 98.62 
150 287 99.31 
160 287 99.31 
310 288 99.65 
320 288 99.65 
330 288 99.65 
340 289 100.00 ... 

AVERAGE ERROR = 55.37 
STANDARD DEVIATION = 37.12 
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FIXED ROUTE A VM SYSTEM RUN 21 
.. 

LOCA TION ERROR IN FEET 

NO COMMUNICATION ERRORS 

.., ERROR FREQUENCY DENSITY ~UN 21a I 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 26 9.56 
10- 20 48 17.65 
20- 30 62 22.79 
30- 40 46 16.91 
40- 50 ,12 4.41 
50- 60 9 3.31 
60- 70 12 4.41 
70- 80 17 6.25 
80- 90 7 2.57 
90- 100 12 4.41 

100- 110 2 0.74 
120- 130 10 3.68 
130- 14{1 5 1.84 
150- 160 1 0.37 

... 160- 170 3 1.10 

CUMULATIVE ERRORS RUN 21~ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 26 9.56 
20 74 27.21 
30 136 50.00 
40 182 66.91 
50 194 71.32 
60 203 74063 
70 215 79.04 
80 232 85.29 
90 239 87.87 

100 251 92.29· 
110 253 93.01 
120 253 93.01 
130 263 96.69 
140 268 99.53 
150 268 98.53 
160 269 98.90 
170 272 100.00 

AVERAGE ERROR = 42.59 
STANDARD DEVIATION = 35.55 
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FIXED ROUTE AVNI. SYSTEM RUN 21 

LOCA TION ERROR IN FEE{' 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY _RUN 21b I 
ERROR NO. PERCENT OF ~. 

INTERVAL SAMPLES SAMPLES 

0- 10 27 9.93 
10- 20 44 16.18 
20- 30 62 22.79 
30- 40 44 16.18 
40- 50 12 -4.41 
50- 60 11 4.04 
60- 70 14 5.15 
70- 80 17 6.25 
80- 90 8 2.94 
90- 100 12 4.41 

100- 110 2 0.74 
120- 130 10 3.68 
130- 140 4 1.47 
140- 150 1 0.37 
150- 160 1 0.37 
160- 170 3 1.10 

CUMULATIVE ERRORS RUN 21b 
..,. 

...... 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

i!-

10 27 9.93 
20 71 26.10 
30 133 48.90 
40 177 65.07 
50 189 69.49 
60 200 73.53 
70 214 78.68 
80 231 84.93 
90 239 87.87 

100 251 92.28 
110 253 93.01 
120 253 93.01 
130 263 96.69 
140 267 98.16 
150 268 98.53 
160 269 98~90 

170 272 100.00 
AVERAGE ERROR = 43.36 
STANDARD DEVIATION = 35.76 .. 
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FIXED ROUTE A VJM: SYSTEM RUN 22 

'~ LOCA TION ERBOR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUl~22a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLe:s SAMPLES 

0- 10 16 6.69 
10- 20 37 15.48 
20- 30 46' " 19.25 
30- 40 31 12.97 
40- 50 28 11.72 
50- 60 19 7.53 
60- 70 15 6.28 
"10- 80 14 5.86 
80- 90 9 3.77 
90- 100 6 2.51 

100- 110 3 1.26 
110- 120 4 1.67 
120- 130 2 0.84 
130- 140 8 3.35 
140- 150 2 0.84 

~ 

CUMULATIVE ERRORS RUN 22a 

ERROR ,. SAMPLES PERCENT SAMPLES 
~ LT ERROR LT ERROR 

10 16 6.69 
20 53 22.18 
30 99 41.42 
40 130 54.39 
50 1S8 66.11 
60 176 7::3.64 
70 191 79.92 
80 205 85.77 
90 214 89.54 

100 220 92.05 
110 223 93.:31 
120 227 94.98 
130 229' 95.82 .... 

237 99.16 140 
150 239 100.00 

AVERAGE ERROR = 45.50 
STANDARD DEVIATION = 33.20 

,. 
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FIXED ROUTE AVM SYSTEM RUN 22 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 22b I 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0-
10-
20-
30-
40-
50-
60-
70·· 
80-
90-

100-
110-
120-
130-
140-
150-

10 
20 
30 
40 
50 
60 
70 
80 
90 

100 . 
110 
120 
130 
140 
150 
160 

14 
36 
45 
32 
28 
17 
17 
13 

9 
7 
4 
5 
2 
7 
2 
1 

5.86 
15.06 
18.83 
13.39 
11.72 
7.11 
7.11 
5.44 
3.77 
2.93 
1.67 
2.09 
0.84 
2.93 
0.84 
0.42 

CUMULATIVE ERRORS RUN 22b 

ERROR • SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 14 
20 50 
30 95 
40 127 
50 155 
60 172 
70 189 
80 202 
90 211 

100 218 
110 222 
120 227 
130 229 
140 236 
150 238 
160 239 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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5.86 
20.92 
39.75 
53.14 
64.85 
71.97 
79.08 
84.52 
88.28 
91.21 
92.89 
94.98 
95.82 
98.74 
99.58 

100.00 
46.87 
33.78 



FIXED ROUTE AVM SYSTEM RUN 23 

.. LOCATION ERROR IN FEET 

NO COMMUNICA TION ERRORS 

ERROR FREQUENCY DENSITY RUN~3a\ 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 21 8.33 
10- 20 40 15.87 
20- ~O 38 15.08 
30- 40 31 1.2.30 
40- 50 27 10.71 
50- 60 Z~ 11.90 
60- 70 12 4.76 
70- 80 11 4.37 
80- 90 5 1.98 
90- 100 11 4.37 

100- 110 7 2.7.8 
110- 120 4 1.59 
120- 130 3 1.19 
130- 140 6 2.38 
140- 159, 1 0.40 
160- 170 4 1.59 

.~ 170- 180 1 0.40 

CUMULATIVE ERRORS RUN 23a \ 

ERROR * SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 21 8.33 
20 61 . 24 .• 21 
30 99 39.29 
40 130 51.59 
50 157 62.30 
60 187 74.21 
70 199 78.97 
80 210 83.33 
90 215 85.32 

100 226 89.68' 
110 233 92.46 
120 237 94.05 ... 130 240 95.24 
140 246 97.62 
150 247 98.02 
160 247 _ 98.02--
170 251 99.60 

JI 180 252 100.00 
tWERAGE ERROR = 47.70 
STANDARD DEVIATION = 36.82 
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FIXED ROUTE A VM SYSTEM RUN 23 

LOCNITON ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERFWR FREt~UENCY DENSITY RUN 23b .1 
--. --

.ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 21 8.33 
10- 20 40 15.87 
20- 30 36 14.29 
30- 40 31 12.30 
40- 50 27 10.71 
50- 60 29 11.51 
60- 70 11 4.37 
70- 80 13 5.16 
80- 90 5 1.98 
90- 100· 11 4.37 

100- 110 8 3.17 
110- 120 4 1.59 
120- 130 4 1.59 
130- 140 6 2.38 
140- 150 1 0.40 
160- 170 .. 4 1.59 
170- 180 1 0.40 

CUMULATIVE ERRORS . Rill!. 2~~ .1 

. ERROR :f: SAMPLES- PERCENT SAMPLES 
LT ERROR LT ERROR .• 

10 21 8.33 
20 61 24.21 
30 97 38.49 
40 128 50.79 
50 155 61.51 
60 184 73.02 
70 195 77.38 
80 208 82.54 
90 213 84.52 

100 224 88.89 
110 232 92.06 
120 236 93.65 
130 240 95.24 ;-!> 

140 246 97.62 
150 247 98.02 
160 247 98.02 
170 251 99.60 
180 252 100.00 

AVERAGE ERROR = 48.57 
STANDARD DEVIATION = 37.28 
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FIXED Rill TE AVM SYSTEM RUN 24 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY_ .RUN 24a\ 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 a 4.00 
10- 20 27 13.50 
20- 30 26 13.00 
30- 40 27 13.50 
40- 50 24 12.00 
50- 60 13 6.50 
60- 70 20 10.00 
70- 80 13 6.50 
80- 90 10 5.00 
90- 100 4 2.00 

100- UO 9 4.50 
110- 120 2 1.00 
120- 130 5 2.50 
130- 140 1 0.50 
140- 150 6 3.00 
160- 170 :3 1.50 ... 170- 180 2 1.00 

CUMULATIVE ERRORS R~.~.~ 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 8 4.00 
20 35 17.50 
30 61 30.50 
40 88 44.00 
50 112 56.00 
60 125 62.50 
70 145 72.50 
eo 158 79.00 
90 168 84.00 

100 172 86.00 
110 181 90.50 

'120 183 91.50 
130 188 94 .. 00 
140 189 94.50 
150 195 97.50 
160 195 97.50 
170 198 99.00 
180 200 . 100.00 

Ii AVERAGE ERROR = 54.80 
STANDARD DEVIATION = 38.79 
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FIXED ROUTE AVM SYSTEM RUN 24 
. LOCATION E"RROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY __ !l!!N_24hJ 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 
10- 20 
20- 30 
30- 40 
40-. 50 
50- 60 
60- 70 
70- 80 
80- 90 
90- 100 

10 5.00 
27 13.50 
25 12.50 
25 12.50 
25 12.50 
12 6.00 
20 10.00 
13 6.50 

9 4.50 
·4 2.00 

100- 110 
110- 120 
120- 130 
130- 140 
140- 150 
160- 170 
170- 1.80 

10 5.00 
2 1.00 
6 3.00 
1 0.50 
6 3.00 
3 1.50 
:2 1.00 

CUMULATIVE ERRORS !l~_ 2_4h I 
ERROR i SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 10 
20 37 
30 62 
40 87 
50 112 
60 124 
70 144 
80 157 
90 166 

100 170 
110 180 
120 182 
130 188 
140 189 
150 195 
160 195 
170 198 
180 200 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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5.00 
18.50 
31.00 
43.50 
56.00 
62.00 
72.00 
78.50 
83.00 
85.00 
90.00 
91.00 
94.00 
94.50 
97.50 
97.50 
99.00 

100.00 
55.06 
39.36 

... 
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MANUALLY PROCESSED FIXED ROUTE 

.. RUN1/: 24 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR 

201 57242 68:08 56318 38 CD62 13398 5007 13388 4987 22 
202 57980 68:08 56556 38 CD64 13367 4775 13359 4715 61 
203 57808 68:08 56882 39 TA27 13618 4671 13645 4680 29 
204 57892 68:27 56966 39 TA27 13'702 4659 13728 4673 30 
205 58038 68:47 57112 39 CP65 13846 4639 13879 4652 34 
206 58488 69:07 57556 39 CP66 14292 4577 14315 4584 24 
207 58952 62:27 58018 40 ep66 14776 4514 14773 4520 7 

208 59274 69:47 58338 41 CP66 15095 4474 15090 4476 5 

209 59400 70:07 ;:;8462 41 CP66 15220 4458 15212 4459 8 

210 59590 70:27 58650 41 CP66 15409 4434 15399 4433 10 

211 59884 70:47 58936 41 CP66 15701 4397 15692 4392 10 

212 598~8 71:07 58950 41 CP66 15715 4395 15696 4391 19 

213 60088 71:27 59134 41 CP67 15903 4371 15913 4368 10 

214 60496 71:47 59536 41 CP68 16308 4319 16320 4322 12 

215 60910 72:07 59930 41 CP68 16897 4245 16710 4264 188 

216 61428 72:27 60472 41 CP69 17233 4203 17286 4187 55 

217 61750 72:47 60744 41 CP69 17552 4162 17557 4161 5 

218 62136 73:07 61110 41 TA28 17500 3788 1750] 3796 8 

219 62570 73:27 61542 42 CP70 17429 3380 17448 3381 19 

220 62710 73:47 61680 42 CP70 17397 3241 17432 3244 35 

221 63068 74:07 62034 43 TA29 17730 3160 17732 3161 2 

222 63400 74:27 62354 43 TA29 18060 3129 1805] 3131 9 

223 63708 74:47 62650 43 TA29 18367 3100 18345 3104 22 

224 64086 75:07 63026 43 TA30 18743 3065 18753 3079 17 

225 64382 75:27 63322 44 TA30 18786 3349 1877] 3375 30 

226 64560 75:47 63498 44 TA30 18806 3526 1878] 3351 177 

227 64560 76:07 63498 44 TA30 18806 3526 1878] 3351 177 

228 64838 76:27 63772 44 CP72 ]'8839 3801 18819 3812 23 

229 65170 76:47 64102 44 CP72 1'8878 4131 . 188Sg 4138 11 

230 65504 77:07 64434 45 TA31 18888 4440 18878 4440 10 

231 65868 77:27 64798 45 TA31 18527 4482 18516 4474 14 

232 65876 77:47 64808 45 TA31 18519 4483 18506 4475 15 

233 66264 78:07 65192 45 CP73 18153 4528 18125 4527 8 

234 66680 78:27 65606 45' CP73 17720 4577 17715 4584 9 

235 67166 78:47 66088 45 CP74 17237 4633 17220 46~ 20 

236 67710 79:07 66684 45 CP75 16697 4697 1664] 4714 59 

237 68170 79:27 69088 45 CP75 16240 4750 16240 4770 

~u 238 68642 79:47 69576 46 CP75 15834 ,4804 15776 4835 

239 69056 80:07 67966 46 CP76 15425" 4863 15418 4867 
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FIXED ROUTE A VM SYSTEM ERRORS, RUN 24 

ERROR FREQUENCY DENSITY RUN 24 

Error No. Percent of 
o:! 

Interval Samples Samples 

0- 10 18 7.53 
'<' 

10- 20 38 15.90 
20- 30 33 13.81 
30- 40 31 12.97 
40- 50 24 10.04 
50- 60 15 6.28 
60- 70 22 9.21 
70- 80 13 5.44 
80- 90 10 4.18 
90-100 4 1.67 

100-110 9 3.77 
110-120 2 8.37 
120-130 5 2.09 
130-140 1 0.42 
140-150 6 2.51 
160-170 3 1.26 
170-180 4 1.67 
180-190 1 0.42 
Cumulative Errors Run 24 

Error Samples Percent Samples 
LT Error LT Error 

10 18 7.53 
20 56 23.43 
30 89 37.24 
40 120 50.21 
50 144 60.25 
60 159 66.53 
70 181 75.73 
80 194 81.17 
90 204 85.36 

100 208 87.03 
110 217 90.79 
120 219 91.63 
130 224 93.72 
140 225 94.14 
150 231 96.65 
170 234 97.91 
180 238 99.58 
180-190 239 100.00 
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RESULT OF MANUAL PROCESSING PCP 77 THROUGH 97 FOR 
RUN 25 TO CORRECT FOR RECORDING ERROR 

OooM (PCP)* 
INCREM SEG 

AVM AVM 
PCP 

REF REF 
-ODOM (R1) INCREM STSEG X Y X Y 

ERROR 

76 56 56 17 11098 10144 11129 9961 185 

77 464 185 18 11419 10296 11381 10298 38 

78 . 798 519 18 11750 10252 11708 10251 42 

79 1168 889 18 12119 10204 12068 10192 52 

80 1214 935 18 12164 .10198 12113 10148 71 

81 1478 1199 18 12427 10163 12405 10106 61 

82 1760 1481 18 12701 10126 12680 10087 44 

8~ 1888 1609 18 12834 10109 12807 10047 68 

84 2268 12 19 13193 10049 13193 10047 2 

85 2652 396 19 13134 9670 13145 9678 14 

86 2958 702 19 13087 9367 13094 9322 46 

87 3238 982 19 13044 9091 13053 9049 43 

88 3536 1280 19 12998 8796 13005 8777 20 

89 3792 1536 19 12959 8543 12961 8530 13 

90 " 153G 19 12959 8543 12961 8530 13 

91 3920 1664 19 12939 8417 12939 8404 13 

92 4322 291 20 12903 8017 12902 8003 14 

93 4866 314 21 13199 7740 13127 7750 73 

94 49$§ 434 21 13317 7722 13247 7731 71 

95 4986 434 21 13317 7722 13247 7731 71 

96 5218 666 21 13546 7688 13475 7697 72 

97 5586 1034 21 13911 7633 13770 7654 72 

98 248 248 22 14230 7592 14197 7604 35 

* ODOM (R6) = 23120 feet. A value of 8192 feet was added to the 23120 feet to compensate 
.. 

for the record error. 
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FIXED ROUTE A VM SYSTEM RUN 25 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 25a 

-- ERRiJR---- - NO .--PERCENt-- OF--
INTERVAL SAMPLES SAMPLES 

0- 10 13 17.11 
10 20 8 10.53 
20- 30 10 13.16 
30- 40- '-' - 5 - -'- -. 6:-58--
40- 50 6 7.89 

-- 50';' 60 6 7.89--
60- 70 7 9.21 
70- 80 3 3.95 
80- 90 8 10.53 

--96';'~ roo ---- -4------ - 5~26 - ----
100- 110 2 2.63 

-110- 120- ----1------·-T~31· - ----
120- 130 2 2.63 

--r4~150 1 1.32 

'7C0f1ULAilOE t~~ORS- RUN 25a i 
-ERROR' t SAMPLES--PERCEtn-SAMPL-ES 

_ _ _ _ LT _ , ER~OR _____ Lr_ERRQJL_ 

10 13 17.11 
20 21 27.63 

___ 30_ _ 31 40.79 
40 - 36----------_· 47-.37-----
50 42 55.26 

--60----48 63-.-1-'6--
70 5.5 72.37 
80 58 76.32 
90 66 86.84 

100 -16----- ----92-;Tr--
110 72 94.74 
120- ---'- ·--73---------96 ;-05-----
130 75 98.68 
140 75 98.68 
150 76 100.00 

--AVERAGE-ErfROR-- = 47;'7()---
STANDARD DEVIATION = 35.05 
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.. 

... 

FIXED ROUTE A VM SYSTEM RUN 25 

LOCATION ERROR rn FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 25b 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

- - 0': -16 - 15 -"---'19~-74 -, -, --
10- :20 7 9.21 

. - "20---30-- ir---ri'.-8,ir-- -.-
30- 40 5 6.58 

--40- 50 r- ·--,9ror->.2 ..... 1.---
50- 60 6 7.89 

--, 60- - 70- - -0---- --7789 .. -----
70- 80 3 3.95 

-- 80=---90- --. 1----9:-:.a------
90- 100 4 5.26 

100- 110 2 2.63 
110- 120 1 1.32 

---f20:':'130 -----2------2~1;3----
130- 140 1 1.32 
140~-150-·-- 1'--- --r;32-------

_G,UMl)'=-.AJIVE ERRORS RUN 25b ~ ___ _ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

- --10 15 19-;'74--
20 22 28.95 

, . '30-------:31 40 • 7~9--
40 36 47.37 
50 43 56.58 
60 49 64.47 _. -- 70 ------55 -_ .. - -----72~37---

80 58 76.~2 
--90' --65 85:53:-----

100 69 90.79 
110 71 93.42 
120 72 94.74 

'-[30 74 97-:-3::::;7'---
140 75 98.68 

----150------76 100-;-0'0:;"'---
AVERAGE ERROR = 47.61 
STANDARD DEVIATION = 36.37 
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FIXED ROUTE A VM SYSTEM RUN 26 

LOCATION ERROR IN FEET 

NO COM14UNICA TION ERRORS 

E:RROR FF~EQUENCY DENSITY RUN 26a ,"' 

EF~RDR NO. F'EF~CENT OF 
INTERVAL SAMPLES SAMPL.ES 

o~ 10 18 7.56 
10- 20 41 17.23 
20- 30 51 -21.43 
30- 40 37 15.55 
40- 50 18 7.56 
50- 60 23 9.66 
60- 70 10 4.20 
70- 80 11 4.62 
80- 90 3 1.26 
90- 100 10 4.20 

100- 110 6 2.52 
110- 12QI 1 0.42 
180- 190 9 3.78 

CUMULATIVE ERFWRS RUN 26a ~ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 18 7.56 
20 59 24.79 
30 110 46.22 
40 147 61.76 
50 - 165- 69.33 
60 188 78.99 
70 198 83.19 
80 209 87.82 
90 212 89.08 

100 222 93.28 
110 228 95.80 
120 229 96.22 
130 229 96.22 
140 229 96.22 
150 229 96.22 
160 229 96.22 
170 229 96.22 
180 229 96.22 
190 238 100.00 

AVERAGE ERROR = 43.62 
STANDARD DEVIATION = 38.03 
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FIXED ROUTE AVM SYS'1'F.M RTTN" 211 

LOCATION ERROR IN FEET 

5% CCMMUNlCATION ERRORS 

ERROR FREQUENCY DENSITY .n~N. 2~~J 
ERROR· NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 16 6.72 
10- 20 39 16.39 
20- 30 50 21.01 
30- 40 40 . 16.81 
40- 50 19 7.98 
50- 60 23 9.66 
60- 70 11 4.62 
70- 80 11 4.62 
80- 90 3 1.26 
90- 100 9· . 3.78 

100- 110 7 2.94 
110- 120 1 0.42 
180- 190 9 3.78 

CUMULATIVE ERRORS ~~N 2Gb \ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 16 6.72 
20 55 23.11 
30 105 44.12 
40 145 60.92 
50 164 68.91 
60 187 78.57 
70 198 83.19 
80 209 87.82 
90 212 89.08 

100 221 92.86 
110 228 95.80 
120 229 96.22 
130 229 96.22 
140 229 96.22 
150 229 96.22 
160 229 96.22 
170 ~29 96.22 
180 229 96.22 
190 238 100.00 

AVERAGE ERROR = 44.30 
. STANDARD DEVIATION = 37.87 
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FIXED ROUTE AVM SYSTEM RUN 27 

LOCA TION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN27al 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 17 7.08 
10- 20 33 13.75 
20- 30 48 20.00 
30- 40' 36 15.00 
40- 5Q 26 10.83 
50- 60 24 10.00 
60- 70 ' 13 5.42 
70- 80 17 7.08 
80- 90 8 3.33 
90- 100 7 2.92 

100- 110 6 2.50 
110- 120 3 1.25 
120- 130" 1 0.42 
210- 220 1 0.42 

CUMULATIVE £RRORS RUN 27a 
I 

I 
ERROR t SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 17 7.08 
20 50 20.83 
30 98 40.83 
40 134 55.83 
50 160 66.67 
60 184 76.67 
70 197 82.08 
80 214 89.17 
90 222 92.50 

100 229 95.42 
110 235 97.92 
120 238 99.17 
130 239 99.58 
140 239 99.58 
150 239 99.58 
160 239 99.58 '" 170 239 99.58 
180 239 99.58 
190 239 99.58 
200 239 99.58 
210 239 99.58 
220 240 100.00 ~ 

AVERAGE ERROR = 43.20 
STANDARD DEVIATION = 28.79 
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'F'TXF.n ROUTE A VM SYSTEM RUN 27 

LOCATION ERROR IN FEEl 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 27b 
'10. 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 16 6.67 . 
10- 20 33 13.75 
20- 30 51 21.25 
30- 40 35 14.58 
40- 50 25' 10.42 
50- 60 25 10.42 
6()- 70 12 5.00 
70- 80 16 6.67 
80- 90 8 3.33 
90- 100 7 2.92 

100- 110 7 2.92 
110- 120 3 1.25 
120- 130 1 0.42 
210- 220 1 0.42 

CUMULATIVE ERRORS Rl!~2_~~, .I 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

'" 10 16 6.67 
20 49 20.42 
3'0 100 41.67 
40 135 56.25 
50 160 66.67 
60 185 77.08 
70 197 82.08 
80 213 88.75 
90 221 92.08 

100 228 95.00 
110 235 97.92 
120 238 99.17 
130 239 99.58 
140 239 99.58. 
150 239 99.58 
160 239 99.58 
170 239 99.58 
180 239 99.58 
190 239 99.58 
200 239 99.58 

"'210 239 99.58 
220 240 100.00 

AVERAGE ERROR = 43.23 
STANDARD DEVIATION = 28.96 
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FIXED ROUTE AVM SYSTEM RUN 28 

LOCATION ERROR IN FEET .. 
NO COMMUNICATION ERRORS 

ERROR FREQUENCY rlENSITY RUN 28a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 20 7.72 
10- 20 53 20.46 
20- 30 35 13.51 
30- 40 .43 --'16.60-
40- 50 27 10.42 
50- 60 18 6.95 
60- 70 32 12.36 
70- 80 15 5.79 
80- 90 7 2.70 
90- 100 - 5 1.93 

iOO- 110 2 0.77 
110- 120 1 0.39 
120- 130 1 0.39 

CUMULATIVE ERRORS 
I 

RUN 28al 

ERROR :J: SAMPLES PERCENT SAMPLES 
LT EF~ROR LT ERROR 

10 20 ,7.72 
20 73 28.19 
30 108 41.70 
40 151- 58.30 
50 178 68.73 
60 196 75.68 
70 228 88.03 
80 243 93.82 
90 250 96.53 

100 255 98.46 
110 257 99.23 
120 258 99.61 
130 259 100.00 ". 

AVERAGE ERROR = 39.30 
STANDARD DEVIATION = 25.12 

,'t 
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... 

FIXED ROUTE A VM SYSTEM RUN 28 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

r· .. ----

ERROR FREQUENCY DENSITY RUN 28b , 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 20 7.72 
10- 20 52 20.09 
20- 30 34 13~13 
30- 40 43 16.60 
40- 50 26 10.04 
50- 60 20 7.72 
60- 70 33 12.74 
70- 80 14 5.41 
80- 90 7 2.70 
90- 100 ::r 1.93 

100- 110 2 0.77 
110- 120 1 0.39 
120- 130 2 0.77 

CUMULATIVE ERRORS °RTJN ~8~J 
-

ERROR i SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 20 7.72 
20 72 27.80 

° 30 106 ° 40.93 
40 149 57.53 
50 175 67.57 
60 195 75.29 
70 228 88.03 
80 242 93.44 
90 249 96.14 

100 254 98.07 
110 256 98.84 
120 257 99.23 
130 259 100.00 

AVERAGE ERROR = 39.85 
STANDARD DEVIATION = 25.60 
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FIXED ROUTE A VM SYSTEM RUN 29 

LOCATION ERROR IN FEET 

NO COMMUNICA TION ERRORS 

ERRO~ FREQUENCY DENSITY RUN29a\ 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- ,10 21 
10- 20 39 
20-- 30 56 
30- 40 '30 
40- 50 28 
50- 60 34 
60- 70 26 
70- 80 6 
80- 90 7 
90- 100 10 

100- 110 2 
120- 130 1 
160- 170 1 

CUMULATIVE ERRORS 

ERROR t SAMPLES 
LT ERROR 

10 21 
20 60 
30 116 
40 ~ .. I 

.L"tO 

50 174 
60 208· 
70 234 
80 240 
90 247 

100 257 
110 259 
120 259 
130 260 
140 269 
150 260 
160 260 
170 261 

AVERAGE ERROR 

8.05 
.14.94 
21.46 
11.49 
10.73 
13.03 
9.96 
2.30 
2~68 
3.93 
0.77 
0.38 
0.38 

RUN.~~~ j 
PERCENT SAMPLES 

LT ERROR 

8.05 
22.99 
44.44 
55.94 
66.67 
79.69 
89.66 
91.95 
94.·64 
98.47 
99.24 
99.23 
99.62 
99.62 
99.62 
99.62 

100.00 
= 39.97 

STANDARD DEVIATION = 25.30 
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FIXED ROUTE A VM SYSTEM RUN 29 
.. LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 2Sb 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 22 8.43 
10- 20 40 1.5.33 
20- 30 54 20.69 
30- 40' 30 11.49 
40- 50 27 10.34 
50- 60 36 13.79 
60- 70 25 9.58 
70- 80 5 1.92 
80- 90 7 2.68 
90- 100 10 3.83 

100- 110 3 1.15 
120- 130 1 0.38 
160- 170 1 0.38 

,..". 

CUMULATIVE ERRORS RUN 29b 

'iii 

ERROR ~ SAMPLES PERCENT SAMPLES 
!...T ERROR LT ERROR 

10 22 8.43 
20 62 23.75 
30 116 44.44 
40 146 55.94 
SO 173 66.28 
60 209 80.08 
70 234 89.66 
80 239 91.57 
90 246 94.25 

1.00 256 98.08 
110 259 99.23 
120 259 99.23 
130 260 99.62 

.140 260 99.62 , 
150 260 99.62 '" 
160 260 ' -'. 99.62 

.. 170 261 100.00 
AVERAGE ERROR = 40.01 
STANDARD DEVIATION = 25.66 
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li1XED ROUTE AVM SYSTEM RUN 30 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 30a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

I 
0- 10 14 5.83 

10- 20 40 16.67 
20- 30 29 12.09 
30- 40 31- - 12~92 

40- 50 32 13.33 
50- 60 34 14.17 
60- 70 17 7.08 
70- 80 22 9.17 
80- 90 11 4.58 
90- 100 2 0.83 

100- 110 5 2.08 
110- 120 2 0.83 
240- 250 1 0.42 

CUMULATIVE ERRORS WN30a 

ERROR :t SAMPLES PERCENT SAMPLES 
LT ERROR r.T ERROR 

10 14 5.83 
20 54 22.50 
30 83 34.58 
40 114 47.50 
50 146 60.83 
60 180 75000 
70 197 82.08 
80 219 91.25 
90 230 95.83 

100 232 96.67 
110 237 99.75 
120 239 99.58 
250 240 100.00 

AVERAGE Ef;:POR = 44.05 
STANDARD D:~VIATION = 28.19 
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FlXED ROUTE A VM SYSTEM RUN 30 

.. LOCA TION ERROR IN FEET 
5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 30b 
-----. 

"'-
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 15 6.25 
10- 20 39 16.25 
20- 30 27 11.25 
30- 40 34 14.17 
40- 50 31 12.92 
50- 60 33 13.75 
60- 70 18 7.50 
70- 80 20 8.33 
80- 90 11 4.58 
90- 100 3 1.25 

100- 110 6 2.50 
110- 120 2 0.83 
240- 250 1 0.42 

CUMULATIVE ERRORS -RUN SOb I 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

.... 
10 15 6.25 
20 54 22.50 
30 81 33.75 

)i/ 40 115 47.92 
50 146 60.83 
60 179 74.58 
70 197 82.08 
80 217 90.42 
90 228 95.00 

100 231 96.25 
110 237 98.75 
120 239 99.58 
130 239 99.58 
140 23.9 99.58 .. 

99.58 150 239 
160 239 99.58 
170 239 99.58 
180 239 99.58 
190 239 99.58 
200 239 99.58 
210 239 99f:58 
220 239 99.58 
230 23.9 99.58 

'" 240 239 99.58 
250 240 100.00 

AVERAGE ERROR = 44.26 
STANDARD DEVIATION = 28.52 
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FIXED ROUTE AVM SYSTEM RUN 31 
LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 
ERROR 'FREQUENCY DENSITY RUN 31a \ 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 17 6.56 
10- 20 23 8.88 
20- 30 40 15.44 
30- 40 . 43 16.60 
40- 50 46 17.76 
50- 60 17 6.56 
60- 70 19 7.34 
70- 80 16 6.18 
80- 90 13 5.02 
90- 100 7 2.70 

100- 110 2 0.77 
110- 120 1 0.39 
120- 130 4 1.54 
130- 140. 2 0.77 
150- 160. 1 0.39 
280- 290' .- 2 0.77 
320- 330 2 0.77 
340- 350 1 0.39 
400- 410 3 1.16 

CUMULATIVE ERRORS RUN 31a I . 
ERROR i SAMPLES PERCENT SAMPLES 

LT ERROR LT ERr~OR 

10 17 6.56 
20 40 15.44 
30 80 30.89 
40 123 47.49 
50 169 65.25 
60 186 71.81 
70 205 79.15 
80 221 85.33 
90 234 90.35 

100 241 93.05 
110 243 93.82 
120 244 94.21 
130 248 95.75 
140 250 96.53 
150 250 96.53 
160 251 96.91 
290 253 97.68 
::\::\0 ?55 98.46 
350 256 98.84 
410 259 100.00 

AVERAGE ERROR = 54.62 
STANDARD DEVIATION = 59.77 
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FIXED ROUTE AVM SYSTEM RUN 31 
LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 
ERROR FI:::EQUENCY DENSITY RUN 3lb 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 18 6.95 
10- 20 24 9.27 
20- 30 41 15.83 
30- 40 42 16.22 
40- 50 44 . 16.99· 
50- 60 17 6.56 
60- 70 18 6.95 
70- 80 17 6.56 
80- 90 13 5.02 
90- 100 7 2.70 

100- 110 2 0.77 
110- 120 1 0.39 
120- 130 4 1.54 
130- 140 2 0.77 
150- 160 1 0.39 
280- 290 2 0.77 -. 320- 330 2 0~77 

340- 350 1 0.39 
400- 410 3 1.16 

CUMULATIVE ERRORS RUN 3lb -
ERROR =1= SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 18 6.95 
20 42 16.22 
30 83 32.05 
40 125 48.26 
50 169 65.25 
60 186 71.81 
70 204 78.76 
BO 221 85.33 
90 234 90.35 

100 241 93.05 

"'-
110 243 93.82 
120 244 94.21 
130 248 95.75 
1-~0 250 96.53 
160 251 96.91 
290 253 97.68 

.., 330 255 98.46 
410 259 100.00 

AVERAGE ERROR ::: 54.37 
STANDARD DEVIATION = 59.87 

i. 

I? 
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FpS:ED ROUTE AVM SYSTEM RUN 34 

LOCA TION ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY~U"N_ 34~J 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

-_.- -~ -
0- 10 8 4.79 

10- 20 34 20.36 
20- 30 19 11.38 
30- 40 26 15.57 
40- 50 14 8.38 
50- 60 17 10.18 
60- 70 14 8.38 
70- 80 16 9.58 
80- 90 12 7.19 
90- 100 .... ; 4 2.40 

140- 150 ,1 1 0.60 
190- 200 .... 1 2 1.20 

CUMULATIVE ERRORS_~UN 3.?~ ___ 1 

ERROR :J: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 8 4.79 
20 42 25.15 
30 61 36.53 
40 87 52.10 
50 101 60.48 
60 118 70.66 
70 132 79.04 
80 148 88.62 
90 160 95.81 

100 164 98.20 
110 164 98.20 
120 164 98.20 
130 164 98.20 
140 164 98.20 ;>-

150 165 98.80 
160 165 98.80 
170 165 98.80 
180 165 98.80 
190 165 98.80 
200 167 100.00 

AVERAGE ERROR = 45.42 
STANDARD DEVIATION = 31.26 
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FIXED ROUTE A VM SYSTEM RUN 34 

LOCATION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 34b 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 9 5.39 
10- 20 34 20.36 
20- 30 18 10.78 
30- 40 24 14.37 
40- 50 15 8.98 
50- 60 15 8.98 
60- 70 15 8.98 
70- 80 18 10.78 
80- 90 12 7.19 
90- 100 4 2.40 

140- 150 1 0.60 
190- 200 2 1.20 

CUMULATIVE ERRORS RUN ~~-' 
ERROR i SAMPLES· PERCENT SAMPLES· 

LT ERROR LT ERROR 

10 9 
20 43 
30 61 
40 85 "--- 0 

50 100 
60 115 
70 130 
80 148 
90 160 

100 164 -
110 164 
120 164 
130 164 
140 164 
150 165 
160 165"0,, 
170 165 
180 165 
190 165 
200 167 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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5+39 
25.75 
36.53 
50.90 --. 
59.8B 
68.86 
77.84 
88.62 
95.81 
98.20 
98.20 
98.20 
98.20 
98.20 
98.80 
98.80 .. 
98.80 
98.80 
98.80 

100.00 
45.72 
31.56-



MANUALLY PROCESSED FIXED ROUTE 

RUN:/J 34 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

<'.--

PCP ODOM TIME FIFTH STSEG S8G5 AVMX AVMY REF X REFY ERROR 

168 36894 56:28 36524 25 CP37 16947 5824 16982 5831 35 

169 36948 56:4,8 36678 25 CP38 16893 5831 16896_ 5841 10 

170 37264 57:08 36942 25 CP38 16574 5871 16584 5878 12 

171 37398 57:28 37076 25 CP38 16417 5892 16451 5894 34 

172 37486 57:48 37162 25 CP39 16360 5899 16381 5903 21 

173 37848 58:08 37520 25 CP39 16000 5945 16027 5951 28 

174 37848 58:28 37522 25 CP39 16000 5945 16025 5952 26 

175 38160 58:48 37828 25 CP39 15691 5985 15721 5993 115 
176 38294 59:08 37964 25 CP40 15558 6002 15579 6009 22 
177 38472 59:28 38138 25 CP40 15382 6024 15406 6026 24 
178 38738 59:48 ::\8398 26 TA18 15251 6158 15244 6120 39 
179 38856 60:08, 38516 27 TA18 15269 6275 15259 6237 39 

180 39044 60:28 38708 28 TA19 15225 6388 15196 6392 29 

181 39400 60:48 39062 28 TA19 14872 6439 14845 6443 27 
182 39620 61:08 39280 29 TA19 14678 6440 14630 6475 57 

183 39838 61:28 39500 29 TA20 14650 6224 14708 6257 67 

184 39896 61:48 39558 29 TA20 14643 6166 14715 6199 70 

185 40206 62:08 39866 29 CP41 14604 5858 14605 5867 9 
186 40550 62:28 40206 30 CP42 14866 5760 14826 5766 40 
187 40564 62:48 40218 30 CP42 14880 5759 14838 5763 42 
188 40640 63:08 40290 31 TA22 14882 5692 14885 5722 30 
189 40858 63:28 40506 31 TA22 14854 5476 14856 5508 32 
190 41066 63:48 40712 31 TA22 14828 5270 14827 5304 34 
191 41204 64:08 40850 31 CP43 14811 5133 14808 5146 13 

192 41394 64:28 41038 32 CP43 14779' 4954 14789 4959 11 

,193 41660 64:48 41296 32 TA23 14515 4989 14552 4980 38 
194 41736 65:08 41372 32 'TA23 14440 4999 14476 4989 37 
195 41904 65:28 41536 32 TA23 14273 5021 14313 5007 42 
196 42274 65:48 41904 32 CP44 13907 5069 '13873 5065 34 
197 42674 66:08 42302 32 CP44 13510 5121 13480 5124 30 
198 42892 66:28 42516 32 CP45 13294 5149 13259 5153 35 
199 43180 66:48 47804 32 CP45 13008 5187 12973 5187 35 
200 43194 67:08 42816 ,32 CP45 12994 5189 12961 5188 33 

201 43572 67:28 43188 32 CP46 12620 5238 12634 5229 23 

202 44014 67:48 43626 33 CP46 12170 5298 12199 5283 33 

203 44440 68:08 44050 33 CP46 11748 5357 11799 5336 37 
204 44878 68:28 44486 33 CP47 11315 5418 11322j 5469 51 

205 45362 68:48 44966 33 CP47 10836 5485 10895

1 
5687 155 

206 45836 69:08 45440 33 CP49 10366 5550 10357 5528 24 
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. 
RUN4/: 34 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIl''[E FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR .,,-

207 46354 69:28 45958 33 CP49 9853 5622 9844 5601 23 
208 46970 69:48 46576 33 CP49 9243 5707 9232 5687 23 
209 47018 70:08 46624 33 CP49 9196 5713 9185 5694 22 
210 47142 70:28 46746 33 CP49 9073 5730 9064 5711 21 
211 47600 70~48 47900 33 CP51 8619 .5794 86'09 5775 21 
212 48106 71:08 47'108 33 CP51 8118 5864 8106 5845 22 
213 48578 71:28 48176 34 CP52 7654 5913 7690 5896 40 
214 48696 71:48 48294 34 CP52 7537 5920 7573 5911 37 
215 48764 72:08 48358 34 TA24 7469 5924 7470 5930 6 
216 49214 72:28 48802 35 TA24 7545 6368 7524 6371 21 
217 49718 72:48 49304 35 CP53 7631 6864 7634 6896 32 
218 50036 73:08 49612 36 TA25 7804 7016 7848 7010 44 
219 50522 73:28 50088 36 CP55 8286 6952 8342 6945 56 
220 50880 73:48 50436 36 CP55 8640 6905 8687 6904 47 
221 51088 74:08 50644 36 CP55 8847 6878 8894 6879 47 
222 51422 74:28 50972 36 CP55 9178 6834 9220 6840 42 
223 50694 74:48 51242 36 CP56 9447 6799 9493 6800 46 
224 52058 75:08 51596 36 CP56 9800 6751 9842 6740 36 
225 52232 75:28 51770 36 CP57 9981 67:~8 10019 6715 40 
226 52662 75:48 52198 36 CP57 10413 66n 10444 666J. 33 
227 53032 76:08 52566 36 CP57 10774 662.4 10809 6614 36 
228 53298 76:28 52828 37 CP57 11023 6590 11069 6061 47 
229 53750 76:48 53280 37 CP57 11472 6532 11517 6523 46 
230 54224 77:08 53750 37 CP57 11942 6470 11983<· 6464 41 

231 54720 77:28 54244 37 CPS7 12434 6405 12453 6415 21 

232 55220 77:48 54738 37 CP59 12929 6389 12fj65 6349 37 

-233 55692 78:08 55208 37 C:P60 13397 62'i'7 13248 6306 152 

234 56056 78:28 55564 38 TA26 13538 60€t2 13821 6060 283 

235 56338 78:48 55846 38 TA26 13501 5782 .13472 5782 29 

236 56708 79:08 56224 38 CP62 13452 5416 13347 5351 123 

237 57140 79:28 56644 38 CP63 13395 4987 13378 4936 51 

238 57278 79:48 56780 38 CP64 13377 4.851 13366 4766 86 

239 57492 80:08 56996 39 TA27 13426 4697 13428 4698 2 

240 57768 80:28 57266 39 TA27 13699 4659 13716 4674 23 

241 58016 80:48 57514 39 CP65 13945 4625 138'i';I. 4654 79 

242 58356 81:08 57848 39 CP66 14276 4579 14349 4579 23 

243 58538 81:28 58030 40 CP66 14496 454:9 1452:9 4554 33 
244 58696 81:48 58188 40 CP66 14653 452:9 14686 4532 33 

245 59144 82:08 58632 40 CP66 15097 44~'4 15125 4471 28 

246 59604 82:28 59090 40 CP66 15554 4416 15579 4408 26 
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RUN i= 34 
. 

SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR ,.. 
247 59774 82:48 59260 40 CP66 15722 4394 15747 4384 27 
248 59776 83:08 59262 40 CP66 15.724 4394 15749 4384 27 
249 60126 83:28 59604 40 CP67 16072 4349 16082 4353 11 
250 60538 83:48 60010 40 CP68 16481 4298 16481 4298 0 
251 60830 84:08 60298 40 CP68 16770 4261 16766 4255 7 
252 61128 84:28 60592 40 CP68 17066 4224 17058 4211 15 
253 61128 84:48 60592 40 CP68 17066 4224 17058 4211 15 
254 61372 85:08 60834 40 CP69 17308 4192 17340 4182 34 
255 61576 85:08 61036 40 CP69 17510 4167 17541 4163 31 
256 61630 85:48 61088 4J TA28 17559 4157 17556 4135 22 
257 61718 86:08 61176 41 TA28 17545 4070 17542 4049 21 
258 62004 86:28 61458 41 TA28 17500 3788 17497 3771 17 
259 62298 86:48 61748 41 CP70 17453 3498 17461 3486 9 
260 62536 87:08 61982 42 CP70 17430 3257 17433 3254 4 
261 62538 87:28 61984 42 CP70 17431 3255 17433 3252 4 
262 62562 87:48 62010 42 CP70 17428 3230 17429 3226 4 
263 62882 88:08 62330 43 TA29 17702 3163 17696 3164 6 
264 63290 88:28 62732 43 TA29 18108 3125 18096 3127 8 
265 63558 88:48 63000 43 TA29 18375 3100 18363 3102 12 
266 63910 89:08 43 18725 3067 18752 3064 27 
267 64174 89:28 63612 44 TA30 18780 3299 18968 3325 29 
268 64370 89:48 63806 44 TA30 18803 3494 18779 3519 35 
269 64370 90:08 63806 44 TA30 18803 3494 18779 3519 35 
270 64568 90:28 63996 44 CP72 18826 3690 18805 3715 33 
271 64868 90:48 64296 44 CP72 18861 3988 18850 4012 26 
27'2 65208 91:08 64634 44 CP72 18901 4326 18900 4346 20 
273 65496 91:28 64926 45 TA31 18739 4457 18725 4455 14 
274 65710 91:48 65138 45 TA31 18527 4482 18514 4474 15 
275 65992 92:08 65420 45 CP73 18 6 4515 18226 4513 20 
276 66310 92:28 65736 45 CP73 17931 4552 17913 4556 18 
277 66704 92:48 66128 45 CP74 17539 4598 17555 4605 17 
278 66962 93:08 66384 45 CP74 17283 4628 17307 4634 25 
279 67020 93:28 66442 45 CP74 17225 4635 17243 4642 19 
280 67052 93:48 66474 45 CP74 17194 4639 17212 4645 19 
281 67318 94:08 66738 45 CP74 16929 4670 16949 4676 21 
282 67624 94:28 67042 45 CP75 16625 4705 16623 4717 l2 
283 67716 94:48 67134 45 CP75 16534 4715 16532 '4729 14 

284 67938 95:08 67352 45 CP75 16313 4742 16316 4759 

L:J 285 68054 95:28 67468 45 CP75 16198 4755 16201 4776 21 
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RUN' 34 
. 
SYSTEM LOCA TION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR 

286 68352 95:48 67764 46 CP75 15959 4786 15907 4816 60 
287 684·02 96:08 67814 46 CP75 15910 4793 15858 4823 5·1 
288 68402 96:28 67814 46 CP75 15910 4793 15858 4823 60 
289 68574 96:48 67984 46 CP75 15739 4817 15689 4847 58 
290 97:08 15383 4869 
291 
292 

. 

..... 

, 
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FIXED ROUTE A VM SYSTEM ERRORS, RUN 34 

ERROR FREQUENCY DENSITY RUN 34 
...-

Error No. Percent of 
Interval Samples Samples 

0- 10 19 6.59 
,. 

10- 20 52 18.05 
20- 30 52 18.05 
30- 40 55 19.09 
40- 50 27 9.37 
50- 60 23 7.98 
60- 70 17 5.90 
70- 80 19 6.59 
80- 90 13 4.51 
90-100 4 1.38 

110-120 1 .34 
120-130 1 .34 
140-150 1 .34 
150-160 2 .69 
190-200 2 .69 
280-290 1 .34 

Cumulative Errors Run 34 

Error Samples Percent Samples 
LT E~ror LT Error 

10 19 6.59 '. 
20 71 24.65 
30 123 42.70 
40 178 61.80 
50 205 71.18 
60 228 79.16 
70 245 85.06 
80 264· 91.66 
90 277 96.18 

100 281 97.56 
1.20 282 97.91 
130 283 98.26 
150 284 98.61 
160 286 99.30 
200 288 100.00 
280-290 289 

~ 
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FIXED ROUTE A VM SYSTEM RUN 35 

LOCATION ERROR 1N FEET 

NO COMMUNICATION ERRORS' 

ERF~OR FHEQUENCY DENSITY RUN 35a i 
ERHOR ·NO. PEHCENT OF· 

INTERVAL SAMPLES SAMPLES 

0- 10 
10- 20 
20- 30 
30- 40 
40- 50 
50- 60 
60- 70 
70- 80 
80- 90 
90- 100 

100- 110 
120- 130 
130- 140 

35 . 
41 
35 
3{)-- --
44 
14 
16 
22 
10 

2 
1 
4 
1 

13.73 
16.08 
13.73 
11.,76 
17.25 
5.49 
6.27 
8.63 
3.92 
·0.78 .-
0.39 
1.57 
0.39 

CUMULATIVE EHRORS RUN 35.a (I 

1 

ERROR • SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 35 
20 76 
30 111 
40 141 
50 185 
60 199 
70 215 
80 237 
90 247 

100 249 
110 250 
120 250 
130 254 
140 255 

AVERAGE ERROR = 
STANDARD IFEVIATION ;::: 
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13.73 
29.80 
43.53 
55.29 
72.55 
78.04 
84.31 
92.94 
96.86 
97.65 
98.04 
98.04 
99.61 

100.00 
39.05 
26.94 



FIXED ROUTE A VM SYSTEM RUN 35 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY R~ _~51?_\ 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 35 
10- 20 44 
20- 30 37 
30- 40 30 
40- 50 39 
50- 60 14 
60- 70 16 
70- 80 21 
80- 90 9 
90- 100 4 

100- 110 1 
120- 130 4 
130- 140 1 

13.73 
17.25 
14.51 
11.76 
15.29 
5.49 
6.27 
8.24 
3.53 
1.57 
0.39 
1.57 
0.39 

CUMULATIVE ERRORS RUN 35b 

ERROR 4 SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 
20 
30 
40 

35 
79 

116 
146 

50 185 
60 199 
70 215 
80 236 
90 245 

100 249 
110 250 
120 250 
130 254 
140 255 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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13.73 
30.98 
45.49 
57.25 
72.55 
78.04 
84.31 
92.55 
96.08 
97.65 
98.04 
98.04 
99.61 

100.00 
38.74 
27.27 



---------

FIXED ROUTE AVM SYSTEM RUN 36 
LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 

e:RROR FREGUENCY DENSITY RUN 36e. 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0-
10-
20-

·30-
40-
50-
60-
70-
BO-
90-

100-
1.10-
130-
150-
200-

10 14 
20 40 
30 42 
40 16 
50 16 
60 20 
70 26 
80 23 
90 14 

100 4 
110 3 
120 ,"~ 2 
146 ... ·· 3 
160 ".l 5 
210 .' 1 

6.11 
'17.47 
18.34 

. 6.99 
6.99 
8~73 

11.35 
10.04 

6.11 
1.75 
1.31 
0.87 
1.31 
2.18 
0.44 

CUMULATIVE ERRORS RUN~·.~!, \ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 14 
20 54 
30 96 

. 40 112 -". _._-
50 128 
60 14B 
70 174 
80 197 
90 211 

100· 215 
110 21B 
120 220 
130 220 
140 223 
150 223 
160 ·228 
210 229 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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6.11 
23.58 
41.92 
48.91- -
55.90 
64.63 
75.98 
B6.03· 
92.14 
93.89 
95.20 
96.07 
96.07 
97.38 
97.38 

·99.56 
100000 
47.85· 
34.08 



FIXED RaJ TE A VM SYSTEM RUN 36 
"'" LOCATION ERROR IN FEET 

5% COMMUNICA TION ERRORS 

ERROR FREQUENCY DENSITY f{_~~~~~_J .. 

ERFWR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 14 6.11 
10- 20 40 17.47 
20- 30 43 18.78 
30- 40 16 6.99 
40- 50 16 6.99 
50- 60 19 8.30 
60- 70 26 11.35 
70- 80 21 9.17 
80- 90 13 5.68 
90- 100 5 2.18 

100- 110 3 1.31 
110- 120 3 1.31 
130- 140 4 1.75 
150- 160 5 2.18 
200- 210 1 0.44 ... 

CUMULATIVE ERRORS ~~~-~6~\ 
ERROR :J: SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 14 6~11 
20 54 23.58 
30 97 42.36 
40 113 49.34 
50 129 56.33 
60 148 64.63 
70 174 75098 
80 195 85.15 
90 208 90.83 

100 213 93.01 
110 216 94.32 
120 219 95.63 
130 219 95.63 
140 223 97.38 
150 223 97~38 
160 228 99.56 
210 229 100.00 

AVERAGE ERROR 48.20 
~ = 

STANDARD DEVIATION = 34.90 
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FIXED ROUTE AVM SYSTEM RUN 37 

LOCATION ERROR IN FEET 

NO COMMUNICA'TIONERRORS 

ERROR FREGUENCY DENSITY RUN 37al 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 10 4~05 

10- 20 39 15.79 
20- 30 40 16.19 
30- 40 34 13.77 
40- 50 16 6.48 
50- 60 16 6.48 
60- 70 20 8.10 
70- ao 17 6.88 
80- 90 22 8.91 
90- 100 9 3.64 

100- 110 7 2.83 
110- 120 6 2.43 
120- 130 8 3.24 
150- 160 2 0.81 
210- 220 1 0.40 

CUMULATIVE ERRORS RUN 37ai 

ERROR • SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 10 4.05 
20 49 19.84 
30 89 36.03 
40 123 49.80 
50 139 56.28 
60 155 62.75 
70 175 70.85 
80 192 77.73 
90 214 86.64 

100 223 90.28 
110 230 93.12 
120 236 95.55 
130 244 98.79 
160 246 - 99.60 
220 247 100.00 

AVERAGE ERROR = 50.84 
STANDARD DEVIATION = 35.07 
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FIXED ROUTE AVM SYSTEM RUN 37 
... 

LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY ~~.3~_1 ... ' 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 10 4.05 
10- 20 40 16.19 
20- 30 40 16.19 
30- 40 33 13.36 
40- 50 15 6.07 
50- 60 15 6.07 
60- 70 19 7.69 
70- 80 18 7.29 
80- 90 22 8.91 
90- 100 11 4.45 

100- 110 7 2.83 
110- 120 6 2.43 
120- 130 8 3.24 
150- 160 2 0.81 
210- 220 1 0.40 

CUMULATIVE ERRORS ~UN37Jj1 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR ... 

10 10 4.05 
20 50 20.~l4 

30 90 36.44 
40 123 49.80 
50 138 55.87 
60 15~ 61.94 
70 172 69.64 
80 190 '76.92 
90 212 85.83 

100 223 90.28 
110 230 93.12 
120 236 95.55 
130 244 98.79 
160 246 99.60 .. 
170 246 99.60 
180 246 99.60 
190 246 99.60 
200 246 99.60 
210 246 99.60 
220 247 100.00 

AVERAGE ERROR = 51.07 
STANDARD DEVIATION = 35037 
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FIXED ROUTE A VM SYSTEM RUN 38 
LOCA'II ON ERROR IN FEET 

NO COMMUNICATION ERRORS 

ERROR FREGUENCY DENSITY RUN 38~ I 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 10 4.50 
10- 20 24 10.81 
20- 30 43 19.37 
30- 40 28· 12.61· . 
40- 50 23 10.36 
50- 60 22 9.91 
60- 70 17 7+66 
70- 80 ,23 10.36 
80- 90 15 6.76 
90- 100 12 5.41 

100- 110 1 0.45 
110- 120. ;}' i 0.45 
190- 200 ,) 1 0.45 
860- 870 1 0.45 
870- 880 1 0.45 

CUMULATIVE ERRORS ~ RUN. ~8'Al 

ERROR t SAMPLES PERCENT SAMPLES--
LT ERROR LT ERROR 

10 10 4.50 
20 34 15.32 - -
30 77 34.68 

··40-· .. -- 105·-------- --47.30-----
50 128 57.66 
60 150 67.57 
70 167 75.23 
80 190 85.59 
90 205 92.34 

100 - 217 97.75 .. 
110 218 98.20 
120 219 98.65 
130 219 98.65 
870 221 99.55 
880 222 100.00 

AVERAGE ERROR = 54.62 
STANDARD DEVIATION = 82.30 
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FIXED ROUTE A VM SYSTEM RUN 38 

LOCATION ERROR IN FEET 
5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN38b I . . 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 9 4.05 
10- 20 29 13~06 

20- 30 44 19.82 
30- 40 29 13.06 
40- 50. 21 9.46 
50- 60 20 9.01 
60- 70 16 7.21 
70- 80 21 9.46 
80- 90 15 6.76 
90- 100 12 5.41 

lOO- 110 1 0.45 
110- 120 2 0.90 
190- 200 1 0.45 
860- 870 1 0.45 
870- 880 1 0.45 

CUMULATIVE ERRORS . _!l~38P\ 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 
......... ~ - .. ~-, 

10 9 4.05 
20 38 17.12 
30 82 36.94 
40 111 50.00 
50 132 59.46 
60 152 68.47 
70 168 75.68 
80 189 85.14 
90 204 91.89 

100 216 97~30 
110 217 97.75 
120. - 219. 98.65 
200 220 99.10 
870 221 99.55 
880 222 100.00 

AVERAGE ERROR = 53.75 
STANDARD DEVIATION = 82.57 
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FIXED ROUTE A VM SYSTEM RUN 39 

LOCA TION ERROR IN FEB.' 

NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUNma 

' .... ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 12 4.27 
10- 20 19 6.76 
20- 30 34 12.10 
30- 40 37 13.17 
40- 50 33 11.74 
50- 60 50 17.79 
60- 70 47 16.73 
70- 80 17 6.05 
80- 90 6 2.14 
90- 100 5 1.78 

100- 110 9 3.20 
110- 120 3 1.07 
120- 130 1 0.36 
130- 140 6 2.14 
180-

• 1 
190 ,"' 1 0.36 

380- 390 1 0.36 

CUMULATIVE ERRORS RUN 39a\ 

ERROR t SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 

10 12 4.27 
20 31 11.03 
30 60 23.13 
40 102 36.30 
50 135 .. _-.'_.- 48.04 .. -
60 185 65.84 
70 232 82.56 
80 249 . 88.61 
90 255 90.75 

100 260 92.53 
110 269 .- - 95.·73 ... 
120 272 96.80 
130 273 97.15 

Ii 140 279 99.29 
150 279 99.29 
160 279 99.29 
170 279 ·99.29 
180 279 99.29 
190 280 99.64 ... 390 281 100.00 

AVERAGE ERROR = 52.67 
STANDARD DEVIATION = 34.57· 
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FIXED ROUTE AVM SYSTEM RUN 39 

LOCA TION ERROR IN FEET 
5% COMMUNICATION ERRORS ", 

ERROR FREQUENCY DENSITY RUN 39b -'J 
,-

ERROR NO. PERCENT OF " 
INTERVAL SAMPLES SAMPLES 

0- 10 12 4.27 
10- 20 19 6.76 
20- 30 34 12.10 
30- 40 39 13.88 
40- 50 33 11.74 
50- 60 48 17~08 

60- 70 45 16.01 
70- 80 17 6.05 
80- 90 7 2.49 
90- 100 6 2.14 

100- 110 9 3.20 
110- 120 3 1.07 
120- 130 1 0.36 
130- 140 6 _. 2.14 
180- 190 1 0.36 
380- 390 1 0.36 

CUMULATIVE ERRORS _~~~~~I 
ERROR # SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 
", 

10 12 4.27 
20 31 11.03 
30 65 23.13 
40 104 37.01 
50 137 48.75 
60 185 65.84 
70 230 81.85 
80 247 87.90 .. 90 254 90.39 

100 260 92.53 
110 269 95.73 
120 272 96.80 
130 273 97.15 
140 279 99.29 ''I 

150 279 99.29 
160 279 99.29 
170 279 99.29 
180 279 99.29 
190 ~80 99.64 

\.~ 

390 281 10(>.00 
AVERAGE ERROR = 52.69 
STANDARD DEVIATION = 34.75 
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FlXED ROUTE A VM SYSTEM RUN 40 

''I'' LOCATION ERROR IN FEET 
NO COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY. R~N.' 4~~1 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 4 2.67 
10- 20 14 9 .. 33 
20- 30 18 12.00 
30- 40 33 22.00 
40- 50 32 21.33 
50- 60 25 16.67 
60- 70 7 4.67 
70- 80 13 8.67 
80- 90 2 1.33 
90- 100 2 1.33· 

CUMULATIVE ERRORS ,-_~~-~~I' 
". ERI\OR :fI: SAMPLES PERCENT SM1PLES 

LT ERROR LT ERROR 

10 4 2.67 
.. 20 .. 1-8 - 12.00 

30 36 24.00 
40 69 46.00 
50 101 67.33 
60 126 84.00 
70 133 88.67 
80 - . 146 97.33 
90 148 98.67 

100 150 100.00 
AVERAGE ERHOR = 42.65 
STANDARD DEVIATION = 19.07 
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FIXED ROUTE AVMSYSTEMRUN 40 
LOCA TION ERROR IN FEET 

5% COMMUNICATION ERRORS 

ERROR FREllUENCY DENSITY _1!pN~~-qp I 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 4 2.67 
10- 20 13 8.67 
20- 30 20 13.33 
30- 40· 34 22.67 .. 40- 50 34 22.67 
50- 60 24 16.00 
60- 70 5 3.33 
70- 80 12 8.00 
BO- 90 1 0.67 
90-- 100 3 2.00 

CUMULATIVE ERRORS RUN ~Ob j 
ERROR • SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 4 2~67 
20 17 11.33 
30 37 24.67 
40 71 .. -- ._.. . 47.33· 

.. 50 105 70.00 
60 129 86.00 
70 134 89.33 
80 146 97.33 
90 147 98.00 

100 150 ··.100.00 .--
AVERAGE ERROR = 42.0'3 
STANDARD DEVIATION = 1B.77 
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MANUALLY PROCESSED AVM SYSTEM 

RUN4/: 40 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR 

152 19276 53:17 19184 25 CP40 15289 6036 15315 6035 26 
153 19405 53:37 19311 26 TA18 15265 6243 15256 6215 29 
154 19443 53:57 19348 27 TA18 15270 6285 15266 6289 6 
155 19541 54:17 19448 28 TA19 15376 6395 15113 6402 263 
156 19695 54:3'7 19601 28 TA19 14872 6439 14809 6448 64 
157 19829 54:57 19736 29 TA20 14672 6393 14671 6393 1 
158 19880 55:17 19787 29 TA20 14658 6291 14659 6293 2 
159 19951 55:37 19859 29 TA20 14641 6150 1464] 6149 1 
160 20131 55:57 20039 29 TA21 14596 5793 14537 5783 60 
161 20280 56:17 20188 30 CP42 14886 5758 14603 5766 283 
162 20280 56:37 20188 30 CP42 14886 5758 14603 5766 283 
163 20374 56:57 20279 31 TA22 14867 5575 14870 5612 37 
164 20520 57:17 20424 31 TA22 14830 5286 14830 5320 34 
165 20524 57:37 20428 21 TA22 14829 5278 14828 5312 34 

166 20659 57:57 20563 31 CP43 14795 5010 14796 5030 20 
167 20676 58:17 20579 31 CP43 14791 4976 14792 4998 22 
168 20855 58:37 20754 32 TA23 14417 5002 14496 4987 80 
169 20910 58:57 20808 32 TA23 14308 5016 14388 4999 82 
170 21038 59:17 20937 32 TA23 14054 5049 14132 5029 81 
171 21104 59:37 21003 32 CP44 13923 5067 13928 5057 11 
172 21113 59:57 21012 32 CP44 13906 5069 1391 5059 11 
173 21117 60:17 21016 32 CP44 13898 5070 13903 5060 11 
174 21213 60:37 21112 32 CP44 13707 5095 13713 5089 8 

175 21402 60:57 21300 32 CP45 13332 5144 13342 5143 10 
176 21591 61:17 21488 32 CP45 12958 5207 12970 5187 23 
177 21591 61:37 21488 32 CP45 12958 5207 12970 5141 67 

178 21650 61:57 21547 32 CP45 12841 52G'S 12852 5201 14 

179 21884 62:17 21779 32 CP46 12377 5270 12424 5255 49 

180 22063 62:37 21958 33 CP46 12052 5315 .12068 5300 22 

181 22075 62:57 21969 33 CP46 12028 '5318 1204'i 5303 25 

182 22224 63:17 22118 33 CP46 11733 5359 1175 5340 26 

183 22271 63:37 22166 33 CP46 11640 5372 11656 5352 26 

184 22339 63:57 22234 33 CP47 11505 5391 11492 5373 22 

185 22359 64:17· 22254 33 CP47 11466 5397 1145:a 5378 23 

186 22496 64:37 22390 33 CP47 111~ 543~ 1118~ 5416 22 

187 22539 64:57 22432 33 CP47 11109 54461 11100 5428 20 

188 22681 65:17 22573 33 CP47 10828 5486 1082 5467 22 

189 22893 65:37 , 22784 33 'CP49 10408 5544 10399 5521 25 

190 232Q5 65:57 23096 33 CP50 9790 5630 9586 5643 204 

191. 23380 66:17 23271 33 CP51 9443 5679 9504 5654 66 
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RUN # 40 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR 

192 23683 66:37 23574 33 CP51 8843 5763 8904 5735 67 
193 23973 66:57. 2::1863 33 CP52 8269 5843 8263 5824 20 
194 24257 67:17 24146 34 TA24 7732 5909 7736 5891 18 
195 24344 67:37 24233 34 TA24 7559 5919 7563 5912 8 
196 24393 67:57 24280 35 CP53 7470 5932 7474 5968 36 
197 24650 68:17 24536 35 CP54 7557 6439 7542 6504 67 
198 24850 68:37 24736 35 CP54 7625 6833 7634 6894 62 
199 24964 68:57 2484:'7 36 CP55 7683 7032 7721 7027 38 
200 25215 69:17 25099 36 CP55 8180 6966 8219 6961 39 
201 25429 69:37 25312 36 CP56 8605 6910 8676 6905 1 
202 25506 69:57 25388 36 CP56 8757 6890 8827 6887 70 
51{13 25701 70:17 25583 36 CP56 9144 6839 9214 6841 70 

, 
204 25703 70:37 25585 36 CP55 9148 6838 9222 6840 74 
205 25703 70:57 25685 36 CP56 9148 6838 9414 6813 267 
206 26014 71:17 25895 36 CP50 9765 6757 9828 6742 84 
207 26095 71:37 25977 36 CP57 9925 6736 9999 6718 76 
208 26362 71:57 26243 36 CP57 10454 6666 10527 6650 74 
209 26577 72:17 26457 36 CP57 10881 6609 10952 6596 72 
210 26757 72:37 26637 317 CP57 11238 6562 11309 6550 72 
211 26831 72:57 26710 37 CP57 11384 6543 11453 6531 70 
212 26931 73:17 26809 37 CP57 11583 6517 11650 6506 68 
213 26931 73:37 26809 Q'7 CP57 11583 651'1 11650 6506 68 ..,. 
214 27104 73:57 26981 37 CP57 11926 6472 12031 6457 106 . 
215 27318 74:17 27194 37 CP5S 12350 6416 12365 6423 17 
216 27513 74:37 27388 37 CP59 12737 6365 12785 6374 49 
217 27697 74:57 27571 37 CP60 13102 6317 13117 6328 19 
218 27799 75:17 27673 37 CP60 13304 6290 13318 62.94 15 
219 27835 75:37 27710 37 CP60 13370 6281 13391 6281 21 
220 27865 75:57 27740 37 CP61 13435 6272 13476 6268 41 
221 :~8011 76:17 27882 38 TA26 13543 6095 13527 6063 36 
222 28134 76:37 28005 38 TA26 13510 5852 13480 5822 42 
223 28146 76:57 28017 38 TA26 13507 5828 13475 5798 44 
224 28290 77:17 28161 38 CP62 13469 5542 13428 5467 85 
225 28473 77:37 28342 38 CP63 13421 5180 13387 5110 78 
226 28590 77:57 28458 38 CP63 13390 4~48 13375 . 4878 72 
227 28734 78:17 28603 39 TA27 13403 4701 13487 4693 84 
228 28820 78:37 28689 39 TA27 13573 4677 13659 4679 86 
229 28875 78:57 28744 39 TA27 13682 4662 13768 4670 86 
230 29068 79:17 28934 39 CP65 14064 4609 14142 4610 78 
231 29266 79:37 29131 40 CP66 14520 4547 14535 4553 16 
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.. 
RUN Ii 40 --SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG 88G5 AVMX AVMY REF X REFY ERROR 

232 29338 79:57 29203 40 CP66 14663 4529 14678 4533 16 
233 29575 80:17 29438 40 CP66 15133 4469 15143 -4468. 10 
234 29832 80:37 29695 40 CP66 15643 4404 15652 4397 11 
235 29878 80:57 29740 40 CP66 15734 4393 15741 4385 11 
236 29879 81:17 29742 40 CP66 15736 4342 1574.5 4384 12 
237 30080 81:37 29941 40 CP67 16135 4342 16150 4347 16 
238 30269 81:57 30128 40 CP68 16510 4294 16514 4292 4 
239 30335 82:17 30195 4() CP68 16641 4278 16646 4273 7 
240 30549 82:37 30408 40 CP68 17066 4224 17068 4209 15 
241 30549 82:57 30408 40 CP68 17066 4224 17068 4209 15 
242 306a7 83:17 30526 40 CP69 17221 4204 17331 4182 112 
243 30775 83:37 3'0634 40 CP69 17514 4167 17546 4162 32 
244 30845 83:57 30702 41 TA28 17545 4068 17543 4054 14 
245 30974 84:17 30830 41 TA28 17504 3813 17502 3801 12 
246 31081 84:37 30936 41 CP70 17470 3602 17474 3599 5 
247 31216 84:57 31071 42 CP70 17439 3350 17442 3330 20 
248 31349 85:17 31205 43 TA29 17529 3178 17566 3176 37 
249 31595 85:37 31450 43 TA29 18018 3133 18055 3131 37 
250 31815 85:57 31670 43 TA29 18456 3092 18493 3090 37 
251 31847 86:17 31702 43 TA 18520 3085 18557 3084 37 
252 31960 86:37 31817 43 TASO 18745 3065 18754 31.04' 40 
253 32057 86:57 31913 43 TA30 18774 3250 18766 3296 47 
254 32140 87:17 32000 44 TA30 18793 3414 18776 3469 58 
255 32279 87:37 32131 44 CP72 18826 3690 18807 3729 43 
256 32445 86:57 .' 32297 44 CP72 18865 4018 18857 4057 40 
257 32609 87:17 32459 44 CP72 18914 4435 18905 4376 60 
258 32766 87:37 32618 45 TA31 18693- 4463 18653 4461 40 
259 32824 87:57 32676 45 TA3I' 18578 4476 18538 4472 43 
260 32947 88:17 32798 45 CP73 18334 4505 18.304 4502 30 
261 3~O46 88:37 32897 45 CP73 18137 4528 18'107 4529 ro 
262 33271 88:57 33122 45 CP73 17690 4580 17662 4591 30 
263 33287 89:17 33137 45 CP73 17658 4584 17632 4595 28 
264 33305 89:37 33155 45 CP74, 17623 4588 17615 4598 13 
265 33495 89:57 33345 45 CP74 17245 4633 17238 4642 11 

266 33695 90:17 33544 45 CP74 16917 4679 16842 4689 14 
267 33875 90:37 33723 45 CP75 16490 4721 16464 4739 32 
268 33964 90:57 33812 45 CP75 16401 4742 16288 4763 115 
269 33964 91:17 33812 45 CP75 16401 4742 16288 4763 115 
270 34043 91:37 33891 45 CP75 16250 4760 16131 4785 112 
271 M249 91:57 34095 46 CP75 15961 4786 15727 484~J 241 
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AvM SYSTEM ERROR STATISTICS, RUN 40 

ERROR FREQUENCY DENSITY RUN 40 

Error No. Percent of 
Interval Samples Samples 

0- 10 14 5.2 
10- 20 37 13.75 
20- 30 37 13.75 
30- 40 48 17.84 
40- 50 43 15.98 
50- 60 26 9.66 
60- 70 17 6.31 
70- 80 24 8.92 
80- 90 10 3.71 
90-100 C') .'74 "" 

100-110 1 .37 
110-120 4 1.48 
200-210 1 .37 
240-250 1 .37 
260-270 2 .74 
280-290 2 .74 

Cumulative Errors Run 40 

Error Samples Percent Samples 
LT Error LT Error 

~ 

10 14 5.2 
20 51 18.95 
30 88 32.7 
40 136 50.5 
50 179 66.54 
60 205 76.2 
70 222 82.5 
80 246 91.44 
90 256 95.16 

100 258 95.91 
110 259 96.28 
120 263 97.76 
210 264 98.14 

.., 
250 265 98.51 
270 267 99.25 
290 269 100.00 

<r 
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... FIXED ROUTE AVM SYSTEM RUN 41 

LOCA TION ERROR IN FEET 

NO COMMUNICATION ERRORS 

E:RROR FREQUENCY DENSITY RUN 41a 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES---- -SAMPLES--

0-
10-
20-
30-
40-
50-
60-
70-
80-

100-
1.10-
190-

10 
20 
30 
40 

46 
69 
24 
47 

50- - 51 
60 
70 
80 
90." 

110" 
12(>.y ... -
200 ·,il 

27 
38 
10 

8 
7 
1 - - '-_.,-
1 

13.98 
20.97 

7.29 
14.29 
15.50 - -
8.21 

11.55 
3.04 
2.43 
2.13 
0.30 -
0.30 

CUMULATIVE ERRORS RUN 41a I 
ERROR I SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 46 
20 115 
30 139 
40 186 
50- 237 
60 264 
70 302 
80 312 
90 320 

100 320 
110 327 
120 328 
130 328 
140 328 
150 328 
160 328 
170 328 
180 328 
190 328 
200 329 

AVERAGE ERROR = 
STANDARD DEVIATION = 
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13.98 
34.95 
42.25 
56.53 
72.04 
80.24 
91.79 
94.83 
97.26 
97.26 

. 99.39' 
99.70 
99.70 
99.70 
99.70 
99.70 
99.70 
99.70 
99.70 

1'00.00 
37.26 
25.74 



FIXED ROUTE AVM SYSTEM RUN 41 

LOCA TION ERROR IN FEET 
5% COMMUNlCA TION ERRORS 

.. 
ERROR FREQUENCY DENSITY RUN 4lb -- -

" 

ERF~OR NO. PERCENT OF 
INTERVAL SAMPLES SA1'1PLES 

0- 10 47· 14.29 
10- 20 68 20.67 
20- 30 25 7.60 
30- 40 46 13.98 
40- 50 49 14.89 
50- 60 27 8.21 
60- 70 38 11.55 
70- 80 9 2.74 
80- 90·' - a 2.43 
90- 100 1 0.30 

100- 110 8 2.43 
110- 120 1 0.30 
190- 200 1 0.30 

****-**** 1 0.30 

CUMULATIVE ERRORS i_ RUN ~~b_'--"1 
,... 

ERROR :J: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR 

10 47 14.29 
20 115 34.95 
30 140 42.55 
40 186 56.53 
50 235 71.43 
60 262 79.64 
70 300 91.19 
80 309 93.92 
90 317 96.35 

100 318 96.66 
110 326 99.09 
120 327 99.39 
130 327 99.39 
140 327 99.39 
150 327 99.39 
160 327 99.39 
1,70 327 99.39 
180 327 99.39 

;;-

190 327 99.39 
200 328 99.70 
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FlXED ROUTE A VM SYSTEM RUN 42 

LOCATION ERROR IN FEET 

NO COMMUNICATION lmRORS 

ERROR FREQUENCY DENSITY RUN 42a I 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 18 7.79 
10- 20 26 11.26 
20- 30 38 16.45 
30- 40 26 11.26 
40- 50 38 16.45 
50- 60 20 8.66 
60- 70 24 10.39 
70- 80 17 7.36 
80- 90 10 4.33 
90- 100 7 3.03 

100- 110 3 1.30 
110- 120 1 0.43 
140- 150 1 0.43 
150- 160 1 0.43 
370- 380 1 0.43 

CUMULATIVE- ERRORS' __ ~~_ 42~, J 
ERROR • SAMPLES PERCENT SAMPLES 

L~_.ERROR LT ERROR 

10 18 7.79 
-.~--'- 20-.. --··'44-----'· 19.05 ---

30 . 82 35.50 
40 loa' . . 46.75 
50 146 63.20 
60 166 71.86 
70 190 82.25 
80 207 89.61 
90 217 93.94 

100 224 96.97 
110 227 98.27 
120 228 99.70 
130 228 98.70 
140 228 98.70 
150 229 99.13 
370 230 99.57 
380 '-231 " -_ .. ---'100-.00--' . ---

AVERAGE ERROR ~ 45.44 
STANDARD DEVIATION = 34.42 
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FIXED ROUTE AVM SYSTEM RUN 42 

LOCA TION ERROR IN FEET ·If 

5% COMMUNICATION ERRORS 

ERROR FREQUENCY DENSITY RUN 42b 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

0- 10 19 8.23 
10- 20 27 11.69 
20- 30 39 16.88 
30- 40 27 11.69 
40- 50 36 15.58 
50- 60 21 9.09 

.·60- 70 20 8.66 
70- 80 16 6.93 
80- 90 12 5.19 
90- 100 7 3.03 

100- 110 4 1.73 
140- 150 1 0.43 
150- 160 1 0.43 
370- 380 1 0.43 

AI' 

CUMULATIVE ERRORS RUN 42b 

ERROR :I: SAMPLES PERCENT SAMPLES 
LT ERROR LT ERROR ~ 

10 19 8.23 
20 46 19.91 
30 85 36.80 
40 112 48.49 
SO 148 64.07 
60 169 73.16 
70 189 81.82 
80 205 88.74 
90 217 93.94 

100 224 96.97 
110 228 98.70 
120 228 98.70 
130 228 98.70 
140 228 . 98.70 
150 229 99.13 
370 230 99.57 
380 231 100.00 

AVERAGE ERROR = 44.80 -STANDARD DEVIATION = 34.56. 
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----- ---

FIXED ROUTE A VM SYSTEM RUN 43 

LOCATION ERROR IN FEET 

NO COMMUNICATION ERRORS 
ERROR FREQUENCY DENSl TV Bl!N 43~ I 

ERROR NO. PERCENT OF 
INTERVAL SAMPLES SAMPLES 

_0-____ . 10 10 5.38._. _____ -_ .... - . -~.~ .... ~ 

10- 20 15 9.06 
20- 30 16 8.60 
30- 40 20 10.75 
40- 50 31 16.67 
50- 60 27 14.52 
60- 70 6 3.23 
70- 80 30 . 16.13 --.-. 
80- 90 10 5.38 
90- 100 6 3.23 

100- IH} 5 2.69 
110- 120 2 1.08 
120- 130 2 1.08 
130- 140 2 1.08 
140- 150 3 1.61 
220- 230 1 0.54 

CUMULATIVE ERRORS RU~ ~;~~I 
ERROR ",SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR 

10 10 5.38 
20 .. 25· . 13.44 
30 41 22.04 
40 61 32.80 
50 92 49.46 
6Q 119 63.98 
70 125 67.20 
80 155 83.33 
90 165 a8.71 

100 171 91.94 
110 176 94.62 .. 120 178 95.70 
130 180 96.77 
140 182 97.85 
~_5.Q 185 99.46. 
220 185 99.46 
230 186 100.00 

AVERAGE ERROR = 54.89 
STANDARD DEVIATION = 32.86 
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· FIXED 'ROUTE AVM SYSTEM RUN 43 

LOCA TrON ERROR IN FEET 

5% COMMUNICATION ERRORS :,.' 

ERROR FREQUENCY DENSITY ~~~;~ 
ERROR NO. PERCENT OF 

INTERVAL SAMPLES SAMPLES 

0- 10 10 5.38 
10- 20 16 8.60 
20- 30 16 8.60 
30- 40 19 10.22 
40- 50 30 16.13 
50- 60 27 14.52 
60- 70 6 3.23 
70- 80 30 16.13 
80- 90 10 5.38 
90- 100 6 3.23 

100- 110 5 2.69 
110- 120 3 1.61 
120- 130 2 1.08 
130- 140 2 1.08 
140- 150 2 1.08 
170- 180 1 0.54 
220- 230 1 0.54 

CUMULATIVE ERRORS Rtrn:~3~1 
ERROR * SAMPLES PERCENT SAMPLES 

LT ERROR LT ERROR ''( 

10 10 5.38 
20 26 13.98 
30 42 22.58 
40 61 32.80 
50 91 48.92 
60 118 63.44 
70 124 66.67 
80 154 82.80 
90 164 88.17 

100 170 91.40 
110 175 94.09 
120 178 95.70 
130 180 96.77 
140 182 97.85 
150 184 98.92 
160 184 98.92 

"170 184 98.92 
180 185 99.46 
230 186 100000 r 

AVERAGE ERROR = 55.22 
STANDARD DEVIATION = 33.71 
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MANUALLY PROCESSED FIXED ROUTE 

RUN I 43 SYSTEM LOCATION ERRORS (NO COMMUNICATION ERRORS) 

PCP ODOM TIME FIFTH STSEG SSG5 AVMX AVMY REF X REFY ERROR 

186 56382 62:10 56154 38 CP62 13490 5697 13447 5617 91 
187 56706 62:41 56480 38 CP62 13447 5376 134U 5293 88 
188 57232 63:07 57002 38 CP64 13378 4855 13354 4673 184 
189 57380 63:27 57156 38 TA27 13358 4707 13454 4696 97 
190 57670 63:47 57444 39 TA27 13644 4667 13740 4672 96 
191 57680 64:07 57456 39 TA27 13654 4666 13752 4671 108 
192 58042 64:2.7 57816 39 CP65 14013 4615 14111 4615 98 
193 58366 64:47 58136 40 CP66 14417 4560 14436 4567 20 
194 58784 65:07 58556 40 CP66 14831 4507 14852 4509 21 
195 59280 65:27 59048 40 CP66 15324 4445 15339 4441 16 
196 59682 65:47 59450 40 CP66 15722 4394 15737 4386 17 
197 60094 66:07 59860 40 CP67 16131 4342 16138 4348 9 
198 60580 66:27 60342 40 CP68 16613 4281 1660r. 4279 6 
199 61116 66:47 60878 40 CP69 17145 4214 1717 4197 31 
200 61540 67:07 61296 41 TA28 17559 4155 1755f 4147 8 - 201 61686 67:27 61622 41 TA28 17507 3831 J.750li 3826 5 
202 62144 6.7:47 61894 41 CP70 17463 3559 1747~ 3561 7 
203 62440 68:07 62190 42 CP70 17436 3452 17434 3267 185 
204 62750 68:27 62506 43 TA29 17604 3172 17674 3166 70 
205 63184 68:47 62938 43 TA29 18036 3131 18104 3126 68 
206 63482 69:07 63232 43 TA29 18333 3103 18397 3099· 64 
207 63736 69:27 63488 43 TA29 18586 3080 18652 3076 66 
208 63932 69:46 63684 44 TA30 18755 3093 18746 3168 76 
209 64268 70:06 64018 44 TA30 18795 3426 18726 3501 102 
210 64594 70:26 64342 44 CP72 18833 3750 18847 3996 246 
211 64976 70:46 64720 44 CP72 18878 4129 18904 4370 242 
212 65168 71:06 64912 44 CP72 18900 4319 1893~ 4560 243 
213 65240 71:26 64986 44 TA31 18909 4391 1889E 4438 48 
214 65596 71:46 65344 45 TA31 18606 4473 .1854~ 4472 64 
215 65600 72:06 65356 45 TA31 18594 4474 1853( 4473 64 
216 65904 72:26 65560 45 CP73 18300 4509 1826( 4508 40 

217 66272 72:46 66016 45 CP73 17935 4552 1789'4 4559 39 
218 66752 73:06 66496 45 CP74 17458 4608 174U 4621 42 

219 67058 73:26 ·66800 45 CP74 17154 4643 1736~ 4627 216 

220 67416 73:46 67156 45 CP74 16798 4685 1676~ 4698 37 

221 67416 74:06 67156 45 CP74 16798 4685 . 1676~ 4698 37 

222 67590 74:26 67330 45 CP75 16625 4705 . 1659'j 4720 <;> ... 
cllJ 

223 68052 74:46 67790 45 CP75 16166 4759 1614 4784 35 
224 . 68524 75:06 68260 46 CP75 15706 4822 1567E 4849 40 
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FIXED ROUTE A VM SYSTEM ERRORS, RUN 43 

ERROR FREQUENCY DENSITY RUN 43 

Error No. Percent of 
Interval Samples Samples 

0- 10 15 6.66 
10- 20 18 8.0 
20- 30 17 7.5 .. 
30- 40 28 12.44 
40- 50 33 14.66 
50- 60 27 12.0 
60- 70 11 4.8 
70- 80 32 14.22 
80- 90 11 4.88 
90-100 10 4.44 

100-110 7 3.11 
110-120 2 .88 
120-130 2 .88 
130.;..140 2 .88 
140-150 3 1.33 
180-190 2 .88 
2'20-230 1 .44 
210-220 1 .44 
240-250 3 1.33 

Cumulative Errors Run 43 

Error Samples Percent Samples 
LT Error LT Error 

'!' 

10 15 6.66 
20 33 14.66 
30 50 22.22 
40 78 34.66 
50 111 49.33 
60 138 61.33 
70 149 66.22 
80 181 80.44 
90 192 85.33 

100 202 89.77 
110 209 92.88 
120 211 93.77 
130 213 94.66 
140 215 95.55 
150 218 96.88 
190 220 97.77 
220 221 98.22 
230 222 98.66 
250 225 100.00 
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RESULTS Oll,' IMPosmQ 5 PERCENT COMMUNICATION ERROR 
RATE ON MANUALLY COMPUTED DATA FROM RUNS 24, 

34,40,AND 43 

PCP * Error with No Com- Error with 5% 
Run No. Number munication Errors Communication Errors 

24 233 8 7 

34 171 34 34 
34 192 11 40 
34 233 152 4 
34 261 4 4 
34 288 60 60 

40 171 11 34 
40 192 67 68 
40 233 10 12 
40 261 30 29 

43 192 98 86 

* The PCP number on which communication errors were simulated were those 
determined by the use of the Random Number Table in FRSYS. 
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4.2.3 Fixed Route One-Tenth Mile Averages 

Ou1put data from the FRTEN program are presented herein for each 
Fixed Route data run. Each entry corresponds to the average error for all 
samples taken over 528 foot segments of the run. The format is as follows: 

Segment Segment ---------- -------- Segment 

1 2 10 

Segment Segment ------------------ Segment 

11 12 20 

On Run 14, Segments 74, 75, and 76 produced average errors of 743 , )999, 
"W1d 752 feet. As explained fully in Section 8 of Volume I, analysis of the in
dividual records in these segments indicate no single error of that magni1nde. 
As was observed and verified in one or two other instances, it is assumed 
that these errors resulted from a tape read error. Note that the errors asso
ciated with these same three street segments on the other runs do not approach 
these values. For example, the maximum average value computed for the 
other 28 runs over any of these three street segments was 73 feet. 

On Run 31, Segments 10 and 11 have errors of 390 and 329 feet 
respectively. These errors occurred in the region in which 5th wheel errors 
were observed and noted on the log sheet. 
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I~UN 11 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

65 55 46 37 22 20 32 54 69 57 
79 86 82 71 79 59 8 15 76 100 
72 58 26 24 60 30 15 47 50 46 
39 37 40 46 27 12 25 41 SO 47 
46 38 116 32 26 45 48 60 88 72 
73 50 40 39 30 26 14 14 20 15 

* 18 43 51 61 57 32 29 26 14 8 
CTURUN011.001 

11 10 69 46 49 10 12 6 66 82 
81 20 17 26 26 24 23 40 31 27 
31 32 49 57 73 74 63 79 79 72 "';\ 

71 34 64 28 51 86 96 :\.07 110 58 
57 53 39 44 71 54 6 8 22 140 
34 28 29 29 13 20 37 55 

"'~ 

RUN 12 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

42 35 27 25 25 25 30 61 62 60 
94 98 89 83 86 41 17 43 93 105 
82 71 28 53 46 26 14 74 74 55 
26 "'7 

.A::~ 21 19 29 15 23 58 96 51 
50 53 109 95 84 29 40 61 82 69 
69 34 45 56 49 37 21 23 21 11 

* 24 66 54 62 53 23 22 25 22 10 
CTURUN012.001 

11 4 53 38 13 33 15 23 52 63 
~ 47 22 "..,..~ 25 113 27 30 38 22 26 ~ .. ..:.. 

29 34 53 69 75 76 81 98 96 88 
88 51 65 51 71 102 121 115 88 62 
64 57 53 60 76 60 31 42 49 65 
57 59 64 61 50 56 75 61 

... 
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RUN 13 FIXED ROUTE i; 

AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

28 25 18 16 14 13 4 34 25 31 
59 61 60 43 44 19 2 36 65 87 
76 57 23 39 60 30 17 47 49 49 
45 45 42 26 14 20 17 39 105 85 
80 73 115 142 155 31 34 49 71 52 
40 50 58 54 34 29 13 24 19 10 

* 23 52 55 36 16 36 71 19 27 38 
CT1:RUN013.001 

39 57 52 130 78 124 116 132 53 43 
72 35 17 27 38 33 34 44 29 34 
32 43 68 80 82 83 75 94 93 68 
67 34 45 27 44 87 87 89 50 19 
17 19 15 21 41 22 20 36 38 47 
46 44 49 48 29 37 53 41 

IiUN 14 FIXED ROUTE '-' AVEF<AGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

22 10 14 19 24 23 10 41 42 26 
61 75 67 40 32 25 6 10 81 104 
80 66 39 36 74 33 20 23 25 23 
15 14 14 16 23 9 37 78 96 66 
62 55 127 48 21 39 . 41 48 81 68 
58 53 53 45 16 16 14 12 21 15 

6 40 82 743 *** 752 98 44 61 65 
57 53 37 37 29 43 32 37 36 36 
28 15 17 30 36 32 31 34 30 25 
19 55 75 

... 
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RUN 15 FIXED r';:OUTE 
AVEIi:AGE EF~Rm~ IN FEET OV(';'I:~ ONE··-TENTI-I MILE SEGMENTS 

31 29 20 :l4 B 6 r) 56 :1.4 42 .. 60 61 48 48 43 28 :l6 45 98 112 
87 67 47 82 48 :l9 :l5 22 20 18 
15 14 :1.2 :1.7 13 12 !55 :l08 71 69 
63 :lO4 96 B7 65 40 49 75 79 67 
74 31 ~57 :37 35 13 19 29 :l4 B 
26 62 3B :32 17 3B :32 :l6 ~58 33 
30 45 49 :1.27 B3 125 10:l :l:1. 0 50 55 
7'") ..:.. 13 22 32 39 :3:1. :38 36 23 56 

* 19 25 40 45 46 44 47 53 57 58 
CT1: Ii:UNO:l5. OO:l 

39 36 27 32 61 B5 90 91 24 20 
21 26 26 39 43 14 34 3!5 39 44 
33 46 4!5 3~~ 2:l ;38 6:1. 

RUN 16 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

40 28 24 21 17 16 39 73 51 54 
80 86 76 66 59 53 25 39 96 114 
81 73 45 63 69 29 16 35 35 32 
26 26 25 22 10 8 11 25 114 81 
78 74 140 39 35 29 34 51 69 54 
36 38 49 50 40 27 15 24 23 17 
27 56 55 47 35 10 16 18 16 14 
13 12 54 31 70 16 26 20 98 84 
59 22 21 36 47 41 32 21 27 31 
45 47 55 66 65 67 72 84 77 53 

* 53 20 37 9 35 60 58 56 42 30 
CTURUN016.001 

30 23 16 27 48 31 23 34 40 48 
42 45 50 44 17 30 50 50 

4-231 



FWN 17 FIXED FWUTE 
AVERAGE EI:;:I:;:OR IN FEET OVEF.: ONE-TENTH MILE SEGMENTS ." 

105 98 93 86 82 43 41 80 50 61 
89 9l '78 78 76 32 29 57 97 U3 
87 63 43 83 40 25 37 45 43 34 
29 27 27 14 33 28 77 73 46 45 
38 67 77 15 :1,9 41 42 74 70 62 
58 3'"' ,J 49 47 45 23 28 31 17 :21 
42 73 49 ;33 16 15 13 10 29 24 

* 26 37 46 6 47 9 8 42 92 9:1. 
CT1: RUNO:1. 7.001 

46 13 20 25 27 :l9 38 35 30 32 
25 40 60 6:1. 63 65 66 73 62 54 
40 50 28 ;38 57 10:l 92 96 10 8 
12 10 5 ~52 2'7 14 4 2 25 33 
19 27 20 14 9 27 ~54 

"( 

RUN 18 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

57 58 59 52 42 41 5 27 42 29 
51 59 60 52 47 37 16 34 106 111 
98 71 45 63 87 28 18 54 54 47 

'33 31 28 30 14 11 27 42 85 72 
66 57 93 51 41 20 25 39 54 37 
48 45 54 49 32 28 16 32 25 15 

* 21 49 51 38 20 44 88 45 53 59 
CTl: RUN018. 001 

56 61 39 256 55 105 106 142 38 46 ~ .. 
63 23 19 27 30 31 34 47 35 32 
27 33 53 69 68 70 64 71 72 65 
65 55 55 30 44 92 104 104 95 31 
30 29 18 23 42 24 15 19 19 36 
33 24 24 24 18 10 29 57 

. .' 
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RUN 20 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

if 19 6 20 26 33 35 28 53 57 52 
73 86 84 70 73 48 7 15 62 83 
45 34 13 12 38 30 19 54 65 71 

* 53' 61 61 54 28 8 30 48 116 83 
CT1:RUN020.001 

83 66 111 64 61 20 24 23 37 9 
7 79 96 64 50 46 36 47 42 36 

48 73 93 46 25 51 66 61 53 16 
12 30 103 154 83 127 131 146 75 70 

49152.0 49152.0 0.0 0.0 0.0 0.0 20 0 
?ERR 12 FLOATING ZERO DIVIDE 
HI ROUTINE ".MAIN. D LINE 148 

I:;:UN 21 FIXED ROUTE 
AVERAGE EI:;:r~Or~ IN FEET OVER ONE-TENTH MILE SEGMENTS 

'. 29 16 14 17 24 :30 :l1 21 41 69 
29 30 23 17 11 5 10 17 76 87 
62 39 7 18 49 27 22 65 81 75 
54 68 69 60 21 11 14 78 85 91 
94 90 :l09 :1.55 126 21 17 35 31 15 
32 89 109 31 :~6 22 26 40 30 30 
39 82 71 58 42- 29 37 29 32 28 

* 28 70 66 123 89 :l26 109 117 61 63 
CT1:RUN021.001 

77 21 28 32 24 31 66 61 32 56 
25 16 22 23 15 15 23 24 25 28 
20 24 22 8 :35 53 39 30 :l7 12 

9 9 16 22 2 6 9 2 22 27 
7 8 :l4 18 ,., ... 

"" ... ~ 15 57 
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HUN 22 FIXEr. ROU'fE "1. 

AVERAGE: ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

49 33 21 13 10 12 6 13 13 14 
41 39 26 18 19 9 7 30 52 71 

... 
38 16 19 34 39 40 47 65 89 73 
76 91 84 53 16 21 23 116 112 120 
85 149 65 45 22 25 23 44 18 22 
63 72 89 66 66 46 60 53 46 72 
92 96 75 43 21 32 27 17 13 25 
71 74 101 69 135 127 138 63 73 83 

* 29 23 22 24 20 42 68 20 58 37 

CT1:RUN022.001 

31 40 40 24 29 44 45 34 25 20 
19 24 20 37 35 29 36 30 21 10 

9 22 25 12 28 20 30 23 34 33 
39 31 49 63 49 48 

Ii 

I~UN 23 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

',", 

15 4 18 22 17 22 6 30 13 13 
23 32 21 14 9 9 22 25 41 53 
34 20 43 42 43 58 55 71 97 89 
85 103 90 56 14 22 14 107 104 107 

100 152 64 43 38 24 17 47 25 13 
45 69 71 49 54 36 48 55 54 70 
88 84 56 23 29 67- 15 30 29 21 

*11 95 106 120 144 150 169 108 96 127 
CTHRUN023.001 

64 28 20 22 21 32 75 37 53 46 
28 39 52 53 39 37 43 39 32 26 
15 18 22 33 40 47 40 17 7 7 
10 31 37 17 44 31 47 26 33 42 
39 38 52 72 57 56 
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RUN 24 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

25 55 32 16 15 20 30 55 48 51 
64 62 52 41 44 23 12 24 53 67 
40 23 24 34 30 31 34 72 100 89 

!< 76 97 87 54 4 19 55 75 102 105 
102 136 124 57 49 28 13 35 21 8 

35 71 99 57 66 33 49 60 40 57 
77 109 98 63 64 32 31 23 16 22 
32 94 90 136 122 156 158 129 100 115 

* 93 15 23 21 25 30 61 54 49 42 
CT1:RUN024.001 

25 37 46 50 43 47 49 43 31 27 
16 20 19 18 

.. 
RUN 25 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

T 

34 13 13 12 8 4 9 37 27 24 
50 53 42 28 25 16 6 21 61 83 
53 40 7 26 42 39 43 77 102 97 
84 100 83 68 5 16 8 74 98 96 
90 123 

'?rlt: ~~~~25. 001 
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RUN 26 FIXED I=i:DUTE 
AVERAGE E~-::FWR IN FEET DVER ONE-TENTH tlILE SEGMENTS 

16 3 18 27 34 34 7 30 39 14 
32 40 38 ::.!4 29 9 5 4 61 77 
60 42 12 :lO 45 30 :1.6 52 70 78 .. 
51 66 68 64 27 16 12 20 :1.01 91 
87 71 150 80 31 22 26 30 49 34 
19 89 95 64 ;34 26 9 28 31 ,.,0::-,. ... ,,) 

156 62 n5 !'54 41 23 39 14 16 17 
16 1'" "'" :1.9 20 22 36 25 3f:l 39 38 

* 23 14 2:1. 26 25 23 25 4(;> 30 24 
CT1:RUN026.001 

23 27 38 48 51 50 41 57 57 56 
56 21 28 U. 31 !57 61 ~:58 52 27 
25 22 24 33 35 14 :1.4 25 26 30 
26 16 19 20 :L 0 U. 20 58 

RUN 27 FIXED ROUTE ,. 
AVERAGE ERROR IN FEET OVER ONE-TENTH ~HLE SEGMENTS 

46 34 :l7 12 9 12 40 60 5(? 68 
88 87 78 74 66 30 9 26 67 78 
50 28 6 31 36 23 34 64 78 7:l 
64 71 illS 34 7 16 22 84 70 70 
60 105 (r8 37 33 31 30 57 67 49 
41 4:l 69 !'50 !50 30 32 39 29 ~56 

51 86 75 29 21 38 ;38 :l2 29 14 
15 51 34 10!5 62 113 95, 90 34 33 

* 64 14 22 61 71 2:l 34 41 27 40 
CTURUN027.001 

16 24 42 53 58 48 43 45 4") ." 39 
11 20 16 :1.0 36 57 58 67 35 :~9 
30 :1.9 13 41 8 37 27 27 24 33 
22 :l7 :l6 2:1. 42 18 53 
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RUN 28 FIXED FmUTE 
t AVERAGE E~\:R()I~ IN FEET OVER ONE·-TENTH MILE SEGMENTS 

23 8 1:3 15 17 1.6 8 28 50 38 
63 67 67 67 46 33 20 57 90 102 
76 !5S 35 46 64 29 16 56 67 62 
40 43 42 47 12 13 22 42 85 59 
57 57 1:35 21 21 24 :31 50 63 45 
35 56 75 55 52 34 25 45 37 36 
50 71 63 66 57 23 31 30 24 12 

* 15 7 :33 16 44 13 8 :1.4 67 65 
CT1:RUN028.001 

44 13 19 22 37 22 34 44 36 33 
21 28 56 71 73 73 69 68 68 67 
62 33 45 30 52 77 88 84 24 1.1 
12 7 2 16 25 21 31 29 19 25 
34 20 14 19 42 25 27 62 

Ii. 
RUN 29 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

.,.. 
38 23 12 11 9 15 11 41 10 14 
41 42 36 34 26 22 22 46 91 97 
70 49 20 51 44 28 39 67 79 73 
65 68 62 43 17 20 18 70 57 54 
50 81 159 58 49 23 15 17 32 35 
41 43 65 24 26 17 20 31 27 28 
36 71 55 52 29 27 32 24 8 11 
13 19 59 11 50 23 8 28 55 59 

* 34 13 20 22 27 19 43 51 38 47 
CT1:RUN029.001 

31 22 34 40 41 37 27 26 31 50 
35 43 49 34 55 85 97 98 15 5 

8 13 7 20 33 10 41 46 56 66 
5' 59 54 61 50 31 47 63 

4-237 



-~-- ---~- --

RUN 30 FIXED ROUTE 
AVERAGE ERr-i:OR IN FEET OVEI:;: ClNE--TENTH MILE SEGMENTS 

."'1 

24 8 13 14 20 1'7 ,,1:'00 
":.,,,,,) 4~~ 50 36 

49 71 62 4'7 4:1. 31 :l:I. :1.13 79 :t04 
70 51 20 20 59 31 23 67 77 83 
60 68 69 76 33 8 28 4B 72 67 
65 59 120 20 21 32 34 4r.-;) 68 51 
39 48 60 '75 68 64 48 56 53 51 
52 79 (17 '7:l 48 20 :l6 10 10 9 

* 15 1'7 68 21 29 47 ~U 25 42 40 

CT1tRUN030.001 

33 13 20 23 24 23 28 52 28 ;":H 

38 28 43 50 f57 62 65 70 70 49 
50 19 41 10 28 59 63 6:l 59 35 
37 25 21 28 40 24 9 1'7 :1.8 3~5 

37 36 42 43 16 20 41 43 

I~UN 31 FIXED ROUTE J, 

AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

48 47 45 40 99 312 159 43 61 390 
329 89 89 70 69 61 29 17 49 103 
105 73 49 27 60 37 17 28 46 55 

45 37 40 46 18 6 15 1 86 81 
79 73 107 126 26 25 32 29 56 63 
39 21 40 66 44 43 22 24 38 25 
23 33 77 68 37 12 54 54 27 43 
29 35 113 34 118 71 126 102 113 47 

* 46 76 13 21 33 39· 32 32 32 27 

CTl: RUN031.001 

34 28 36 45 49 49 55 57 51 54 
55 43 32 26 24 58 76 83 78 51 
30 32 18 16 38 27 13 2 2 17 1.:) 

30 15 21 25 22 9 20 36 
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t RUN 34 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

88 74 64 61 58 52 30 62 40 45 
'I! 71 73 70 57 71 51 25 33 70 94 

67 49 10 23 50 27 16 45 54 57 
45 54 55 52 24 11 7 17 159 77 
7.1 55 146 61 56 21 15 22 34 16 
25 86 97 36 32 16 21 24 26 24 
39 74 77 58 47 22 33 

RUN 35 FIXED ROUTE 
AVERAGE EI~FWI~ IN FEET DVER ONE~TENTH MILE SEGMENTS 

"" 55 38 27 19 :1.3 7 8 26 22 12 
43 45 36 28 26 :1.0 5 14 49 76 
51 23 7 21 44 ~~7 36 68 80 80 
63 73 78 67 19 :L:l 12 15 76 86 
84 '77 :1.40 ~':1. 33 22 22 37 ~j4 42 
33 127 128 ~5 :1. 45 39 19 25 32 30 
35 72 70 68 63 24 20 37 ~~4 29 

* 39 43 66 :1.6 41 16 10 22 62 58 
CT1:RUN035.001 

" 

38 13 :1.9 27 28 26 :34 55 2:1.· ~58 

38 26 2:1. :34 4"" "J 44 43 50 50 6B 
63 30 43 23 39 68 76 67 3") , oW 22 

.;~ 
20 8 4 16 10 6 9 5 7 22 
12 6 6 :to 25 :1.9 29 
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F.:UN 36 FIXED ROUTE 
AVERAGE EFmOr.: IN FEET OVER ONE-TENTH MILE SEGMENTS 

~j7 34 26 :1.7 B 6 2 ~~4 13 "7 
24 23 :1.6 :1.4 :1.2 10 8 30 82 <)2 

~ 

63 45 12 40 ~58 24 ~5:l 54 6:1. 62 
61 68 69 42 :1.7 14 20 :5:1. 75 74 
71 98 92 38 37 24 19 44 4~~ 2~: 

37 :59 79 38 40 30 33 46 61 55 
51 98 88 40 22 43 43 :1.2 23 l4 
17 8:5 99 :1.32 93 152 128 139 '78 70 

104 24 :~:~ 20 24 :L8 42 48 21 43 

* 25 42 53 62 65 67 69 69 70 69 

Cn.!RUN036.001 

56 40 ;36 2<) 52 82 86 85 22 15 
:L4 9 1::-

,.I 19 1.9 :q 65 68 28 33 
31 2~5 22 32 4:5 :19 48 

~ 

RUN 37 FIXEI) ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS . ., 

64 45 23 18 15 13 12 49 22 20 
26 39 29 16 15 4 21 24 88 l05 
78 72 30 29 59 30 27 58 71 72 
55 66 75 70 27 10 30 53 96 82 
80 64 115 58 51 22 21 32 43 26 
18 80 94 49 41 56 108 31 38 39 
52 84 77 43 12 51 56 23 33 31 
27 73 36 133 71 119 103 121 59 59 

* 80 18 19 22 26 20 35 52 20 38 
CT1:RUN037.001 

25 45 60 66 62 65 66 61 66 79 
71 53 47 36 60 81 92 79 38 24 :'/ 

22 12 3 20 14 6 12 12 21 37 
20 15 15 14 21 17 28 
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RUN 38 FIXED ROUTE 
AVERAGE ERROR IN FEET 

Ji-

48 45 29 18 
79 82 75 5? 

• 69 51 8 24 
57 66 72 60 
54 53 95 34 
24 67 87 35 
36 73 74 42 
31 24 91 45 
64 58 63 79 

* 21 52 65 72 
CTURUN038.001 

68 42 49 24 
21 14 5 32 
17 15 13 14 

RUN 39 FIXED ROUTE 
AVERAGE ERI~OF~ IN FEET 

,. 106 9°7 88 77 
68 69 62 56 
53 30 4 H) 
6\5 67 70 on 
54 ~56 126 52 

6 76 97 t::-I:;-
.. J .. J 

53 81 87 ~58 

* 16 25 28 :1008 
Cn!RUN039.()Ol 

97 36 .., ...... 
A",;;;} 21 

28 29 49 61 
38 61 33 10 
45 4:5 38 42 
55 55· 56 52 

OVER 

11 
56 
50 
37 
35 
29 
14 
62 
88 
70 

48 
17 
18 

OVER 

63 
61 
38 
41 
44 
47 
47 
67 

23 
65 
34 
50 
34 

ONE-TENTH 

7 39 
40 26 
28 27 
27 38 
26 26 
24 17 
57 63 
19 42 
80 49 
70 77 

74 79 
5 20 

16 36 

ONE--TENTH 

54 34 
:1.8 -4 
28 2~3 

31 ~'57 

69 213 
44 36 
16 31 

:1.26 116 

20 :31 
58 49 
66 66 
3:l :30 
43 51 
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i 

MILE SEGMENTS 

56 67 49 
33 90 108 
59 67 66 
50 61 53 
41 49 29 
28 19 15 
23 40 34 
32 96 88 
29 96 37 
82 80 78 

79 34 25 
18 19 31 

MILE SEGMENTS 

46 5!5 46 
12 67 79 
56 61 65 
70 t)~:-'j 57 
25 37 2::! 
55 47 47 
2~5 :1.7 1,"° • ,.J 

114 ~:jB 59 

56 20 36 
4"7 45 42 
61 55 47 .., ... , 
.:.. ... 38 65 
39 



I~UN 40 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

68 60 50 42 32 29 28 69 41 48 of> 

73 72 67 48 49 22 12 25 69 82 
66 39 12 25 36 26 22 53 54 49 
42 45 42 27 54 33 46 52 51 45 
44 46 109 13 21 37 37 55 65 48 
34 53 76 40 37 26 21 35 30 30 
44 80 83 55 39 16 31 23 16 17 
23 

CT1:RUN040.001 
nLL C~1D'l' 

+ 

RUN 41 FIXED ROUTE 
AVERAGE ERFWR IN FEET OVER ONE-TENTH MILE SEGMENTS .. 

44 16 :1.4 :1.2 7 :1.0 '7 22 :l1. 13 
:l9 35 ~52 17 7 2 :l :32 7B 82 

'''' 58 46 6 :1.3 31 28 22 49 52 49 
40 42 44 4:1. :1.6 :L:L 17 51 (16 60 
61 62 :1.05 96 92 26 27 42 62 47 
48 48 53 73 71 '71 65 6(1 65 62 

* 62 84 90 5~5 25 "),::-
.".. \J 45 :1.0 :1.:1. 12 

CT 1.: RllN04:l. 0()1 

14 :L:l 48 35 :32 45 30 ~~8 38 3B 
14 :1.0 :1.6 31 :H 3:5 :,3 42 44 39 
47 25 32 4~5 48 45 3'8 40 40, 38 
37 13 14 7 2:'5 55 ·65 62 !5B 25 
21 :L 9 :1.3 24 50 26 13 4 3 :1,5 
18 5 7 6 29 30 20 67 
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RUN 42 FIXED ROUTE 
[-

AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

75 64 41 37 34 32 39 55 57 61 
84 83 77 66 59 34 8 25 79 92 
66 45 14 34 42 23 26 48 49 48 
39 41 4tl 30 17 15 '30 52 85 69 
65 53 122 43 41 21 15 31 40' 17 

9 73 95 58 55 47 23 37 42 43 
56 84 88 50 16 69 7'6 34 55 46 
36 29 66 13 34 21 16 31 42 44 
24 13 20 26 26 19 36 62 20 32 

* 23 57 63 71 74 75 71 64 63 61 
CT1:RUN042.001 

36 29 34 29 

-.--

• RUN 43 FIXED ROUTE 
AVERAGE ERROR IN FEET OVER ONE-TENTH MILE SEGMENTS 

,. 62 44 34 29 21 23 33 77 68 57 
78 76 67 58 46 16 3 27 79 79 
52 33 14 42 36 22 30 53 54 48 
40 42 42 14 26 17 41 72 80 79 
72 93 112 25 28 32 28 55 60 37 
35 55 82 56 57 40 40 49 43 44 
53 89 80 50 34 33 36 14 12 8 
10 32 46 121 79 137 125 128 59 59 
91 76 80 90 90 81 54 39 79 37 

* 22 64 63 70 74 71 72 76 75 73 
CT1:RUN043.001 

61 37 41 43 63 

<i 
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4. 2.4 Off Route Declaration 

During Fixed Route Runs 38-43, a pair of signposts were installed along 
the fixed route between CP 36 and CP 37. When the AVM system records a code 
from either of these signposts, it was programmed to declare that the bus was 
off route. These results ara shown in this section and are the output listings of 
the FRLS program. The values of the location errors incurred while the off 
route condition was being simulated are computed and presented in Section 8 of 
Volume I. 
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FIXED ROUTE RUN t 39 CHECKPOINT ERRORS OFF ROUTE DECLARATION 

cPt X(CP) Y(CP) SPI SEG. INCREM COMP X COMP Y ERROR 

1 12431 4529 16 3 72. 12410. 4548. 29. 

,I' 2 12895 3792 1 4 483. 12811 'I 3817. 88. 
3 13632 3698 1 4 1245. 13567. 3718. ~8. > 
4 14904 3541 2 5 24. 14869. 3547. 36. 
5 15277 4035 2 6 469. 15266. 3953. 82. 
6 15334 44-41 2 6 915. 15328. 4395. 46. 

• 7 15383 4869 2 6 1341. 15387. 4817. 52 • 
8 15475 5453 2 6 1907. 15465. 5377. 76. 
9 15644 6735 2 6 3223. 15647. 6681. 54. 

10 15736 7421 2 6 3901. 15741. 7352. 69. 
11 15809 7838 2 6 4349. 15803. 7796. 43. 
12 16042 9499 3 7 1078. 16034~ 9452. 48. 
13 16512 9618 3 8 368. 16431. 9641. 84. 
14 16941 9578 3 8 820. 16882. 9606. 66. 
15 17368 9554 3 8 12613. 17328. 9571. 43. 
16 17811 9507 3 8 1732. 17791. 9535. 35. 
17 18095 8454 3 9 1021. 18112. 8489. 39. 
18 18109 8343 3 9 1127. 18112. 8383. 40. 
19 17929 6962 4 10 1172. 17926. 6913. 49. 
20 16580 6988 4 11 1399. 16521. 6981. 59. 
21 15087 7167 4 11 2913. 15018. 7163. 69. 
22 14282 7260 4 11 3703. 1,4233. 7258. 49. 
23 13313 '7718 5 13 529. 13354. 7699. 45. 
24 12500 8500 5 15 387. 12460. 8542. 58. 
25 '11590 9350 5 15 1607. 11564. 9369. 32. 
26 12190 10181 6 18 955. 12182. 10195. 16. 
27 13151 10036 6 18 1521. 12743. 10121. 417. 
27 13151 10036 6 18 1917. 13136. 10069. 36. 
28 13130 9554 6 19 466. 13123. 9601. 47. 
29 13052 9039 6 19 1004. 13041. 9069. 32. 
30 13699 7663 6 21 952. 13830. 7645. 132. 
31 15123 7495 7 22 1176. 15152. 7491. 32. 
32 15948 7393 7 22 2028. 15997. 7379. 51. 
33 16627 7326 7 22 2702. 16667. 7299. 48. 

'* 34 17500 7204 7 22 3590. 17548. 7193. SO. 
35 18345 7054 7 22 4492. 18444. 7085. 103. 
36 18300 5657 8 25 311. 18334. 5647. 35. 

BUS NO. 39 OFF ROUTE AT 15,16 TIME: 41:57 FIFTH: 35314., . ODeM: 35554. 
BUS NO. 39 OFF ROUTE AT 13,16 TIME: 42: 3 FIFTH: 35402. ODOM: 35642. 
BUS NO. 39 OFF ROUTE AT 15,16 TIME: 42: 4 FIFTH: 35416. ODOMt 35658. 
BUS NO. 39 OFF ROUTE AT 13,16 TIME: 42: 6 FIFTH: 35448. ODOM: 35lJ90. 
BUS NO. 39 OFF ROUTE AT 15,16 TIME: 42: 7 FIFTH: 35466. ODOM: 35706. 
BUS NO. 39 OFF ROUTE AT 13,16 TIME: 42: 9 FIFTH: 35500. o DOl'I: 35742. 

41 14638 6127 9 29 445. 14625. 6025. 103. 
42 14717 5780 9 30 266. 14860. 576:1.. 144. 
43 14816 5222 9 31 656. 14807. 5107. 115. 
44 14055 5037 9 32 795. 14000. 5057. 59. 
45 13388 5138 9 32 1471. 13330. 5145. 59. 

*46 12862 5200 9 32 2043. 12762. 5219. 101. 
CT1:RUN039.001 

t) 47 11518 5369 10 33 822. 11531. 5388. 23. 
48· 10787 5472 10 33 1556. 10804. 5489. 24. 
49 10462 5513 10 33 1896. 10467. 5536. 24. 
50 9558 5647 10 33 2864. 9509. 5670. 54. 
51 8740 5757 10 33 3632. 8748. 5776. 20. 
52 8145 5840 10 33 4274. 8112. 5864. 41. 

111: 53 7537 6481 11 35 520. 7557. 6437. 49. 
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FIXED ROUTE r~UN t 40 CHECKPOINT ERRORS OFF RUU'l'E DEClARATION 

CF't X(CP) Y(CP) SP. SEG. INCREM COMP X COMP Y ERROR 

1 12431 4529 1 3 18. 12416. 4602. 75. 
2 12895 3792 1 4 521. 12849. 3812. 51. 
3 13632 3698 1 4 1275. 13596. 3714. 39. 1 
4 14904 3541 2 5 36. 14881. 3545. 24. 
5 15;277 4035 2 6 465. 15265. 3949. 86. 
6 15334 4441 2 6 925. 15329. 4405. 36. 
7 15383 4869 2 6 1343. 153870 4819. 50. 
8 l,,5475 5453 2 6 1907. 15465. 5377. 76. 
9 15644 6735 2 6 3227. 15648. 6685. 50. 

10 15736 7421 2 6 3913. 15742. 7364. 57. 
11 15809 7838 :2 6 4345. 15802. 7792, 47. 
~2 16042 9499 3 7 1070. 16033. 9444. 56. 
13 16512 9618 3 8 362. 16425. 9642. 90~ 

14 16941 9578 3 8 80B. 16870. 9607. 77. 
15 173tS8 9554 3 8 1264. 17324. 9572. 47. 
16 17811 9507 3 8 1720. 17779. 9536. 43. 
17 18095 8454 3 9 1017. 18112. 8493. 43. 
18 18109 8343 3 9 1125. 18112. 8385. 42. 
19 17929 6962 4 10 1154. 17929. 6931. 31. 
20 16580 6988 4 11 1379. 16541. 6979. 40. 
21 15087 7167 4 11 2881. 15049. 7159. 38. 
22 14282 7260 4 11 3661. 14275. 7253. 10. 
23 13313 7718 5 13 527. 13355. 7697. 47. 
24, 12500 8500 5 15 375. 12469. 8534. 46. 
25 11590 9350 5 15 1615. 11558. 9374. 40. 
26 12190 10181 6 18 933. 12160. 10198. 34. 
27 13151 10036 6 18 1895. 13114. 10072. 52. 
28 13130 9554 6 19 436. 13128. 9630. 76. 
29 13052 9039 6 19 978. 13045. 9095. 56. 
30 13699 7663 6 21 932. 13810. 7648. 112. 
31 15123 7495 7 22 1162. 15138. 7483. 19. • 
32 15948 7393 7 22 2006. 15976. 7382. 30. 
33 16627 7326 7 22 2684. 16649. 730:1,. 33. 
34 17500 7204 7 22 35130. 17538. 7194. 40. 
35 18345 7054 7 22 4492. 18444. 7085. 103. 
36 18300 5657 8 25 311. 18334. 5647. 35. '. 

!;IUS NO. 40 OFF ROUTE AT 13,16 TIME: 44:38 FIFTH: 35436. ODOM: 35602. 
BUS NO. 40 'OFF ROUTE AT 15,16 TIME: 44:40 FIFTH: 35500. OPOM: 35666. 

I> 
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FIXED ROUTE RUN t 41 CHECKPOINT ERRORS OFF ROUTE DECLARATION 

cPt X(CP) Y(CP'> SPt SEG. INCREM COMP X COMP Y ERROR 

r 1 12431 4529 1 3 46. 12413. 4574. 49. 
2 12895 3792 1 4 573. 12900. 3806. 15. 
3 13632 3698 1 4 1311. 13632. 3710. 12. 
4 14904 3541 2 5 66. 14910. 3540. 6. 
5 15277 4035 2 6 505. 15271. 3989. 46. 

" 6 15334 4441 2 6 963. 15334. 4443. 2. 
7 15383 4869 2 6 1379. 15392. 4855. 17. 
8 15475 5453 2 6 1947. 15470. 5417. 36. 
9 15644 6735 2 6 3261. 15652. 6718. 19. 

10 15736 7421 2 6 3951. 15748. 7402. 23. 
11 15809 7838 2 6 4389. 15808. 7835. 3. 
12 16042 9499 3 7 1070. 16033. 9444. 56. 
13 16512 9618 3 8 364. 16427. 9642. 88. 
14 16941 9578 3 8 820. 16882. 9606. 66. 
15 17368 9554 3 8 1264. 17324. 9572. 47. 
16 17811 9507 3 8 1710. 17769. 9537< 52. 
17 18095 8454 3 9 1055. 18112. 8455. 17. 
18 18109 8343 3 9 1133. 18112. 8377. 34. 
19 17929 6962 4 10 1158. 17928. 6927. 35. 
20 16580 6988 4 11 1379. 16541. 6979. 40. 
21 15087 7167 4 11 2887. 15044. 7.160. 44. 
22 14282 726,0 4 11 3675. 14261. 7255. 22. 
?3 13313 7718 5 13 567. 13328. 7727. 18. 
24 12500 8500 5 15 391- 12458. 8545. 62. 
25 11590 9350 5 15 1635. 11543. 9388. ~O. 

26 12190 10181 6 18 949. 12176. 10196. ;20. 
27 13151 10036 6 18 1905. 13124. 10070. 44. 

I 28 13130 9554 6 19 446. 13126. 9620. 66. 
29 13052 9039 6 19 982. 13044. 9091. 52. 

-30 13699 7663 6 21 916. 13794. 7651. 96. 
31 15123 7495 7 22 1210. 15185. 7477. 65. 
32 15948 7393 7 22 2046. 16015. 7377. 69. 

" 33 16627 7326 7 22 2720. 16685. 7297. 65. 
34 17500 7204 7 22 3602. 17560. 7191. 62. 
35 18345 7054 7 22 4508. 18460. 7083. 118. 
36 18300 5657 8 25 295. 18349. 5645. 51. 

BUS NO. 41 OFF ROUTE AT 13,16 TIME: 50:39 FIFTH: 35356 • .- ODOM: 35488. 
BUS NO. 41 OFF ROUTE AT 15r16 TIME: 50:52 FIFTH: 35460.- ODOM: 35592. 
BUS NO. 41 OFF ROUTE AT 13,16 TIME: 50:56 FIFTH: 35562. ODOM: 35694. 
*41 14638 6127 9 29 349. 14637. 6121. 7. 

CTURUN041<,OOl 

42 14717 5780 9 30 166. 14760. 5771. 44. 
43 14816 5222 9 31 558. 14820. 5204. 18. 
44 14055 5037 9 32 699. 14095. 5044. 41. 
45 13388 5138 9 32 1375~ 13425. 5132. 37. 
46 12862 5200 9 32 1935. 12869. 5205. 9. 
47 11518 5369 10 33 806. 11547. 5385. 33. 
4i~ 10787 5472 10 33 1544. 10816. 5487. 33. 

(' 49 10462 5513 10 33 1870. 10493. 5532. 37. 
50 9558 5647 10 33 2850. 9523. 5668. 41. 

·51 8740 5757 10 33 3596. 8784. 5771. 46. 
52 8145 5840 10 33 4256. 8130. 586:2. 27. 
53 7537 6481 11 35 528. 7558. 6445. 42. 
54 7652 6971 11 35 1036. 7645. 6945. 27. 

oJr' 55 8320 6948 11 36 617. 8272. 6954. 49. 
56 9345 6825 11 36 1661. 9307. 6817. 39. 
57 9894 6731 11 36 2213. 9854. 6745. 43. 
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FIXED ROUTE RUN .. 42 CHECKPOINT ERRORS OFF ROUTE DEC LARA nON 

cPt X(CP) Y(CP) SP:t SEG. INCREM COMP X COMP Y ERROR 

1 12431 4529 1 3 8. 12417. 4612. 84. 1 

2 12895 3792 1 4 529. 12857. 3811. 43. 
3 13632 3698 1 4 1277. 13598. 3714. 37. 
4 14904 3541 2 5 20. 14865. 3548. 40. 
5 15277 4035 2 6 451- 15263. 3936. 100. 
6 15334 4441 2 6 913. 15327. 4393. 48. 
7 15383 4869 2 6 1329. 15385. 4805. 64. 
B 15475 5453 2 6 1897. 15464. 5368. 86. 
9 15644 6735 2 6 32:11. 15645. 6669. 66. 

10 15736 7421 2 6 3897. 15740. 7348. 73. 
11 15809 7838 2 6 4333. 15801. 7780. 59. 
12 16042 9499 3 7 1068. 16032. 9442. 58. 
13 16512 9618 3 8 354. 16417. 9642. 98. 
14 16941 9578 3 8 806. 16868. 9607. 79. 
15 17368 9554 3 8 1252. 17312. 9573. 59. 
16 17811 9507 3 8 1702. 17761. 9538. 59. 
17 18095 8454 3 9 995. 18112. 8515. 63. 
18 18109 8343 3 9 1107. 18112. 8403. 60. 
19 17929 6962 4 10 1168. 17927. 6917. 45. 
20 16580 6988 4 11 1379. 16541. 6979. 40. 
21 15087 7167 4 11 2889. 15042. 7160. 46. 
22 14282 7260 4 11 3675. 14261. 7255. 22. 
2~ 13313 7718 5 13 549. 13341. 7714. 28. 
24 12500 8500 5 15 399. 12452. 8550. 70. 
25 11590 9350 5 15 1621. 11553. 9378. 46. 
26 12190 10181 6 18 963. 12190. 10194. 13. 
27 13151 10036 6 18 1903. 13122. 10071. 45. 
28 13130 9554 6 19 458. 13125. 9608. 55. , 
29 13052 9039 6 19 1006. 13040. 9067. 30. 
30 13699 7663 6 21 960. 13838. 7644. 140. 
31 15123 7495 7 22 1166. 15142. 7483. 22. 
32 15948 7393 7 22 2008. 15978. 7382. 32. 
33 16627 7326 7 22 2694. 16659. 7300. 41. ... 
34 17500 7204 7 22 3592. 17550. 7192. 52. 
35 18345 7054 7 22 4496. 18448. 7084. 107. 
36 18300 5657 8 25 253. 18391. 5640. 93. 

BUS NO. 42~OFF ROUTE AT 15,16 TIME: 40:16 FIFTH: 35306. "ODOM: 35478. 
41 14638 6127 9 29 335. 14639. 6134. 8. 
42 14717 5780 9 30 154. 14748. 5772. 33. 
43 14816 5222 9 31 540. 14822. 5222. 6. 
44 14055 5037 9 32 693. 14101. 5043. 46. 
45 13388 5138 9 32 1361. 13439. 5130. 51. 
46 12862 5200 9 32 1923. 12881. 5204. 20. 
47 U518 5369 10 33 812. 11541. 5384. 29. 
48 10787 5472 10 33 1552. 10808. 5488. 27. 
49 10462 551.3 10 33 1900. 10463. 5536. 24. 
50 . 955<1 5647 10 33 2872. 9501~ 5671. 62. 
51 8740 5757 10 33 3646. 8734. 5778. 21. 
52 . 8145 5840 10 ':,3 4272. 8114. 5864. 39. 
53 7537 6481 11 .s::i 494. 7553. 6411. 72. (' 
54 7652 6971 11 35 1008. 7640. 6918. 55. 
'55 8320 6948 11 36 589. 8244. 6958. 77. 
56 9345 6825 11 36 1619. 9265. 6823. 80. 

*57 9894 6731 11 ·36 2189. 9830. 6748. 66. 
CT1:RUN042.001 

58 ;t2136 6444 11 37 1162. 12112. 6447. 24. .~ 

59 'l2561 6405 11· 37 1576. 12523. 6393. 40. 
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FIXED ROUTE RUN • ~3 CHECKPOINT ERRORS OFF ROUTE DECLARATION 

cPt X(CP) Y(CP) SPi SEG. INCREH COMP X COMP Y ERROR 

1 12431 4529 1 3 220 12415. 4598. 71. 

t 
2 12895 3792 1 4 537. 12865. 3810. 36. 
3. 13632 3698 1 4 1287. 13608. 3713. 28. 
4 14904 3541 2 '5 24. 14869. 3547. 36. 
5 15277 4035 2 6 457. 15264. 3942. 94. 
6 15334 4441 2 6 911. :15327. 4391. 50. 
7 15383 4869 2 6 1335. 15386. 4811. 58. 
8 15475 5453 2 6 1905. 15465. 5376. 78. 
9 15644 6735 2 6 3223. 15647. 6681. 54. 

10 15736 7421 2 6 3899. 15741. 7350. 71. 
11 15809 7838 2 6 4349. 15803. 7796. 43. 
12 16042 9499 3 7 1070. 16033. 9444. 56. 
13 16512 9618 3 8 366. 16429. 9642. 86. 
14 16941 9578 3 8 814. 16876. 9607. 71. 
15 17368 9554 3 8 1264. 17324. 9572. 47. 
16 17811 9507 3 8 1712. 17771. 9537. 50. 
17 18095 8454 3 9 989. 18112. 8521. 69. 
18 18109 8343 3 9 illS. 18112. 8395. 52. 
19 17929 6962 4 10 1150. 17929" 6934. 28. 
20 16580 6988 4 11 '1379. 3.6541. 6979. 40. 
21 15087 7167 4 11 2885. 15046. 7160. 42. 
22 14282 7260 4 11 3653. 14283. 7252. 8. 
23 13313 7718 5 13 551. 13339. 7715. 26. 
2~ 12500 8500 5 15 411. 12443. 8558. 82. 
25 11590 9350 5 15 1633. 11544. 9387. 58. 
26 12190 10181 6 18 939. 12166. 10197. 29. 
27 :1:3151 10036 6 18 1901. l.3120. 10071. 47. 
28 13130 9554 6 19 440. 13127. 9626. 72. 
29 13052 9039 6 19 986. 13043. 9087. 48. 

'l 30 13699 7663 6 21 942. 13820. 7647. 122. 
31 15123 7495 7 22 1180. 15156. 7481, 35. 
32 15948 7393 7 22 2022. 15992. 7380. 45. 
33 16627 7326 7 22 2698. 16663. 7299. 45. 
34 17500 7204 7 22 3590. 17548. 7193. 50. ... 35 1834:5 7054 7 22 4494. 18446. 7085. 105. 
36 18300 5657 8 25 301. 18343. 5646. 45. 

BUS NO. 43 OFF ROUTE AT 13,16 TIME: 41: 5 FIFTH: 35406. ODOH: 35576. 
BUS NO. 43'OFF ROUTE AT 15,16 TIME: 41: 9 FIFTH: 35478. -ODOM: 35650. 
BUS NO. 43 OFF ROUTE AT 13,16 TIME: 41:11 FIFTH: 35510. ODOH: 35680. 

41 14638 6127 9 29 443. 14625. 6027. 101. 
42 . 14717 5780 9 30 264. 14858. 5761. 142. 
43 14816 :5222 9 31 654. 14808. 5109. 113. 
44 14055 5037 9 32 797. 13998. 5057. 61. 
45 13388 5138 9 32 1469. 13332. 5144. 57. 
46 12862 5200 9 32 2033. 12772. 5218. 91. 
47 11518 5369 10 33 744. 11608. 5377. 91. 
48 10787 5472 10 33 1476. 10883. 5478. 96. 
49 10462 5513 10 33 1820. 10543. 5525. 82. 
50 9558 5647 10 33 2782. 9590. 5658. 34.-
51 8740 5757 10 33 3560. 8819. 5766. 80. 
52 8145 5840 10 33 4202. 8184. 5855. 41. 
53 7537 6481 11 35 490. 7552. 6407. 75. 
54 7652 6971 11 35 1012. 7641. 6922. 51Q 
55 8320 6948 11 36 589. 8244. 6958. 7:1. 
56 9345 6825 11 36 1627. 9273. 6822. 72. 
57 9894 6731 11 36 2179. 9820. 6750. 76. 

'I 
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4.3 FIXED ROUTE DATA PROCESSlNG REQUIREMENTS 

During the recording of fixed rou~ data., a number of manual entry errors 
occured. These erro1;'S are noted in Table 4.3-1. The resolting card input changes 
necessary for processing these data are delineated in Table 4.3-2. 
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FIXED ROUTE DATA PROCESSING ANOMALIES 

RUN NO. PROBLEM SOLUTION 
t 

14 Missed TA16 Inserted at approximate fifth wheel 
reading 

14 TD15 entered early Deleted first occurrence of TD15 
~ 15 CP25 entered early Deleted first occurrence of CP25 

17 Missed TDll None, event not processed 
18 Missed CP43 None, event not processed 
19 Couldn't process tape None, event not processed 
20 Missed CP37 None, event not processed 

Generator stalled after None, not processed by FRTEN and 
CP46 FRSYS 

21 Entered CP66 for CP6 Replaced CP66 with CP6 
Entered CP26 early Deleted first CP26 
Entered CP47 early Deleted first CP4'! 
Entered CPlll for CPU Replaced CPl11 "lith CP 11 
Missed CP36, CP47 and None, events not processed 
CP49 
Entered TA16 for TA6 Replaced TA16 with TA6 

24 TA3S entered for :rrA3 Replaced TA33 with TA3 
24 TDI2 entered early Delete first TD12 
26 Missed TDI5 None, event not processed 

) 27 TD10 entered for TA10 Replaced TDIO with TA10 
27 Missed CP48 None, event not processed 
28 Missed CP9 None, event not processed 

-., 29 Missed CP1 and CP28 None, event not processed 
31 5th Wheel problem. None, data proc.1essed 

between CP3 and CP4 
32 Lost magnet from 5th None, not processed by FRSYS or 

wheel FRTEN 
33 Couldn't process tape None, not processed 
34 Garbage record after CP37 None, CP38-CP76 processed manually 
34 002, DC2, and TD2 Deleted first 002. DC2, and TD2 

entered early 
37 DC7 entered for DCI Deleted 007 
37 CP30 entered twice Deleted second CP'JO 
38 CP71 entered early Delete first CP71 
39 CP27 entered early Delete first CP27 
40 Couldn't process past None, CP41-76 processed manually 

CP40 due to bad record 
42 CP40 entered in error Delete first CP40 
43 Couldn't process past None, CP63-76 processed manually 

CP62 with FRIS 
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CARD INPUT qJANGES FOR u:r3 DA. TA PROCESSING 

FRSYSj RECORDED 
RUN CHANGES FRrs FRTEN ON LOG SHEET 

14 Insert TA16 at FIFTH = N.A. Yes 
33678 

16 Change 2nd TDll to TA24 N.A. Yes '~ 

21 Delete 1st CP7 Yes 
21 Eep1ace CP66 with CPG Yes 
21 Delete 1st CP26 Yes 
21 Replace 1st TA16 with TA6 N.A. Yes 
21 Eeplace CP111 with CPU Yes 
21 Delete 1st CP47 Yes 
24 Delete TA3S N.A. No, but EE33 on tape 
27 Replace 1st TD10 with TA10 No, observed on 

listing 
30 Replace 2nd CP10 with TA10 Yes 
32 Eeplace '1st TD13 with D013 N.A. No, observed on. 

listing 
34 Delete 1s t 002 N.A. Yes 
34 Delete' 1st DC2 N.A. Yes 
34 Delete 1st TD2 N.A. Yes 
34 Delete CP128 Not entered by opera-

tor, Error record (.. 

37 Delete 1st DC7 N.A. No, observed on 
listing 

37 Delete 2nd CP30 Yes 
38 Delete 1st CP71 Yes 
39 Replace 2nd TA18 with TA19 N.A. No, observed on 

listing 
39 Delete 1st CP27 Yes 
42 Delete 1st CP40 Yes 
42 Delete 1st TD5 N.A. Yes 

4-252 



if. 

) 

4.4 FRLS AND FRSYS FLOW OHARTS 

Flow charts of computer programs CPMAlN and RRSL were included in 
:Seclion 4 of Volame L Flow charts of computer progr~s FRLS and FRSl'S 
are presenred in this subsection. Detailed software documentation of all Phase I 
software were delivered under separate cover to TOO and MrrRE. 
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FLOW CHART OF PROGRAM FRli! 
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FLOW CHART OF PROOBAM FRl.S (CONT'D) 
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FLOW CHART OF PROGRAM FRlS (CONTID) 
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FLOW CHART OF PItOORAM FRSYS 
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FLOW CHART OF PROGRAM FRSyS (CONTID) 
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FLOW CHART OF PROGRAM FRSYS (CONT'D) AND FRTEN 
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FLOW CHART OF PROGRAM FRTEN (CONT'D) 
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· 5. REPORT OF INVENTIONS APPENDIX 

After a diligent review of the work performed under this contract, no 
innovation, discovery, or invention was made; however, a number of previous 
concepts were practically demonstrated for the first time. The previous con
cepts demonstrated are briefly described below. 

1. Use of Signposts Operating at 49. a6 MHz 

Operation of signposts at 49. 86 MHz was conceived by Hf at the time the 
FCC proposed to open the 49 MHz band for use under Part 15. Operation in this 
band was formally authorized on 12 February 1976 under FCC Docket 20119. Use 
of this frequency was formally proposed to be tested during Phase I in Hoffman's 
response to TSC questions dated 15 April 1976. The use of 49.86 MHz signposts 
is described on pages 3-1 to 3-6 and 10-6 and 10-7 of Volume I. The first 
practical demonstration of the use of signposts operating at 49. 86 MHz was per
formed under this contract. 

2. Hole-Filling Technique for Use w:i-th Overlapping Signposts 

The use of a double grid of signposts to fill in the holes left when only a single 
grid is used was first proposed by Hoffman in 1975 for use with tbe Cargo Security 
System and again in 1975 for use with the Dallas AVM system. However, the con
cept was not practically demonstrated until Phase I of this contract. Figure 3-14 
on page 3-26 of Volume I illustrates this concept. 

3. Automatic Reset of Odometer Using Region 1 of Signpost 

The concept of resetting the odometer autr.matically using. Region 1 of the 
signpost was proposed as part of Hoffman's proposal dated 14 October 1975. It 
was first practically demonstrated under this contract. The concept is described 
on pages 6-8, 6-12" 6-131 and 7-4 of Volume I. 

4. Determination of Time Point Passage Through Use of the Region 1 Dropout 

The concept of using Region 1 dropout to determine time point passage was 
proposed as part of Hoffman's proposal dated 14 October 1975. It was first 
practically demonstrated under this contract. The concept is described on 
pages 6-12, 6-13, 6-14, 6-15, and 7-7 of Volume I. 

5. R9.ndom Route and Fixed Route Data Recording Software 

The software used to record random route and fixed route vehicle location 
data on cassettes was developed during Phase I of this contract. This software is 
described on pages 3-19, 3-20, 6-6, 6-71 6-81 and 6-9 of Volume I. 
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6. Interface Control Unit (lCU) Hardware 

The Interface Control Unit was developed under this contract for the express 
purpose of recording A VL· data on cassette. The ICU is described on pages 3-16 
through 3-19 and 6-1 through 6-6 of Volume I. 

7. Random Route and Fixed Route Data Processing Software 

The random route and fixed route data processing software, consisting of 
computer programs CPMAIN, RRSL, RRTEN, FROUTE, FRSYS, and FRTEN, were 
developed under this <:lontract. The algorithms qsed for automatic vehicle 
location were not developed under this contract; howel'"er, the algorithms which 
were associated with generating a reference location from the fifth-wheel and 
turn indications were developed under this contract. Software is described in 
Sections 3, 4, 6, and 7ofVolume 1. 
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