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Upon receipt of a base station command to change the display 

or upon receipt of a significant new item of alert/alarm information, 

the microprocessor automatically retrieves the information from the 

stored file and displays the information on the screen for the dis­

patcher. 

In the case of the alarm update, the microprocessor also enables 

a "beeping" bell to further call attention to a changed condition 

on a truck so the dispatcher will be aware of an imminent cargo 

theft situation so he can take appropriate action. 

The microprocessor further takes the updated information in its 

files and distributes it through an I/O port to either the remote 

alarm display or to the TI ThGrmal printer where the alert/alarm 

information is printed as hard copy. 

The most significant item of equipment in dispatch hardware is 

the intelligent terminal. This terminal is manufactured by the 

Intelligent Syst,ems Corporation and employs an 8080 microprocessor 

to perform the functions descJ~ibed above. It has a high quality, 

flicker-free display which employs either colors in displaying the 

information to the dispatcher. Thus, by color coding, items of 

various degrees of importance can be distinguished at a glance. 

During normal daytime operation the terminal also transmits 

over its own I/O port to the T1 printer an abbreviated form of any 

updated display information so that hard copy is available on all 

previous.transactions between the dispatcher and the base station. 

Thus, during normal daylight operations the terminal continuously 

displays the status of all trucks in the system for that one 

trucking company. (Only trucks for a given trucking company are 

sent to the terminal for that trucking company.) 
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By using the keybaord the dispatcher can call information on 

anyone specific truck which might have an alarm system associated 

with it. The dispatcher can also shut off the bell or call for a 

summary display of all trucks. 

During nighttime operations the remote alarm display and key­

board is used (although it links to the same terminal I/O port as 

the printer). The terminal hardware and software automatically 

distinguishes if the information is to the printer or to the remote 

alarm by means of differing data rates. The I/O port in the intelli­

gent terminal is programmable as to data rate under program con­

trol. Thus 1 by setting a high data rate to the remote alarm dis-

plaY1 the printer will ignore it because the printer is set by switches 

to accept only low data rate data. Conversely, by reprogramming the 

I/O port to a low data rate for the printer, this data is rejected 

by the remote alarm because the remote alarm CRT is set by a switch 

setting to accept only high data rate data. 

The. remote alarm display contains a keyboard as an integ:r:-al 

part of it for 1,.1.8e in the after hours mode by security personnel who 

may call up different displays for remote alarm status of various 

trucks as well as shut off th~. bell and other functions. 

In summary, the dispatch station hardware consists of five 

major items; the modem interfacing the display station to the 

base station 1 the intelligent terminal interfacing to the modem 

and to all the remaining three peripheral items (keyboard 1 remote 

alarm display/keyboard, and the TI printer). 

2. Intelligent Terminal Software ~ This subsection <j,!?scribes 

the software used in a functional form, and includes detailed flow 

diagrams of each of the modules. A detailed program listing appears 

in the appendix volumeIIT. 
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It should be noted that since there was no assembly available 

from ISC for this software, the code is all in Hexadecimal Machine 

language, and the listings provided in the appendix reflect this level 

of coding. 

a. Functional Description. Figure 2-76 is a flow diagram 

of the overall system operations. The operation is divided into two 

parts: start-up and norman operation. The color terminal at the 

dispatch station starts up independently of the base station and must 

be initialized as the first step of the start up procedures. When 

power is first applied or the CPU Reset key is struck, the ISC is 

disconnected from the base station, and the following procedure is 

employed, to connect the system: 

(1) Establish communication. This is done by putting the 

terminal in the half-duplex mode (it comes up as stand-alone). 

This is the ESC,H sequence of keys. 

(2) Parity must be disahled since the base does not check 

for parity. This is the CNTID.,N sequence of keys. 

(3) The modems are 1200 CPS. Since the terminal comes up 

after CPU reset at 9600 BPS the baud rate must be changed. This is 

the ESC,R4 sequence of keys. This is followed by a four-character 

password. The first character actually received at the base station 

are the R and then the password. This alerts the computer to expect 

the remaining proper sequence An incorrect password is ignored and 

the CPU reset must be done again. 

(4) Parity is re-enabled (CNTL 0) and 

(5) the device I/O byte of the microprocessor is initialized 

to expect commands and data fJ'om the keyboard. This byte mus t be 

changed to allow the computer to co~~and the terminal. This is the 

long sequence ESC,P, S, F. 9, 0, 00, CR The ESC P causes no 
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characters to be transmitted to the base until the carriage return. 

This switching of devices causes the keyboard to be disabled from 

commands to the CPU Operating System. The sequence has also put the 

terminal into its inherent CPU operating system wherein it is expecting 

data or commands (fronf th-ebase station). 

(6) Upon receiving the last CR the base computer starts load­

ing the operating program and fills the truck data files. All data 

(except commands) are transmitted in the Intel Hexadecimal format 

both in program load and in normal operations. The CPU operating 

system does a checksum on all incoming data and sends a question 

mark (?) to the base if an error is encountered. If three errors 

are detect'ed, the base computer assumes there is a hardware problem 

and disconnects. The CPU reset procedures is required for a system 

restart under these circumstances. 

(7) Following program load, the base commands the Route'Status 

format to be displayed on the primary terminal. 

Table 2-13'summarizes this startup procedure in terms of operator 

action and display feedback. 

The system now enters nor~al operation. The heart of normal 

operation is the "normal cycle" routine which continuously checks for 

a remote alarm keyboard input, a dispatcher keyboard input, or an in­

put from the base station. Any keyboard inputs are sent immediately 

to the base station computer, following which the checking loop is 

resumed. 

A base station input causes control to be shifted to the CRT 

operating system (another inherent operating system for normal 

CRT operations of the ISC) by cmabling the automatic interrupts 

in the "normal cycle" module. 
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TABLE 2-13 DISPATCHER START-UP PROCEDURE 

COMMAND 

(CPU RESET) 

(ESCAPE) 
H 

(CTRL - N) 

(ESCAPE) 
R4 
XXXX 

(CTRL - 0) 

(ESCAPE) 
P 

S9F90(SPACE BAR) 

(RETURN) 

RESPONSE ON CRT SCREEN 

YOU ARE NOW IN THE 8001 CRT MODE 

= 
(Note 1: The (=) is the CURSOR and not 
the equal sign.) 
(Note 2: You will hear an audible "beep" 
at this point.) 
No Change 
No Change 
No Change 
(Note: The (-) between two keys means 
depress both keys simultaneously; in this 
case the CTRL key and the N) 
No Change 
No Change 
These 4 characters are the password. (The 
XiS are different for each Trucking Co.) 
No Change 
(Note: The 0 is the letter 0, not the 
number zero which is written as a 0.) 
YOU ARE NOW IN THE 8001 CRT MODE 

= 
No Change 
INTER COLOR 8001 CPU OPERATING SYSTEM 

(Note: This is written in green, purple, 
yellow, and blue.) 
INTER COLOR 8001 CPU OPERATING SYSTEM 
- S9F90 82-= 
(Note: The second line is written in Red.) 
INTERCOLOR 8001 CPU OPERATING SYSTEM 

S9F90 82-00 

No Change, until route status Display appears. 
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This CRT operating system will cause the character received 

from the base station to be pr.inted on the screen and then return the 

system to the normal cycle. If the received characters for the 

sequence (ESC 0), the CPU operating system awaits data to be filled 

in memory or dispatch station commands to be given. These data can 

be truck status update, data to be printed, data to be sent to thE: 

remote alarm or a truck identification number for the Security Status 

Display. The commands and their functions are discussed later in this 

section. 

b. File and Buffer Operation and Layout. The program is 

organized around two buffers and 1 file. The first 256 byte buffer 

starting at B200 Hex is for printer or remote alarm data. It is 

loaded directly by the base station computer. The second buffer is 

at B300 Hex and is also 256 bytes long. It is also loaded directly 

by the base station computer v-tith updates on truck information of, the 

truck number for a Security Status display. 

The file is organized into two basic pa!ts. The first or 

"variable" file between AlOO Hex and ACDO Hex is composed of 25 

subfiles each 126 bytes long. (See Figure 2-77). Each sequenced 

subfile is a different truck a~d contains all pertinent information 

on a specific truck. 

The first byte of any "variable" subfile is the alert/alarm 

color to be displayed on either of the two possible 'displays as a 

color bar. The vehicle number designated by the trucking company, 

vehicle make, model, license number, accumulated daily mileage route, 

mode (normal or remote alarm) are all eight-byte sub-subfiles with a 

$ as the terminating character, 
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COLOR VEHICLE NUHBER LOCATION HAKE 

L I 7 I $ I 31 $ 7 $ .. 
j 

A A A A A A A A 
1 1 1 1 1 1 1 1 
0 0 0 0 0 2 2 2 

'"' 0 1 7 8 9 6 7 F 

VARIABLE FILE SECURITY STATUS START 
MODEL LICENSE HILEAGE .-

~ 7 I $ 7 $ 7 t-+ 

A A A 
1 1 1 
3 3 
7 

I 

F 7 .. 
ROUTE HODE TELEPHONE NUMBER 

~ 7 I $ I 7 I $ I 12 I $ f 
J 

, 

A A A 
1 1 1 
L~ 5 6 
F - 7 4 

SENSOR ALERT END FIRST TRUCK 
STATUS STATUS SPARE ROUTE STATUS SPARE SPARE .COLOR 

--.{ 3 I 3 I I. ':"'::::'=-7~';:'-""':"=1 :.:::;:--, ~1 0 ~I': ~Il (-, 
A A A A NEXT TRUCK 

~. ~ ~ ~ I :--_oEND VARIABLE FILE _. ________________ --.-l. 

LAST 'TRUCK 1ST LINE FIXED FILE 2ND LINE 11TH LINE 

~fO-' _'" .J-.....,-__ 1_6 __ --""-@-'--'---'-J
f 
:; ==-@-=-J-t~ 1~- '. 

A ! I~ 
C 
D 
1 

SINGLE SPACE STARTS 

r 
33RD LINE 

~--~;~.~1-----1-6-----
FIG. 2- 7 7 TRUCK FILES }1E~1O'lY LAYOUT (VARIABLE AND FIXED) 
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Truck location data is a 31-byte subfi1e and the city police 

telephone number for that truck location is a 12-byte subfi1e, next 

is a 6-byte sub-subfi1e of sensor and color information to be displayed 

on the Security Status Displays followed by 7-bytes for route status 

(O.K., Alert, Alarm, etc.) and 10 bytes of spare are also present. 

The last three of these do not require the $ termination. 

After the variable file, the "fixed file" comes next between 

ACD1 Hex and AF02 Hex. This consists of 33 subfi1es each 16 bytes 

long which contain the fixed display information. The first 10 

are terminated with the @ (double spaces on display) character and 

the rest with % characters (single space on display). 

All termination characte~s are interpreted differently by the 

main program as discussed latE-~r in this section. 

c. Dispatch Statio~l Commands. Figure 2-78 provides an 

overview of the basic executive scheme. When an ESC 0 sequence from 

the base is received, the inhF!rent CPU operating system allows loading 

of data directly into either of the buffers. The base station then 

sends GBFXX commands. These are G, or Go-to commands which cause 

the resident program to begin execution at the various BFXX memory 

loea tions . The 7 GBFXX functions may be surn;,!arized as follows: 

GBFIO--A no-op ~ommand causing program control to be given to the 

IInormal cycle" routine. (See Figure 2-79), 

GBF40--A subrou.tine call from the resident program to the 

subroutine "BEL" which is incorporated in the CRT operating system. 

This, in turn, causes the bel] to beep once and then returns to the 

normal cycle (as all routines do), 
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THIS ALLOWS THE ISC 
OPERATING SYSTEM TO 
HANDLE INCOMING DATA 

ENABLE 
INTERRUPTS 

SEND DATA 
TO BASE 
STATION 

INPUT DATA: 

DO NOT ALLOW ANY AUTOMATIC 
INTERRUPTS 

INPUT STATUS BRING IN STATUS OF BASE 
OF SERIAL CONPUTER INPUT PORT PORT 

/INPUT~ 
INTERRUPT 

PENDING 
............ ?/ 

NO 
INPUT STATUS 
OF PARALLEL 
PORT 

IS AN INTERRUPT TRYING TO 
OCCUR? 

BRING IN STATUS OF 
KEYBOARD INPUT 

OUTPUT TO 1--...-< 
INPUT~ 

INTERRUPT 
SERIAL PORT 

YES 

...... INPUT .... 

~
NTERRUPT 
PENDING 

? 
NO 

INPUT STATUS 

PENDING 
.......... ?/ 

NO 

INPUT STATUS BRING IN STATUS OF 
OF 2ND PARALLEL REHOTE ALARM KEYBOARD 
PORT 

OF 2ND SERIAL 1---( 
PORT A 

LAST BYTE STILL 
BEING SENT TO 
PRINTER OR CRT 

NO OUTPUT ........ 
INTERRUPI,> 

PENDING 
'7/ 

YES 

CHECK TO SEE 'IF 
PRINTER OR CRT OUTPUT 
CAN BE DONE? 

GO CHECK TO SEE IF A 
CHARACTER SHOULD BE SENT 

FIG. 2-79 NORMAL CYCLE 
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GBF80--This initially calls the "blank blue screen" routine which 

paints the screen with a light blue background. The "route status 

expand" then prints dark blue characters on the screen. It ret.rieves 

needed infonuation from the "variable" file as needed to construct. 

the Route Status display, then accesses the fixed file and variable 

file to construct the appropriate Security Status display as above. 

It next enters "Sensor/Alert" which deletes the unused sensor states 

and fonus the Alert/Alarm color bars. 

GBF60--This is entered after the base station has loaded the 

status buffer at 3300 Hex. The program transfer this information 

to the correct variable file. 

GBF20--This is entered after the print buffer at B200 Hex has 

been filled by the base station. The program then transfers the data 

via the 2nd ISC port to the p~inter after setting the base rate to 

300 BPS. 

GBF30--This program is identical to GBF20 except for a different 

entry point which sets the baud rate to 9600 BPS and thus causes 

the data to be displayed on the CRT. 

All programs return to the normal cycle which then checks con­

tinuously for further keyboard or base inputs. 

d. Detailed Module Description. Referring to Figure 

2-78, the operation of the various modules is as follows. 

,> No-operation (Figure 2-80) - The function of this module is 

to transfer program control from the inherent CPU operating system 

to the normal cycle of the resident program and consists of a go-to 

sta.tement to the starting address of the normal cycle. 
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GO TO NOID1AL 
CYCLE 

FIG. 2-80 NO OPERATION 

DISABLE 
INTERRUPTS 

CALL 
BEL 

GO TO 
NO rum 
CYCLE 

FIG. 2-81. 

RING BELL HAS BEEN COMMANDED 

DON'T ALLOW KEYBOARD OR 
BASE STATION INPUTS 

BEL IS A SUBROUTINE IN THE CRT 
OPERATING SYSTEM 

BELL HAS RUNG: GO TO WAIT FOR 
FURTHER COMMANDS 

RING BELL 
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Bell Hodule (Figure 2-81) - Upon receipt of the GBF20 corrunand 

from the base station, the resident program first disables the inter­

rupt so that any keyboard interrupts cannot cause the program to 

lose control. A call is then made to the BEL program which exists 

in the ISC ~RT operating system. This subroutine causes the bell 

to ring once and then returns to the normal cycle mode. 

Screen Subroutine (F~gure 2-82) - On receipt of either GBF30 

or GBF40 corrunands a call is made to this module which paints the 

whole face of the screen in light blue background color in preparation 

for the dark blue characters to be placed on the screen. A screen 

pointer is first set up to point to the memory location corresponding 

to the left hand corner of the screen for the background byte that 

will be the light blue background color of that particular screen 

location. Two counters are then set up to enable the counting of 

48 lines display and the 80 character positions of each line. A blank 

foreground character is then moved to that screen location so that 

any existing character that is there will be removed and the back-

ground color for that screen, "cyan" or -light blue l is then moved to 

the next byte which corresponds to the background color of that 

screen location. The screen rointer is incremented by 1 and this 

process continues until all 80 characters on that line have been 
\ 

painted a blank light blue (cyan) color. The line counter is then 

decremented to go to the next line and the above process is repeated 

to color the light blue background color in the next line. This 

process is also continued until all 48 lines of the display have been 

colored a light blue at which time re'turn is made to the calling 

module. 

2-216 

.. 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

THIS LOOP 
TO NEXT 

TO BE COL 

.. ' 

".--" SUBROUTINE 
I "BLAijK" ) 

CALL "'" YES 
"--/ 

i 
LOAD 4 REGIS-
TER HITH 
8000 HEX 

... 

LOAD B REGIS-
TER WITH 
48 DEC. 

LOAD C REGIS-
TER HITIl 
80 DEC. 

LOAD A REGIS-
TER ~UTH 
20 HEX 

THIS LOOP 
COLORS MOVE BLANK 

ONE LINE TO SCREEN OF THE 

A' ""'YAN". 
DISPLAY -1 

cOLOR. IN"GREtffiNT H 

LOAD AI REGIS-I 
TER WITH 
YA HEX 

GOES 
] . 

LINE MOVE "CYAN" 

SET SCREEn POINTER REGISTER AT 
UPPER LEFT HAND CORNER OF THE 
DISPLAY 

SET ONE COIJNTER TO THE NUNBER 
OF LINES ON THE DISPLAY (48) 

SET ANOTHER COUNTER TO THE 
NUMBER OF CHARACTERS ON A 
LINE (80) 

PUT AN ASCII "BLANK" CHARACTER 
IN THE ACCUHULATOR 

PUTS THE BLA1~( CHARACTER IN 
THE SCREEN POrpTER POSITION 

INCRENENT THE SCREEN POINTER 
TO THE COLOR BYTE OF ITS 
SCREEN POSITION 

PUT "CYAN" OR LIGHT BLUE COLOR 
IN ACCUMULATOR 

ORED. TO SCREEN 
COLORS THE BLANK SCREEN 
POSITION TO A "CYAN" COLOR 
(LIGHT BLUb). 

I , 
I 
I 
I 
I , 

I 
I 

I 

INCREMENT H MOVE POINTER TO NEXT SCREEN 
LOCATION 

REDUCE THE NUMBER OF CHARACTERS 
DECHKfLNT C LEFT on THIS LINE BY 1. I 1 f 

@@) 
FIG. 2-8L BLANK BLUE SCREEN 
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NO 

. NO 

YES 

DECREHENT B 

IS THIS THE LAST CHARACTER 
OF THE LINE? 

REDUCE THE NillffiER OF LINES 
LEFT TO GO BY 1. 

OF 
? TrlE DISPLAY? 

YES 

I . J DONE, A BLANK DISPLAY HILL 
~ETU_RN __ , APPEAR IN A BLUE COLOR. 

FIG. 2-82 BLA,,~K BLUE SCREEN (CONT.) 
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Expand Route Status Module (Figure 2-83) - This module displays 

characters corresponding to a particular route status situation for 

up to 22 trucks on the blank blue background described above. The 

screen pointer is first initialized to the left upper screen position 

and one line down and the starting busfile memory locations corres­

ponding to color alert status, truck number, location, and alerts/ 

alarms are stored in registerp-o Seven blank characters (the color 

of which correspond to the color byte) are placed on the screen at this 

time giving the color bar with the color corresponding to the alert/ 

alarm status of that particular truck. The truck number subfile 

pointer is then entered at the subfile location discussed above and 

seven characters are transmitted from the truck variable file to the 

next seven screen locations. This shows the trucking company truck 

number on the screen. Seven tlanks are then left on the screen and 

29 characters of truck location are then printed in a similar manner. 

This is follor.ved by 18 blanks after the location at which time the 

alert/alarm status such as O.K., alarm, alert, etc. is printed on the 

screen. The screen pointer is then forced to increment a line to 

provide double spacing. The truck subfile address pointer locations 

for the above four subfiles are then incremented by 126 to cause the 

next truck in the file to have its information printed on the screen. 

The numLer of trucks corresponding to the line counter initialized at 

the beginning is incremented by 1 so that the next truck in the file 

can be printed on the screen. As soon as whole routine goes through 

the 25 counts it was initialized at, the screen has all the 20 

trucks' status on it and then returns to the normal cycle. 
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USES 
REGISTER 
C TO 
COUNT 

@ 

I 

/"\ 
GBF 40 = y 

LOAD REGISTERS 
B Cr C TO 1 DEC 

. l 
LOAD REGISTERS 
D TO GOAD HEX 

I 
LOAD MEHORY 
LOCATION 'STAT' 
'NUN' , 'LOC' , 
'ALERTS' 

PRINT 7 
CHARACTERS 
OF COLOR 
CONTAINED IN 
'STAT' ON 
SCREEN 

,-PRINT 7 
CHARACTERS 
STARTING 
FROM LO­
CATION 
'HUM' ON 
SCREEN 

I_ 

I MOVE SCREEN 
POINTER BY 7 

PRINT 29 CHARAC-

INITIALIZE LINE AND CHARACTER COUNTERS TO 
UPPER LEFT OF SCREEN 

INITIALIZE SCREEN POINTER TO UPPER LEFT 
OR SCREEN, BUT 1 LINE DOWN 

LOADS 4 FILE POINTERS WITH STARTING 
ADDRESSES OF COLOR BAR, TRUCK if, LOCATION, 
AND ALERT/ALARH SUBFILES OF 1ST TRUCK IN 
THE TRUCK FILES 

PRINTS ALERT/ALAID1 COLOR BAR FOR 1 TRUCK 
ON SCREEN 

PRI[~TS ASCII TRUCK NUMBER FROM SUBFILE 
AT 'NUM' AFTER THE COLOR BAR 

PRINTS 7 BLUE BLAmeS OR SPACES AFTER THE 
TRUCK NUMBER 

TERS STARTING PRINTS 29 ASCII LETTERS OF A TRUCK 
FRON LOCATION LOCATION AFTER THE SPACES 
'LOC' ON SCREEN 

MOVE SCREEN PRINTS 18 BLUE BLANKS AFTER THE TRUCK 
POINTER BY 18 LOCATION 

PRINT 7 CHARAC": 
TERS STARTING 

I 
FROM LOCATION J 
'ALERTS' ON 

. SCREEN 

PRINTS 7 ASCII CHARACTERS DEFINING 
ALERT/ALARM STATUS OF 1 TRUCK AFTER 
BLANKS 

FIG. 2-83 EXPAND ROUTE STATUS 
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FIG. 2-83 EXPAi.1D ROUTE STATUS (CONT.) 

2-221 



I 
-, I 

I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Expand Security Status Display (Figure 2-84) - After the blank 

blue background is put onto the screen this module is entered if the 

command was GBF40. There is an extensive amount of initialization 

because data must be taken from the variable file associated with 

the file truck number in the status buffer at B300 Hex. In addi-

tion, there is a fixed file which contains in sequence all the 

information which is to be princed onto the security status display 

for each and every truck, and this must alslD be initialized. The 

computation is then made to locate the star:ting of the variable 

file information for the particular truck in question in the status 

buffer. Information is stored in the variable files with terminating 

characters at the end of each subfile of the variable file and fixed 

file associated with that truck. The first twelve lines of the 

screen are printed and double spaced. The fixed file information on 

the left of the screen is taken from the fixed file. As soon as the 

ampersand terminating character of the fixed file is reached, the 

logic picks up the location of the first subfile of the variable file 

information for that truck. It starts printing it on the same line 

as the fixed file subfile was printed. It continues to print until 

it encounters a dollar sign. ($) terminating character of the variable 

file as shown earlier in the file description. The logic then switches 

back to the fixed file to pick up the next item of fixed file infor­

mation after the screen has been dou.ble spaced to the next line. The 

above logic is repeated until the first percent sign termination 

character is reached. The percent sign is a terminating character for 

the sensor states which are printed single spaced on the screen below 

the truck status double spaced display. At the conclusion of a 

particular line of data when the percent sign is reached, t~e screen 
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- I 
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ACTUAL TRUCK 

FIG. 2-84 SECURITY STATUS EXPAND 
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1 ___ --;--___ , 
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LOCATION TO BE DISPLAYED 

FIG. ~-84 SECURITY STATUS EXPAND (COUT.) 
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DOUBLE SPACES AND 
CARRIAGE RETURN ON 
SCREEN POINTER 

. I ~ 

FIG. 2-84 SECURITY STATUS EXPAHD (CO!~T.) 
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is single spaced and the next subfile of the fixed file is printed 

onto the screen. 

have been printed. 

This process is continued until 45 lines of data 

The screen at this point appears with all the 

fixed file information and every possible sensor state (both on and 

off) is displayed. All variable file information associated with 

that particular truck appears such as its location, police department 

telephone number, etc. on the screen correctly. However, since 

sensors cannot be in two states at once, one line associated with 

every sensor must be erased. Further, the color bars printed to 

the left of any given sensor need to be printed in order to show 

which sensors caused the alert condit~.on. 

At this point, the module exits to the sensor/alert module shO't'ffi 

in Figure 2-85 which accomplishes the erasing of lines and the 

coloring of bars. There are nix bytes per file which are associated 

\vi th these two functions of erasing lines and coloring in bars. The 

first three bytes (or 24 bits) define which 24 lines need to have color 

bars printed beside them. A une state defines that there should be 

a color stripe, a zero state defines that there should not be a color 

stripe. After the sY$tem is initialized by pointing the screen pointer 

to the upper left of the screHn, by locating the first byte of the six, 

and setting up the registers 1:0 the print the color stripe, the first 

bit of the first byte is examined. If it is a "one", 18 characters 
. "'~.' 

of color taken. from the color status byte of that truck's variable 

file are printed on the screen. If the byte is zero the screen 

pointer is shifted do\~ to the next line. The next bit of the byte 

is then examined. When 8 bits have been checked the next byte is 

transferred for examination ar:d the process is repeated. When the 

first three bytes have been examined, a different mode is entered 
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INITIALIZE 
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FIG. 2-85 SENSOR/ ALERT 
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FIG. 2-85 SENSOR/ALERT (CONT.) 
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whereby instead of color bytes these 24 lines of sensor status data 

are either erased or not erased according to the status of each bit. 

There are three bytes of 24 bits to state whether these 24 lines 

should be erased or left as is. After the sixth byte is checked the 

Security Status display is completed and a return is made to the 

normal cycle. 

Remote CRT/Printer Module (Figure 2-418) - The operation of both 

these peripherals is identical except that the I/O port they are both 

attached to is set to a different baud rate for the remote CRT as 

opposed to the printer. If it is a remote alarm output, the baud 

rate is set for 9600 bits per second. If it is the printer, the 

port is set to 300 bits per second. 

The first operation performed :Lo11owing the establ.ishment of the 

baud rate is set is to set a pointer to the first byte of the printer/ 

CRT buffer which contains the data to be transferred. A flag is 

set indicating that printing is in progress. This flag will be 

checked at the conclusion of the first pass through the module 

following which the program rBturns to the normal cycle and checks 

that no interrupts from the keyboard are pending. (This is a lengthy 

module and provisions must be made to allow the operator to command 

the base station). 

The first byte of the buffer is then transferred to the second 

I/O port if it is not the terminating character. After incrementing 

the buffer pointer, the normal cycle is re-entered and interrupts 

are checked for. At the conclusion of one pass through the normal 

cycle, a return is made to this routine to check if the flag has been 

set to zero. If it has not, printing continues. 
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PORT TO 9600 

BPS 
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IN 'PRINT' 
POINTER' = P 
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B200 HEX IS STARTIHG 
BYTE LOCATION OF 
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FIG. 2-86 REHOTE ALARl1 OR PRINTER OUTPUT 
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FIG. 2-86 RKlOTE ALAr~1 Olt PRINTER OUTPUT (CONT.) 
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This process continues until the terminating character 03 is 

reached at which time the flag is reset and the baud rate of the 

second I/O port is set back to 9600 bits per second to allow key­

board input from the remote alarm CRT to be interpreted and sent 

to the base station. At this time execution is returned to the 

normal cycle. 

Truck File Update Module (Figl1re 2-419) - This module allows 

updating ot truck information from dIe base station. The module 

is entered upon receipt of the GBF60 command. The module picks the 

first byte of the buffer (which vTill be the truck number) which de­

fines the subfile which is to be updated. A computation is made 

incrementing 126 bytes times this truck number so that the correct 

pointer location can be set in the truck files. The second byte 

of t~e buffer is the offset into the subfile to show whether the 

update information to be location, status, etc. This byte is added 

to the previous computation to obtain the truck file pointer (after 

the AI00 address defining the start of the file is dlso added). At 

this time the third byte is obtained from the buffE.'r to check to see 

if it is the terminating character for the update i.nformation. If 

it is not, the byte is transferred to the file according to the ad­

dress pointer. The pointer to the file is updated and the pointer 

to the buffer. is updated and the process is repeated. When the 

terminating character (ampersand) is reached .111 the information has 

been transferred and an exit is done to the normal cycle. 
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FIG. 2-87 TRUCK FILE UPDATE 
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CHAPTER III. SYSTEM RESULTS 

A. Introduction 

From a technical viewpoint, the state-of-the-art of vehicle 

monitoring has been significantly advanced by the successful develop~ 

ment and demonstration of the Cargo Security Field Test System. 

Implementation of the system resulted in providing an active demon­

stration of the multi-user, wide area coverage capacity of the 

system and demonstrated the potential capability of AM Phase-Lock 

as a vehicle location technology. 

The development a,nd subsequent operation of a dedicated, common, 

mobile radio digital communication link for mUltiple users was proven 

viable, useable and operationa.lly acceptable from an end-users stand­

point. Furthermore, there were numerous technical firsts achieved 

with the implementation of the sophisticated, combined data-base­

driven and event-driven data procpssing system·which operated in a 

distributed processing environment. 

B. Key Accomplishments 

The Cargo Security Fi.eld Lest Program consisted of outfitting, 

testing, and evaluating the implemented system which was installed 

in two distinctly separate pic'k-up and delivery truck fleets. The 

system components includGd 20 vehicles at each trucking operation, 

a single channel mobile radio communications system, dedicated land 

lines, a central base station and two remotely located dispatch sta­

tions. In addition, a specially designed master phase synchroniza­

tion unit (rubidium standard) and two slave receiver units were 

installed at the cooperating M1 broadcast radio stations and 256 

electronic, pole-mounted signposts were installed to support the 
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vehicle location system. The system was designed to operate on a 

24-hour a day, seven day a week basis. 

The results of the test and evaluation of the upgraded system 

design are summarized in the following paragraphs in terms of the 

systems developed: 

o Vehicle Location System 

A wide area coverage Automatic Vehicle Location (AVL) 

system was developed w"hich was operated and provided 

vehicle location data for a 400 square mile area (the 

area is greater than the sum of the areas covered by 

all previous AVL systems). 

A very accurate, repeatable, economical AM Phase 

signal tracking sensor/receiver was developed. 

A differential navigation system which used two 

location technologies was developed. 

It was found that the effects of the external environ­

ment require that additive augmentation, to solve some 

VG.ry special multipath problems should. be inco.rporated 

in the system t'J realize the full potential in terms 

of location accuracy. 

o Sensor System 

The development and test of the inclusion of combi­

natorial sensor logic (more than one sensor on required 

to declare potential alert event) in the vehicle 

demonstrated that fewer events (alerts and alarms) 

were declared by the sensor data processor. 
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o 

o 

The economical, off-the-shelf sensors used in the 

system required a reasonableness testing criteria 

(inclusion of long time constants) to preclude the 

possibility of declaring false alarms. 

The environment of the installed senso'rs was hostile. 

Effective implementation and use of the cargo com­

partment motion sensor was marginal and consideration 

should be given to deletion of the sensor, especially 

if the system is implemented in tractor-trailer units 

or if operation in the after hours mode is eliminated. 

Communication System 

A single channel, multi-user, digital, mobile radio 

communication system was developed. 

The developed system operated in a truly non-interference 

basis with the normal trucking operation. 

An experimental license is not practical for the sys­

tem operation, a regular license is required. 

Numerous instances of malicious mischief were detected 

with respect to the communications antenna installa­

tion. Additive preventive measures and protection are 

required. 

Communication coverage in the trucking company yard is 

unique to the individual trucking company and may re­

quire special installation or modification to the system 

operating philosophy (such as deletion of the after 

hours mode) to be successfully implemented. 

Base Station/D~spatch Station System 

An event-driven dispatch display system, which 

operates five devices using a single low speed 
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land-line communications link, was developed. 

A simple, comprehensive user-oriented interactive 

dispatch display and recording/printout system was 

developed. 

A transaction history and vehi.cle recent history 

recording algorithm and recall procedure was 

de'J'eloped to provide security personnel with a log 

of vehicle activity. 

A 100 to 1 input data message filter/editor for 

vehicle data was successfully developed and evaluated. 

A stre.et data base algoritp.m, di.gitizing method, 

real-time nearest intersection look-up algorithm 

and vehicle in-route /out-of-route algorithm was 

developed to provide an alphanumeric display of each 

vehicle location to the nearest of over 30,000 inter­

sections and ,:ehicle route status for 40 truck routes 

in the 400 square mile coverage area. 

C. Location Subsystem 

A.;::I Phase-lock testing wc:..s done in two major phases. In the first 

phase, the raw AM phase data was captured on magnetic tape in a 

few dispersed regions of the test area. The data was plotted and ana­

lyzed to (1) determine the feasibility of implementing the system 

without mapping the entire 400 square mile area and (2) determine the 

tracking characteristics of the new k~ Phase receiver. 

In the second phase, the raw .A}1 phase test data was trans­

ferred to the base computer, via the dedicated communications link, 

whe&e the data was converted first to standard X-Y coordinates and 
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then to the nearest street intersection. The street intersections, 

along with the AM Phase and X-Y coordinates were printed out in 

alphanumeric form. Tests 1ilere run in areas in the near vicinity of 

parallel overhead wires, areas passing through underpasses, and several 

randomly selected points throughout the area. 

The major conclusions of these tests were: 

o The underlying k~ Phase measured grid matches the theoretical 

calculations. 

o The underlying radio frequency (RF) field grid linearity and 

match to the theoretical grid was exhibited in widely dis­

persed areas of the test area. 

o The RF fields are stable and reproducible on different days 

or nights. 

o High rise areas, underpasses, and overhea.d parallel wires 

can induce permanent error offsets (cycle slips) in the 

receiver tracking loops. 

o Short (distance) localized warps ca.use less than a 600 foot 

temporary distortion in instantaneous location accuracy. 

o Short warps can be \'ery sharp and exhibit as much as 1800 

phase shift within e 20-foot distance. 

o Cycle slips due to parallel overhead 'tvires can cause an 

indefinitely increasing location error. 

o Station over-modulation distorts the carrier causing instan­

taneous phase noise which translates to no more than a 70 foot 

instantaneous location error. 

o Digitizing and computer errors translate to less than a 

50' error. 
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o 

The randomly located test points results (including over­

head wires and underpasses) indicated a 6000 foot 1 95% error. 

Elimination of resetting signpost errors can produce poten­

tial tracking accuracy with a worst case error of less than 

200 feet. 

1. Theoretical and Linearity Tests. Tests were run in'a few 

widely dispersed areas of the test area to determine if the actual AH 

Phase grid matched that predicted by the phase versus distan'ce equa­

tions. The theoretical equations of the two phase pairs are: 
2 2 '/'z· 2 2'/.E 

0X = l/AB(dA-dB) = l/AB [[ (~-XA) + (YV-YA) ]-[ (XV-XB) +(YV-YB) ]] 

where 0X is the line of position of the frequency pair 1070 KHz - 640 

KHz, 0y is the 1540 - 1070 pair, ABis the wave length of the 640 KHz 

frequency. AC is the wave length of 1540 KH , d~ is the distance from z .d. 

the reference station (1070 KHz) to the position of the vehicle. dB 

is the distance to the 640 KHz station and de is the distance to the 

1540 KHz station and X's and Y's are the orthogonal grid coordinates of 

the vehicles and stations from which the distances are computed. 

Using these equations (where the X, Y data is taken from the U. S. 

Geological Survey Maps) the theoretical phase counts were determined 

at various points within the areas. A set of test data acquired in 

Carson is illustrative of this evaluation. The test route consisted 

of Main Street, Redondo Beach, San Pedro and Alondra and is shown on 

the map in Figure 3-1. The calculated AM Phase coordinates for th~se 

intersections are shown in ~able 3-1. 
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FIG. 3-1 TEST ROUTE IN CARSON 
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The plotted raw AN Phase data, as taken fromi:thetest vehicle, is 

shown in Figures 3-2 and 3-3. A comparison of these plots with the 

calculations, demonstrates that the m.easured fields (smo(:>thed by a 

"least squares" line) deviate from linearity over the distances involved 

in this test by· less than .05%. To excluCle the effect of localized 

warps, the technique for laying in the linear line to the data is to 

find those data segments which are linear and to connect up these linear 

segments with one overall straight line. When this is done for all eight 

tests points for the Carson run and compared to the calculated data, 

close correspondence is achieved (Table 3-1). 

TABLE 3-1 

Hain St. Redondo Beach San Pedro Alondra 

0X measured 150 900 8 1040 

Ii'X calculated 140 892 14 1046 -- -- -
Difference 10 8 -6 -6 

0y measured 1386 1450 1130 1720 

0y calculated 1~~8~ 1460 1130 1712 -- -- --
Difference 4 -10 0 8 

I The slight discrepancies are cal.lsed by odometer error, data fitting, 

map coordinate error, etc. 

I 
I 
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2. Final Phase Testing. Based on the results of the theoretical 

and linearity tests or&would expect the fina] system output of position 

to be very good, and this was the case in large portions of the test 

area. For example, the same test area in Carson discussed previously 

was run again in the final system configuration, with the results 

presented in Figure 3-4. The vehicle was run at a constant velocity 

and polled by the base station at 15 second intervals. The X-Y results 

were then plotted (small circles) on a map of the area, and shows that 

the worst case error on this route was less than 200' . 

The effect of a proximity unit at Alondra and Main is also shown 

by the dashed lines along the route. The reset signpost introduces 

a constant bias offset by the distance the vehicle is away from the 

signpost when it is reset. 

If this offset is removed, the 95th percentile error is reduced to 

approximately 100'. (This residual error is caused by localized warps at 

certain locations ), and this best demonstrated that the AM Phase unit 

was precisely tracking the actual carrier phases. 

It was demonstrated during the testing that similar accuracies 

could be acheived in much of the test area. However, in many local areas 

external environment effects cau[,ed the actual phased grid to be severe­

ly distorted from the theoretica~ grid with a result and degradtion of 

accuracy. Although these local areas are small geographically, they 

can introduce a permanent error Ilffset at the point of occurance, and 

since the system is inherently a differential navigation system, all 

subsequent position reports are in error by this offset until the 

location system is reset by receiving a proximity unit transmission. 

The basic cause of these distortions is R-F multipath. Large 

structures such as underpasses, high rise canyons, and overhead po'wer 
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distribution lines (600 volts or higher) reflect the radiated 

signal from the radio station. If the vehicle is situated close 

to such a structures and in such a manner that the main signal is 

partially blocked, the relatively strong radiated signal from the 

structure combines with the weak main signal to give a combined, 

distorted R-F input to the phase receiver. The receiver tracks this 

combined signal very well, thus distorting the vehicle location 

data. 

In cases where the reflected signal is the strongest of the two, 

the receiver starts tracking the re-radiating structure. (When 

the re-radiation is the weaker of the two, it causes the temporary 

phase warps seen in the AM Phase plots in Carson). During the time 

that the vehicle is tracking the structure, it is losing the accum­

ulated cycles it should be obtaining from the real radio station. 

These lost cycles ("cycle slip") are never recovered since AM Phase 

is a differential naviation system and a permanent bias error offset 

is introduced into the system. 

This offset characteristic is illustrated in Figure 3-5. 

In this controlled test, the vtc:hicle went straight west on Alondra 

Street from Main Street. It passed under the Harbor Freeway (under­

passes are highly reflecting due to the steel in the concrete), 

continued to Ainsworth, turned left on Ainsworth, made a U-turn and 

returned to the start point at Alondra and Main. 

For a short period fiom the start, power distribution lines 

to the right of the vehicle caused a permanent offset (this effect 

is discussed below) of approximately 250'. With this offset cor­

rected for, (the dashed line), it is seen the vehicle tracks perfect­

ly until it starts to enter the underpass and begins to track·:the 
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strong multipath re-radiation from the structure. The resulting 

highly distorted phase throws the apparent track of the vehicle 

to the south-west of the trUe track On exiting the underpass the 

receiver requires the actual broadcast signal find (with the offset) 

tracks to Ainsworth. Following the u-turn the systems correctly tracks 

back until it encounters the underpass again going in the opposite 

direction. The tracked multipath re-radiation causes an offset to 

the northwest of the true track thus correcting the initial ,<!:iffs:et. 

Reaquisition of the actual broadcast signals result in correct 

tracking until reaching the start point. It should be noted that 

there is no repeat of the initial power line distribution distortion 

at the end of the test run. The apparent reason for the effect is 

that the vehicle returned at a distance from other wires. Beca.use oJ; 

the high order fall-off of field intensity with distance in the near 

field, doubling the distance away from the source reduces the received 

re-radiated signal many orders of magnitude and thus result in 

minimun erJcor. (This effect precludes the use of field mapping to 

eliminate warp areas - the offsets are critically lane-of-traffic 

dependent. 

Since the underpass was symmetrical (and the vehicle traveled 

on the inside lane in both directions) the underpass offset was also 

relatively symmetrical. However other experiments with this under­

pass show that "tvider traffic lane separation causes non-symmetry and 

results in a net permanent offset in a closed path best. 

A test was also made to determine the effect of multipath re­

radiation from power lines on the system. Figure 3-6 shows the 

results of this test and cle8rly demonstrates the effect of multi­

path on vehicle location. Portions of the run were repeated, 
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and an additional path was added to the upper right of the route, 

(east on Campton to Central, and returning west on Redondo Beach.) 

Starting at Alondra and Main, the first two legs (north on Main, 

east on Campton) show very close correspondence with the results. 

At point A (Avalon Blvd.), high voltage power lines are encountered 

on the south side of Carson and remain until the U-turn at Central 

(point B). The effect of these power lines differs on the return 

path (due to different near field effects on opposite sides of the 

street). The vehicle escapes from the influence of these power 

lines at point C where Redondo Beach turns slightly to head West. 

From this point the vehicle tracks correctly back ot the start point, 

(carrying the net power line approximately 1500 feet indicated by 

the arrows labeled d). 

From an overall system standpoint the effect of underpass and 

high voltage lines is highly deleterious to system accuracy) but in 

areas free of these influences the M1 Phase location system can cor­

rectly track the location of the vehicle." 

In addition ot the controlled tests discussed previously, the 

system was tested for overall area accuracy (including high lines 

and underpass effects) at 50 points randomly selected throughout 

the test area. 

The method of the test was to proceed by an assigned route to 

the location test points in a given order. At each point, the base 

station manually polled the vehicle for location, and the results 

were compared to the acutal X-Y of the points taken from the geo­

logical survey maps. Where reset proximity units were encountered 

on the route, the effects of detection range offsets were corrected. 

The resulting accuracy data is thus totally route dependent in going 
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from one point to the next (depending on any undet"passes or power 

lines present on the route). 

The results of the 50 point test are shown in the error scatter 

plot in Figure 3-7 and Figure 3-8 presents a histogram and cumulative 

d~stribution of these errors. An attempt was made during the test 

to note the presence of wires or underpasses (anomalies) and the data 

was plotted with and without anomalies. The overall cumulative of 

the data is also shown. 

Analysis was conducted to determine the type of distribution 

the data displayed. By manipulating the class interval width it 

was determined that the data was neither a Rayleigh or a Normal 

distribution. By using a class interval width that varied from 

~ mile at the low end and gradually increasing to a mile at the up­

per end the data fits very loosely to that of exponential distri­

bution. However, due to the lack of points available in each class, 

no confidence limits were determined. 

D. Other Testing 

In "addition ot the accuracy testing described previously, 

other tests were run to valid~lte the cargo security system's readi­

ness for acceptance testing. These tests are mostly described by 

the printout obtained from th~ base station which consists of trans­

actions of an event nature between vehicles the base station as well 

as the dispatch stations. Con~unication tests were run and a physi­

cal examination of a randomly selected sample of vehicles was con­

ducted by The Aerospace Corporation to validate that all equipment 

was installed. 
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1. Integration Testing. Thirty five vehicles from both Transcon 

and GI were brought to a state df operational readiness in the final 

period of integration testing. The system was all enabled including 

both dispatch stations and the base station, and was to run in the 

free running mode for one to two day periods. The base station print­

er printed a log of all transactions during the day, involving any 

event of an unusual nature occurring on a truck. A typical full day 

log is shown in the appendix. A page from this leg and its interpre­

tation is as follows. 

The base station log is in highly compacted format and the codes 

which describe events are shown in Table 3-2. The April 19th print­

out show in Figure 3-9 shows the first transaction to be related to 

truck number 924, a Transcon vehicle. The next three characters are 

are not of significance and show an alarm condition. The location 

of the truck at the start of the alarm condition is at the intersec­

tion of Smith and Norwalk Streets in Santa Fe Springs. The time of 

occurence of the alarm was at 2:26 P.M. The event causing the a1arm 

was countermeasures. It occurred because of lack of ~ommunication 

with the vehicle for three consecutive polls. (It should be pointed 

out that this alarm condition occured fairly frequently because the 

base station power had a that time been heavily attenuated in an 

attempt to eliminate interference with co-channel users in the area 

of Los Angeles, with the consquence that communicative cover-age of the 

area very very marginal.) 

The next log event was an alert on Truck 962 located at Santa Ana 

and two-tenths of a mile east of Indiana Street in Los Angeles at 

2:27 P.M. This alert condition was that the seat was empty, yet the 

vehicle was moving. (The alert: condition was caused by the l'ack of a 
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TABLE 3-2 BASE STATION LOG EXPLANATIONS 

EXECUTIVE PROCESSING ERROR MESSAGES 

50 ALERT CONTROL PROCESSOR POINTERS ALIGNED 
51 CO~~~ND WORD 0 IN ALERT CONTROL PROCESSOR 
52 
53 

54 
55 

56 
57 
58 

59 
60 

61 
63 
64 

65 
66 
67 

NOT VALID COMMAND '-lORD IN ALCPRC INPUT 
NO BUFFER IN DRVALM 

COULD NOT GET VREF FILE - DRVALM 
COULD NOT FIND BUFR - NORMSN 

COULT NOT GET VREF FILE - NORMSN 
COULD NOT FIND BUFR - RLOADR 
COULD NOT FIND VEHICLE - RLOADR 
COULD NOT GET VREF FILE - RLOADR 
RAM LOAD ALREADY IN PROCESS 
NOT VALID VEHICLE DECLARED - SCRAMB 
VEHICLE IN REMOTE ALRM MODE - RLOADR 
COULD NOT LOAD RAM - VEHICLE RAM SENSORS DISABLED 
COULD NOT FIND BUFFER - SCRAMB 
ERROR IN GET VREF - SCR&~n 

NO RAM PROCESSING 
VEHICLE COMMUNICATIONS PROCESSING ERROR MESSAGES 

o VC FLAG ERROR - VCHPRC 

1 

2 

10 
11 
12 

13 
14 
15 

16 
17 
18 

19 
20 

PROCESSOR FLAGS ERROR (VCMPRC) 
PROCESSOR FLAGS CLEAR (VCMPRC) 
ALL ZEROES ON INPUT -- WDI -- (VEHXPT) 
ALL ONES ON INPUT -- WDI (VEHXPT) 
VEHICLE NOT IN QUEUE -- ENABLED (VEHXPT) 
VEHICLE NOT IN STATUS BUFFER -- VSTAT -- (VEHXPT OR SMUPD) 
VEHICLE NOT FOUND -- END OF BUFFER (SSPBUF) -- (VEHXPT) 
VEHICLE NOT NORMAL MODE-LOCATION REQUEST OR RESET SP 
INPUT -- (VEHXPT) 
VEHICLE MODE NOT NORMAL - MILEAGE INPUT -- (VEHXPT) 
VEHICLE ACKNOWLEDGE NOT REQUIRED -- (VEHXPT) 
VEHICLE NOT REMOTE ALARM MODE, REMOTE ALARM ARM INPUT 
(VEHXPT) 
VEHICLE NOT ENABLED -- (VEHKPT) 
SMINPD POINTERS ALIGNED -- (SMUPD) 
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22 

23 
24 
25 
26 
27 

28 

29 

30 

31 
32 
33 

34 
35 

36 
37 

33 
39 

40 

41 
42 
43 

TABLE 3-2 BASE STATIOi~ LOG EXPLANATIOi:\JS (CONTINUED) 

ALERT CONDITIONS EXIST WITHOUT EVENT AFTER SENSOR DEACTIVE 

TESTED 

IMPROPER EVENT 
RM1 LOAD IMPROPERLY INDICATES ALERT 
SENSOR EVENT IMPROPER 
MILEAGE REPORT - WRONG CODE 
MODE BIT IMPROPER -~. (MIUPDP) 

VEHICLE NOT IN STATUS BUFFER) 

IMPROPER MODE FIELD - (SMUPD) 
SENSOR EVENT DECLARED, EVENT FLAG NOT SET -- (SNEVNT) 
SENSORS INDICATE NO ALERT WITH EVENT (SNEVNT) 
TAMPER BIT SET ALL OTHERS CLEAR 
SENSOR DISABLE PENDING FLAG SET WITHOUT SENSOR LOADED (SNSPT) 
ACKNOWLEDGE RECEIVED WITHOUT CO~~ND (SNACKN) 
NOT VALID ID FOR VREF -- (SNACKN) 
NOT VALID IN VSTAT -- (RAMPRC) 
IMPROPER INPUT TO ~~PRC 

IMPROPER FLAGS SET FOR SLOWPOLL COUNTERMEASURES 
ERROR RETURN - RTVREF, SNSPOL 
ERROR RETURN - GTVREF, SNEVNT 
ERROR RETURN - GTVREF, SCMEVT 
VEHICLE NOT IN STATUS BUFFER, LOCUPD 
IMPROPER MODE, LOCATION DATA, LOCUPD 

44 NO BUFFER AVAILABLE, LOCUPD 
45 

46 

47 

43 

49 

50 

51 

52 
53 

54 
55 
56 

57 
58 

ALL ONES FOLLOWED BY ALL ONES 
COULD NOT FIND SLGNPOST, SPTEST 
COULD NOT FIND BUFFER, SPTEST 
COULD NOT FIND FILE, SPTEST 
COULD NOT FILE, SPTEST 
ALL ZEROES FOLLOWED BY ALL ZEROES 
NO DATA IN X,Y FILES 
CANNOT FIND MINIFILE 
VALUE NOT IN X,Y FILES 
POINTERS ALIGNED, LOCUPD 
BUFFERS FULL, RESNES 
ERROR IN GATING VSEF, RESENSE 
NOT VALID VEHICLE - CLNUP (SPVEHD) 

ERROR IN GETTING VSTAT - CLNUP 
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59 

60 

61 

62 

63 

64 

65 

66 

TABLE 3-2 BASE STATION LOG EXPLANATIONS (CONTINUED) 

NO RESPONSE FRO~ VEHICLE POLL - 3SEC 
VEHICLE NOT IN QUEUE - RARQST 
COULD NOT UPDATE VRED - SNACKN 
MODE = 6 or 7 ON INPUT WORD - (VEHXPT) 
ROLLOVVR OR REQ BIT SET - MODE 3, (VEHXPT) 
ROLLOVVR OR REQ BIT SET - MODE 4, (VEHXPT) 
ROLLOVVR OR REQ BIT SET - MODE 5, (VEHEXPT) 
VEHICLE NOT IN STATUS 1, 2, 3, OR 4, REMOTE ALARM REQ 
OR EVENT (VEHXPT) 

67 SENSOR ENABLE ACKNOWLEDGE IN NON-NORMAL MODE -- (SNACKN) 
68 SENSOR EVENT WITH NO SENSORS SET -MOTION EXCLUDED -- (SNEVNT) 
69 H1PROPER FLAGS SET NTEXIT 
BASE STATION PROCESSING ERROR MESSAGES 

1 'C1' DISABLED 
2 IP1' DISABLED 
3 (UE/UD) VEHICLE ID ~ITHER 64 OR 0 

4 (UE) VEHICLE ID ALREADY IN VEHQUE 
5 (UE) VEHICLE # ALREADY IN VSTAT 
6 (UE) VEHICLE # NOT IN VREF 
7 

8 

9 

10 

11 
12 
13 
14 
15 
16 
17 

18 

19 
20 

21 
22 

23 
24 

(UD) ID NOT ASSIGNED TO VEHICLE # 
(UE) INVALID TRUCK (~O. 

(UE/UD) INCORRECT DISPLAY MODE 
(UD) VSTAT ENTRY NOcL FOUND 
(SD/SE) INVALID SENSOR 
ACKNOWLEDGE ALREADY PENDING 
SENSOR ALREADY DISATILED 
SENSOR ALREADY ENABLED 
BUFFER SPACE NOT AVAILABLE FOR READ OF STFILE 
ATTEMPT TO READ PAST EOF ON STFILE 
HARD ERROR OCCURRED ON CHANNEL 7 
CHANNEL 7 IS NOT OPEN 
STFILE NOT FOUND 
VREF FILE NOT FOUND 
ATTEMPT TO READ PAST END OF VREF 
HARD ERROR OCCURRED ON CHANNEL 7 

CHANNEL 7 NOT OPEN 
INVALID REQUEST 
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TABLE 3- 2 BASE STATION LOG K{PLANATlm:rS (CONTINUED 

25 DISPLAY CANNOT BE CW.~NGED 

26 BUFFER SPACE HOT AVAILABLE 

27 VSTAT EXCEEDED 

28 SPVEHD EXCEEDED OR SPVEHE 

29 VREF FILE NOT FODND 

30 ATTEMPT TO WRITE PAST EOF 

31 HARDWARE ERROR 

32 CHANNEL NOT OPEN 

33 INDETERMINATE ERROR 1 

34 ID NOT ACTIVE IN VEHQUE 

35 INVALID COMMAND TO BASE STATION 

36 UNIT ENTRY COMPLETE 

37 UNIT DELETE COMPLETE 

38 SENSOR DISABLE COMPLETE 

39 SENSOR ENABLE COMPLETE 

40 ZERO AM PHASE COMPLETE, VEHICLE ONLY 

41 ZERO AM PHASE COMPLETE, VEHICLE AND PROCESSOR 

42 DISABLE ALL SENSORS COMPLETE 

43 ENABLE REMOTE ALAfu~ COMPLETE 

44 DISPATCH PROCESSOR ~OADED TRANSCON 

45 DISPATCH PROCESSOR ,~OADED - GI 

46 SLOW POLL DONE 

47 RAM LOAD COMPLETE 

48 OUT OF ROUTE ALREAD{ DISABLED 

49 OUT OF ROUTE ALREAD- ~ ENABLED 

50 INVALID ROUTE (S) EN"~ERED 

51 INVALID DEVICE 

52 INVALID TIME 

53 INVALID DATE 

54 BUFFER SPACE NOT AVAILABLE FOR PRHIST 

55 ATTEMPT TO READ PAST EOF RHAVVV 

56 HARD ERROR 

57 RHAVVV NOT FOUND 

58 INVALID DELTA FOR RECENT HISTORY 

3-25 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



- - - - - - - - - - - .- - - - - - - -
1 9:~4 1~L.tlF:M SMITH NCJ F< ~J AL. 1\ SNTA F SF' 02:26P CNTF: M!3R 
2 ·96:3 {~LEF:T S(")NTI~ f-INA O.2E: INDN L ANGELES 02:::!"7P ~;T MTY,110V 
3 963 I~LEf~T SANTA ANA () • ~~E INDN L ANGEL.ES O::!:::!BP ST MTY,I,ON 
4 </63 ()LEF~T SANTA ANA 0.2E INDN L. ANGELES 02: :~OP ST MTY,MOV 
5 9 1.):3 AL.EFn SANTA ANA 0.2E INDN L ANGELES 02::30F' ST MTY,I\ON 
6 0"70 ALEFn PIXLEY ATLANTIC LA COUNTY 02:3lP ST MTY,I,ON 
7 070 ALERT PIXLEY ATLANTIC LA COUNTY 02::3:1.P ST MTY,MClV 
8 144 ALERT VHWINIA 39TH L ANGEL.ES 02:32P LDR,I\ClN 
9 tJC 11SG 020 

10 VC MSG 031 - VID 04 
11 963CSZALAF~M "7TH EfJPAI:::,~NZA L ANGELES 02!34F' STP,OUT ClF ra,CD 
12 144 ALEI~:T VIFWINIA 39TH L ANGELES 02:36F' ST MTY,MClV 
13 :1.44 AL.ERT VIFWINIA 39TH L ANGELES 02!36F' ST I-fTY, KON 
14 uc MH(:; O:~1 - urn {)4 

w 15 963 Al..EFn 7TH ESPt-1RANZA L ANGEL.ES 02t44F' ST MTY,MOV 
'/ 16 0"74 ALM~11 SLAUSON GAFWIELD COMMEI=i:CE 02:4e")F' CNTI~: MSI=i: N 
0"1 17 VC MSG ()~H .- VID 0"7 

18 96:3 ALEF:T DIH-iAN 6TH LA COUNTY 02:51P ST MTY,KON 
19 VC rlSG 0:51 - t)ID :1.6 
20 07() (~)LM-':M PIXLEY ATI...I~NTIC L.(") COUNTY 02:54P STP,ClUT OF RT,CD 
21 144 ALARM VIRGINIA 39TH L ANGELES 02t55P STP,OUT OF I:::T ,CD 
22 963 ALERT WHITTIEI::: DITMAN LA COUNTY 02:56P ST MTY,MOV 
23 144 ALEF:T VIFWINIA 39TH L. ANGELES 02: ~j6P L.DR,I,ON 
24 vr' ,-, r1SG 031 - VID 07 
25 VC 11SG 03:1. - VIti 04 
26 963 (~lLERT WHITTIER DITMAN LA COUNTY 02: ~57P ST MTY, t10V 
27 ~}C MSG 053 
28 07() {~LEfn PIXLEY ATLANTIC LA COUNTY 02:58P ST MTY,KON 
29 070 AL.EI:::T PIXLEY ATLANTIC LA COUNTY ()2:58P ST MTY,MOV 
30 I,J(~ NSG Ot"):3 

FIG. 3-9 ONE DAY OF THE BASE STATION PRINTER LOG 
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long enough time constant on the seat sensor. When vehicles are 

traveling on bumpy roads the bouncing of the driver can cause the 

sensor to become momentarily open indicating that the seat is empty 

yet the motion sensor indicates that the vehicle is moving). 

The third log printout fOl: the same truqk occurs one moment 

later and indicates that the seat is empty with the key on. (The 

nature of the log is such thgt ivhen two alert conditions occur> 

namely seat empty> moving> and seat empty> key on a the same time> 

the alerts are printed sequentially so in actual fact log item 2 

and log item 3 all refer to the same conditon). 

The fourth item, on truck 963, occurring at 2:30 P.M. also 

indicates that seat is empty, moving, but in this case it is merely 

and indication that the alert has been cleared. The same holds for 

the next transaction indicatir'g thE~ seat empty/key on condition has 

been cleared. (All of these 4 transactions were a consquence of one 

bounce on the seat sensor for Truck 963), 

The next two events in the log refer to Truck number 70, a GI 

trucking vehicle, at Pixley ard Atlantic in LA county are quite sim­

ilar to what was discussed above, and oC'.curred at 2: 31 P .H. ,seat ,.-, 

empty, key on and seat empty, moving \'ire sequentially printed. The 

next time in the log for trucg number 144, a GI truck, at Virginia 

and 39th in Los Angeles indicates that the left door is open and the 

kE'!y is on thus giving an alert condi tiCin. This is a valid alert 

which actually occurred in thE proper operation of the system. It 

does, however, indicate that what was bE\lieved in the beginning of 

the program to be a potential theft condition is actually quite 

normal. The left door open and key on, for example, is a very com­

mon occurrence in those trucks which have a power lift on the tail-

3-27 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

gate of the vehicle and requi'l-e the motor to be running in order 

for it to operate. 

The next item in the log indicates a vehicle communications mes­

sage 20. This is a software state printout and in no way indicates 

invalid operation of the system. The log was designed to serve the 

purposes of program development as well as for the purposes of log­

ging vehicle events. 

The next log transaction, vehicle comm message 31, for vehicle 

94 indicates that sensor event occurred yet did not cause an alert 

condition in the software. (The software has built into it the 

identical filter logic that appeared in the vehicle. Thus, even if 

an event should trip a sensor combination not detected by the com­

binatorial vehicle logic, the base station will still filter the mes­

sage prior to being sent to the dispatch station). 

In this case, when this ,yehicle exited the freight yard, the 

RAH was not successfully load(·d and thus all events were transmitted 

from veh~cle 4. (Vehicle 4 i~ the code number in the computer for 

on of the thirty-five vehicleE). 

The next transaction, Number 11, indicates vehicle number 963 

at Seventh and Espera in Los Angeles at 2:34 had an alarm condition 

cuased by the vehicle being stopped, out of route, with the cargo 

door open. This appears to bf' a valid event but could have been 

contaminated by the inaccuracj es of the tracking unit (i. e., the 

vehicle could actually have been in route). No verification of 

this was possible. 

Transaction 12, involving truck 144, and transaction 13 represent 

another seat bounce problem. These would normally have been cleared 

with two additional transacU on entries but other priority traffic 
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precluded the transmission of these low priority clear~ng transaction. 

There is a second message 31 from vehicle 04 still indicating 

its RAM is not loaded. Transaction 15 sho:ws that the truck number 

63 had actually started moving and had experienced a seat bounce. 

The corresponding key-on transaction appears in transaction 18 and 

both are cleared in transaction 22 and transaction 26. 

As the rest of the page is reviewed it is seen that most of 

the other transactions involve a chattering seat sensor, each chatter 

causing two alert conditions and two alert clear conditions for the 

same vehicle. 

An item not discussed previously is transaction 30 involving 

vehicle comm message 053. This particular vehicle comm message 

indicates that the value of the received AM Phase was not found in 

the X-Y files (meaning the arc.~a digitized for testing). This would 

suggest that the vehicle has left the test area. It could be caused 

by the vehicle actually leavir.g the test area or an incorrect loca­

tion computation indicating the vehicle had left the test area when 

it had not. 

All the remaining transclctions on this page have been discussed 

previously. 'In summary, it eD'phasized that the majority of trans­

actions causing an alert concijtion were caused by either a chattering 

sensor, poor communications, C'r potential inaccuracies of the location 

system. Recommendations dealing with these three problems will be 

discussed in a later section. 

2. Additional Testing. In addition to the testing of the 

integrated system described earlier, extensive communcation testing 

of the system was performed in intervals throughout the life of 

the program. In the first testing that was performed, full power 
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was used and a survey was conducted throughout the four hundred 

square mile reg.ion. The results £0 this testing demonstrated that 

the round trip data throughput (i.e., a successful completion of the 

transmission from the vehicle to the base station and back again) 

exceeded 9S.5 percent throughout the whole area. (This result was 

confirmed later in the course of accuracy te.sting at the fifty 

randomly selected points). These tests 'tvere conducted undsr the 

conditions of daytime and nighttime hours, peak traffic and low 

traffic, in rain and on clear days, and in different seasons of the 

year:. 

However, co-channel interference with other users outside the 

Low Angeles area was discover~·d and it became necessary to attenuate 

the transmitter power from the base station to attempt to redub.e.this 

int6rf-9:cence to acceptable levels. 11';0 consecutive reductions were 

made and testingv-J!:3.s done fo11 owing each reduction. After the first 

it was found that the throughput in almost the whole area still 

remained above 97 percent but some localized areas showed a drop off 

to the 50 percent range. These areas were at the extremities of the 

test area where shadowing due to hills prevented a direct line-of­

sight transmission between the base station and the vehic.le. 

The second reduction reduced the effective radiated power of 

the transmitter to less than 5 watts. Preliminary tests indicated 

that the system might. still mest the communications throughput 

specification and showed that ::he SO pe;rcent iequirement for overall 

rou~d trip communications could not be met in many areas. However, 

the overall system in this case was not able to operate effectively 

At points such as the exit from· the yards the RAH was very difficult 

to load from the base station, and when the vehicles were in shadowed 
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areas, they were unable to get an acknowledgement from the base sta­

tion for an alarm or an alert condition. In addition, false commun .... 

ication countermeasures events were declared, thus further loading 

the system with invalid alarms. 

Even at this greatly reduced power it was found that unacceptable 

interference with San Diego Rapid Transit District still existed due 

to the relatively high powered mobiles operating in the test area 

closest to San Diego. For this reason, the program was to be ~nded 

prior to 12 month of formal field testing. 

In addition to the communication testing a physical examination 

was made of randomly selected vehicles in the trucking yard. The 

Aerospace Corporation, with personnel from Gould, inspected each of 

these trucks and insured that all items of equipment were on the 

vehicle and properly installed. No discrepancies were found in this 

system installation inventory. 

At the conclusion of this exarrination, the special accuracy tests 

described earlier were run. The last dry runs of integration test­

ing before acceptance testing 'Nere under way when norification came 

of the unacceptable communications interference. 

E. Installation, Maintenance, and Vandalism 

During the course of the field test program, numerous operationul 

conditions were evaluated incli~ding the effects and impact of system 

installation in trucking company vehicles, maintenace of the installed 

equipment in the vehicles throughout the city, and the relatively 

hostile environment of the trucking operation relative to the instal­

lation and use of sophisticated electronic sensors. 

l. Vehicle Equipment Installation. Vehicle equipment instal­

lations and operating procedun~s were discussed and agreed upon by 

TransCon and GI operational and maintenance personnel prior to the 

3-31 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

installation of the Cargo Security AVM vehicle equipment. These 

discussions and agreements included all sensors and equipment needed 

to equip a truck with the Cargo Security AVM vehicle equipment. 

Installation was not normally performed during week days but was 

primarily done during the night and weekends to ensure operation 

on a strictly noninterference basis with GI and TransCon Truck 

Lines. 

The equipment installed in the vehicles includes: two antennas, 

sensors, master control box, cables, power lead, radio, signpost 

vehicle unit, and AM Phase vehicle unit. See Figure 3-10. The 

radio AM Phase unit, and signpost vehicle unit were not installed 

at the initial installation. They were designed with quick discon­

nects and were installed at different intervals of the program. 

The initial vehicle equipment installation included the UHF 

radio antenna, AM Phase and 27 MHz antenna, all sensor, vehicle con­

trol box, and tapping l2V off of the truck's battery. This instal­

lation was done on permanent-type basis. This required drilling a 

number of holes in the trucks for antennas, cables, mounting of 

the control box, most sensors, and a large, approximately 2" x 3/4" 

elongated hole for the main harness to enter the cab and master con­

trol box. See Figure 3-11. 

The majority of the electronic equipment was installed in the 

vehicle control box bolted to the cab floor on the unused side of 

the trucks or on the right side of cab, where the passenger seat 

would normally be located. 

All sensor cables and wires were either run under the cab 

floor, under the cargo floor or with existing truck cables when 

permissible. 
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In most applications the cables and wires were run along the inside 

of the U-channel of the fram with existing wires and cables. This 

provided protection and makes it difficult to distinguish between 

CSS cables and existing truck cables. 

All wires and cables were hidden from the view of the driver 

with the exception of the AM Phase and 27 MHz antenna cable. This 

cable was visible to the driver in some cases due to the location 

limitations of the RF antenna. 

The Cargo Security sensors, cables, antennas, vehicle control 

box, and power lead were installed in 20 TransCon and 20 GI trucks 

during approximately 6 weeks. This installation included a complete 

and thorough check of sensors by an electronic sensor installation 

tester designated and built by Gould I3. It was only after numerous 

sensor activations and correct response indicated on the tester that 

this phase of the vehicle installation was determined to be complete. 

The second phase of the v,!hicle installation included installation 

of the electronics equipment located in the master contr0l unit. 

Inside the master control unit was the AM Phase vehicle unit, sign­

post vehicle unit, MOCOM 70 radio, and interface terminal boards. 

The M~ Phase vehicle unit and the signpost vehicle unit were mounted 

on a shelf with quick disconnects to support the system maintenance 

concept. The MOCOM 70 radio w~s mounted on the floor of the master 

control unit and l0.ckE~d into position but could be easily locked 

into position and slid out for service. 

During the final installation and chekcout "''lith the electronics units, 

each truck sensor was again checked using the radio link to provide 

and end system check. The equ:,.pment was installed and checked out 

be a specially designed and manufactured system tester. A thorough 
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communication check was made between the vehicle and base station 

at the DeB Building. The communication check included such items 

as correct sensor status and correct vehicle modes. After this 

procedure was complete, the master control uni t ~vas closed and 

locked. The identified vehicle then became part of the system 

operation. 

2. Signpost Installation. The signpost installation covered 

a large portion of the Los Angeles area. There were 256 signpost 

transmitters installed and located within 43 different municipal ties 

at major intersections. The signpost transmitters were operational 

for a period of approximately 15 month. Each signpost wa.s mounted 

on a designeated utility pole. Each pole required written permission 

from the city in which the pole was located prior to installation. 

The transmitters were mounted on a bracket banded to the utility 

pole with stainless steel adjnstable bands. These transmitters 

were mounted approximately 20 to 24' above the ground with the aid 

of a cherry picker owned and (,perated by Gould 13 See Figure 3-12. 

Each transmitter was checked 11y a signpost tester during installation 

for correct code and signal s1:rength. The signposts were periodically 

checked for failure and possible vandalism. 

3. Vehicle Equipment Maintenance: During the final stages 

of the vehicle equipment installation period following the installa-

tion of a majority of the electronics equipment, several design 

changes were implemented. These changes required modifications to 

be made to the vehicle equipment printed circuit boards. The changes 

required addi~ional re~vork time an maintenance to the vehicle equip­

ment. After modification, three levels of testing were performed 

on each of the elements of the vehicle equipment. 
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FIG. 3-12 SIGNPOST MOUNTED ON A LIGHTING STANDARD 
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-----------------------------------. 

The first level performed at the Gould 13 facilities was at 

the module level. It was at this level that the module was thoroughly 

checked for performance and if a failure occurred it was isolated 

and corrected. After each module or unit passed this testing it 

was inspected and made available for the second level of testing. 

The second level of testing, al~o done at Gould 13 facilities 

was the radio-to-radio closed-loop test. The system level tester 

was used during this test. It 'was only after the unit passed both 

the performance test and a visual inspection was the unit signed off 

and made available for vehiclei..nstallation. 

The third level of testing was accomplished after the vehicle 

equipment was installed in the designated vehicle. This being the 

most comprehensive test was broke~n into 5 different areas. 

(1) Visual inspection of antennas, sensors, master control 

unit and cables on the truck 

(2) Power check with voltmeter 

(3) VSWR check on UHF coax/antenna :Lnstallation 

(4) Operational check out of all sensors 

(5) System checkout with system tester. This test includes 

and exercises the fc.llowing: 

A. Radio loop 

B. Operational check of sensor 

C. Signpost data jnput 

D. AM Phase data input 

E. Countermeasure data 

F. Base station communication link 

G. Exercise all operating modes fo the signpost unit and 

AM Phase unit. 
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Once the vehicle equipment passed all three levels of testing 

and performed satisfactorily, it was put back into operation. 

4. Dispatch Station Maintenance, The only dispatch station 

failures were in the ISC t~rminal. Out of the thr.ee terminals used, 

all failed at least once during the prograIP and a total of six 

failures were recorded. One terminal failed three times. Burn-in 

of the terminals at an elevated temperature prior to the start of the 

program would have helped eliminate these infant mortality failures 

(which were all integrated circuit failures). If the terminal is:) 

used on a future program such as burn-in should be implemented. 

5. Sensor Maintenance, Most of the sensors were installed 

and maintained for a period of approximately 14 months. The sensors 

in general, operated very well during the program and proved adapt­

able to the rugged trucking environment. In future applications, it 

is recommended that a re-evaluation of the sensors be conducted to 

determine if new and improved sensors that could possible improve 

the system reliability and incorporate additional processing ot re­

duce the effect of sensor toggling during normal system operations. 

The sensors were checked periodically for maintenance and evidence 

of vandalism. Each sensor is listed along with information obtained 

during this phase of the program. 

'.' .' 

a. Door Sensor - The magnetic switches used on the cab doors 

proved to be reliable. The biggest drawback regarding the 

magnetic switch was its lack of ability to adapt to the 

b, 

irregularities of the doors and their ability to match 

up and close properly. 

Driver Alarm - The foot operated switch proved to be 

reliable. This switch was located in sUlCh manner it 
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c. 

d. 

. e. 

f. 

g. 

required little or no maintenance. 

Igni t~ion Sensor - Little or no maj or problem resulted 

from this sensing devince, it proved to be very reliable. 

Cargo Door Sensor - The magnetic switch used in this 

area was reliable and functioned properly. The only 

problem with this sensor was the rugged abuse and vandal-

ism thc(t occur in the cargo area. 

Seat Sensor - The pressure switch selected for this ap-. ~ .. 
plication did not meet the necessary reliability require­

ments. The primary reasons this sensor was described as 

unreliable was the inconsistency of the pressure applied 

to operate proper]y due to weak springs, installation 

restrictions, broken seats, and in a number of cases, 

driver vandalism. For further application, we recommerid 

a more research irl selecting a sensor to detect seat 

occupancy 

Motion Sensor - 1his sensor was reliable with inherent 

limitations. The primary limitation is the truck had 

to be movi.ng over 3 mph for the sensor to indicate 

movement. Due to tire wear and flats, the wheel with the 

sensing magnets could be replaced at unscheduled intervals 

thus introducing cSdditiona]. maintenance. 

Volume Sensor - The ultrasonic sensor was not evaluated 

completely for a number of reasons. The sensor was not 

physically installed in all trucks because of truck 

conditions, quantity of freight, and actual system opera­

tion because of the high dollar value and susceptibility 

3-40 



I 
I 
I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

to vandalism. Insufficient information is available to 

rate this sensor for acceptability during actual opera- rl 

tions. 

h. Countermeasures-

Tamper Switch - The pressure switch encountered little or 

no problem, it proved to be very reliable. 

Countermeasure Circuitry - The counterrrleasures circuitry 

associated with the sensors proved to be quite a problem 

primarily due to the inability to protect this circuitry 

in the rugged environment. Better selection of components 

and additional design requirements rec~mmended in future 

applications. 

6. Signpost Maintenance. A number of minor problems were 

encountered with the signpost and signpost installation. The follow­

ing list identifies some of treprob1ems that occurred. 

a. Southern Ca1ifornja Edison refused to allow use of their 

poles. 

b. Several cities were slow providing permission to use their 

poles. 

c. A number of poles with signpost transmitters were knocked 

down by vehicle accidents. 

d. The lithium cells '.lsed to power the singpost transmitters 

vented and in some cases caused power failure and corrosion 

to develop on the enclosed printed circuit board. 

e. Traffic at major intersections impeded installation. 

f. The number of power lines at maj or intersections influenced 

RF field propagati)n. 
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The signposts were checked periodically to determine if the 

signpost transmitters were functioning properly and ~or possible 

vandalism. Checks were made to replace any missing signposts due 

to poles being replaced by the local authorities following vehicle 

accidents involving the designated poles. 

The signposts were checked periodically with the signpost 

tester. If for any reason the signpost was determined to be not 

functioning properly, the signpost was replaced. A number of 

spares were maintained for this purpose. Once the transmitter was 

changed, the new code was logged in and changes to the data base 

implemented. The software system included special routines to allow 

signpost changes to be made easily to update the system with the new 

code. 

A number of spares were kept ot replace any signpost removed 

due to vandalism or pole replacement. Pole replacement occurred 

quite frequently where a car or truck would knock down or damage th 

pole. Local city employees would replace the signpost and frequently 

notify Gould I3 or The Aerospace Corporation to not the change. 

A major problem regarding the signpost transmitters was that 

the early production models of the lithium batteries used to power 

the signpost transmitter exhibited a higher failure rate than orig­

inally expected. A number of early failures of these batteries oc­

curred due to venting of the .:ells. This is not only shortened the 

life of the battery, but thes.llfur dioxide gas that vented into the 

transmitter housing created c)rrosion that shortened the life of 

a number of components on the printed circuit board. The battery 

company ( Mallory) has made a number of improvements to overcome 

these problems. These improv:ments included the careful selection 

3-42 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

of electrolytes, the development of a hermetic seal to prevent 

leakage of the sulfur dioxide gas, and the incorporation of a 

safety vent to release the gas prior to occurrence of explosive 

conditions, ih the event of direct short circuit. 

7. Vandalism. In this report we will define the word 

vandalism tedescribe amy intentional damage to any part of the 

Cargo Security System. In some cases, it is difficult to disting­

uish between vandalism and failures that might have been attributed 

to other factors. In this paragraph, only the items that were con­

sidered apparent cases of vandalism are presented. These items 

include several incidents of: 

a. Removing the combined k~ Phase and 27 MHz antenna from 

cab roof of TransCon trucks. 

b. Diking off wires to seat sensor 

c Diking off power leads to battery, some cases just dis-

connected 

d. Wires diked off cf motion sensor 

e Antenna disconnected inside cab 

f. Splitter disconnpcted inside cab. 

There were on a few signpost transmitters where possible 

vandalism occurred. One ca~e was at the intersection of Valley 

Blvd. and Eastern. The only portion of the signpost remaining was 

the bracket. The bracket he;d marks that could have been made by 

pellets of some kind. Thus giving an indication of possible being 

shot with a gun of some type. Several similar cases of broken 

brackets and missing signpost transmitter could have been cases of 

vandalism but there was inst'fficient corroborating evidence. 
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CHAPTER IV AREAS FOR IMPROVEHENT 

In this chapter a review of the results presented in chapter 

three is provided along with recommendations for improvements for 

future applications of this system. This chapter is divided into two 

sections: (1) ~~ Phase-lock recommendations and (2) Other Recommenda­

tions. It was felt that the most important subsystem in the Cargo 

Security Field Test Program was the AM Phase-lock system since it has 

so much potential as a low-cost wide-area automatic vehicle location 

system. A lengthy discussion 1s presented of some proposed improve­

ments to the AM Phase-lock system. An example of the expected system 

operation with these improvements is also provided. Section B 

presents other Cargo Security System recommendations dealing with 

vehicle equipment, communications equipment, base station equipment, 

and dispatch station equipment. 

A final consolidation of system results, areas of improvement 

and recommendations is presentE~d in Chapter 5. 

A. Location Subsystem Recommendations 

This section presents the recommendations for improvement of the 

AM Phase-lock location subsystem. To support these recommendations, 

a discussion of the environmental problems encountered by the A}1 Phase­

lock system in operation in urhan and suburban environment is presented 

first. This is followed by a discussion of suggested hardware changes 

and additives necessary to eliminate these environmental, induced 

problems. This is followed by an example presentation of how the 

resulting location system would work in pra.ctice were it to be imple­

mented. 
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1. Environmental Findir.~. Environmentally induced problems 

encountered by the .AM Phase-lock location system discussed E\arlier 

in this report are of a general nature and have similar effe'cts on 

all RF location systems to some degree or other. These problems are: 

a. Low Signal and/or High Noise - When the direct signal 

path is blocked by large structures, buildings, and dense 

overhead wires, the direct signal is attenuated, but the 

ambient noise is not. This results in a low signal-to-noise 

ratio (S/N) which cen cause erratic readings (j itter) or 

the &'1 Phase-lock rEceiver to "freeze" during which time 

it loses any accumulated phase counts. 

The relatively narrcw bandwidth of the receiver admits a 

narrow bamdwidth of noise as well as the signal. Noise is 

made up of receiver noise and normal ambient noise. In 

addition to the norn1al high level of urban noise, vehic.le 

ignition noise cont~ins harmonics in this £requency band 

of the receiver. This noise can result in lowering the 

signal-to-noise ratjo and contributes to the receiver 

"freeze" condition. 

b. Coherent Interference - High voltage transmission lines 

have harmonics whicl:' can overwhelm the AN Phase-lock re­

ceiver in the vicinjty of 'such lines. Low Voltage lines 

also can cause harmcnic interference since these lines 

can be quite close to the vehicle antenna. Underground 

utilities, railroad tracks, etc., can also cause the f~ame 

problem and thus render the signals temporarily unusable. 

c. Multipath - Large structures, underpasses, or wires can 

re-radiate the signc.l and if the direct signal is blocked 
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d. 

1 
by some structure, the r~e-radiated signal is then stronger 

\ 

than the primary signal. In these cases, the vehicle will 

a':!tually track tr.\e re-rad~l_ation signal and produce an atten-

dant position ,error caused by an i.ncrease in pulse transit 

time (or phase shift) from the transmitter (cycle slip). 

In a differential navigatior~ system with periodic resets! 

the induced cycle slip (location error) remains in the 

system until reset. An absolute navigation system does not 

have these problems. Even if the re-radiated signal is not 

the strongest signal, it still contaminates the direct 

signal and distorts the phase grid to produce temporary 

warps. 

Overhead wires and transmission lines can also carry signals 

many miles from the pickup point with less loss and 

differing time delays than free-space or ground propagation 

along the same path. This can appear as multipath dis tor-

tion at various points alongside the wire if the direct 

signal is attenuated ("standing wavd' cycle slips) or the 

vehicle antenna is very close to the wires (near field 

effect). 

Grid Distortion - Ground anomalies such as large underground 

concrete structures, rock stratum discontinuities, changes 

in ground conductivity, etc., can cause the detected grid 

lines to be distorted from theoretical. WatE~r / earth 

discontinuities such as ocean beaches can also affect the 

grid when those discontinuities are between the transmitter 

and the receiver. 
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The environmentally generated conditions have varying effects 

on the A~ Phase-lock system, some of which have been compensated for 

in the present design. There are five major effects of these pro­

blems on the AM Phase-lock receiver. These are: 

a. Cycle Slip - A region of poor signal-to-noise, heavy multi­

path, or a region of heavy coherent interference can cause 

the receivers to slip phase counts (or start tracking a 

reflected signal rather than the direct signal) thus losing 

or gaining cycles (or causing temporary warps). 

b. Jitter - POOl::' signal-to-noise or rapid variation in the 

direct path propagation characteristics of the signal can 

cause the received phase information to appear to vary 

causing a jitter in the calculated position. The jitter 

appears to some degree at all times, but norma.lly causes a 

relat.ively smnll position error ( ........ 50 I) unless the receiver 

is in a very poor signal-to-noise environment. 

c. Loss of Lock or "Freeze" - When the received signal-to­

noise becomes poor or one of the other conditions discussed 

previous ly is I:xhibi ted, the receiver can completely lose 

lock. It will then freeze and re-enter the search mode to 

find and acquire a valid phase signal. Thus, depending on 

the ambient signal-to-noise as well as the receiver lock-on 

characteristics:, no location information may be availabl,: 

for short periods of time. 

d. Bias Offset - T~ese effects (diurnal variations, weather 

fronts, etc.) i111 general can cause a consUmt offset of the 

calculated position from the theoretical position over the 

region of interElst. The resulting constant offset assumption 
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holds in general for regions up to 100 miles in diameter. 

e. Multipath Offset - Offsets in position appear when a 

strong reflected signal combines with or overwhelms the 

di!:ect signal. 

2. Enhancements to Overcome Environmental Problems. The 

environment causing the problem mentioned above can be classified 

into three categories. A discussion of each of these categories and 

the enhancements proposed to overcome the problems follow: 

a. Hostile Environment - These are the areas such as downtown 

high rise "canyons", underpasses~ or high voltage lines 

where it was found that AM Phase alone will not work to 

any reliable degree. Gould r3 recommends overlapping 

signposts to provide coverage in these areas where the 

areas are large such as downtown. 

At a specified range from a signpost (approximately ISO') 

a vehicle which has been operating in the AM Phase mode 

will automatically switch to the signpost mode as the 

signpost signal :is received. This range is automatically 

found from thresrwld level measurements in the signpost 

receiver. The unit will look for an adjacent signpost 

unless the vehicle moves out of the regi..on of any sign­

posts. This is defined by a second threshold level 

(approximately 300') from the signpost (with no other 

signpost being rec~=ived) at which time it starts navigat­

ing in the AM Phase or dead reckoning mode (explained later) 

again. This "boundary" algorithm will allow for location 

performance in the transition region from all AM Phase to 

all-signpost operation. When an adjacent signpost is 
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1. 

detected, the navigation proceeds using the signpost receiver 

and the signpost n.avigation algorithm built into an on-board 

microprocessor. 

b. Marginal Environmerlt - These are the relatively small 

geographical areas (usually less than 1000' radius) in 

suburban areas where (1) the AM Phase SIN ratio is poor 

enough so that there is danger of losing lock or extreme 

jitter or (2) mUltipath effects would cause farge errors 

(exceeding 600') or (3) the receiver is in danger of 

slipping cycles. The recommended unit will automatically 

shift to a temporary "dead reckoning" mode until the signal 

quality is again usable. This dead reckoning mode, utilizing 

differential odometer@., is practical becauslE! of four basic 

considerations: 

o The AM Phase thGoretical grid of phase differences (¢x 

and ¢y) vs. distance is linear over small regions 

(approximatelyL mile in radius) when the vehicle moves 

in a straight line. 

o City streets ard normally straight line segments between 

turns. 

o Differential odometer data processing provides turn 

indication as well as distance. Differential odometers, 

with microprocessor calibration give quite accurate 

results l . 

o Dead reckoning using differential odometers is very 

accurate over short distances (less than 1 mile), 

"A Dead Reckoning/Map Correlation System for Automatic Vehicle 

Tracking," Lezniak, et aI, IEEE Transactions on Vehicular Tech-

no1ogy, Feb. 1977. 
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A typical situation is illustrated in Figure 4-1. This is 

a plot of the theoretical variation in Phase differences 

vs. distance in a typical marginal environment as the 

vehicle moves in a straight line (shown dashed) overlaid with 

the received phase data vs. distance including the effect 

of jitter or random warps which pertubates the actual re­

ceived phase data (shown jagged) about the theoretical 

line. 

When the odometer indicates no turn is occurring and the 

SIN detector (least squares resident) indicates an accep-

table quality of signal, the vehicle unit on-board processor 

calculates a "least dquares" fit for the slope, 60/ 6 d, of the 

TD vs: distance (shown by the dotted line). Upon detecting 

a poor SIN condition. illustrated at Po:Lnt A, the vehicle 

unit microprocessor extrapolates 6 0 I s phase lane counts 

(also shown by the dotted line) by multiplying the odometer 

6 d by the calculatp.d slope 6 0/ 6 d so that an accurate 

phase signal can be presented to the base station. When an 

adequate signal is again present and the receiver/processor 

has started to track the signals illustrated at Point B, 

the vehicle unit again starts conventional AM Phase 

processing. 

If a turn occurs during normal processing, the microprocessor 

starts calculating a new slope. If a turn occurs during 

"dead reckoning" the vehicle unit microprocessor uses its 

extrapolated distance .at the turn, the delta angle of the 
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turn and the 6. 0/ b. d prior to the turn, to compute a new 

b.0/ ~d for further extrapolation of phase lane counts. 

c. Benign Environment - mlen the SIN detector is above the 

acceptable level, the vehicle unit operates as a conventional 

AM Phase receiver (except for the enhancement of continuously 

computing b. 0/6.d slopes via the "least squares" method and 

extrapolation of 0's via these calculated slopes and the 

distance traveled). 

A constant grid bias offset is obtained from a prior cali­

bration of the grid using a test vehicle or the use of a 

monitor station. This offset is known at the base station 

so that corrections can be made for it. 

d. Enhancements for Remaining Problems - The use of a signal 

quality calculation will allow excessive jitter conditions 

to be detected and eliminated by transferring temporarily 

to the "dead reckoning" mode. The use of the continuously 

extrapolated 0's will allow any measurement to be tested 

for "reasonableness." Thus, cycle s lips will be instantly 

detected and corrected for by the microprocessor. 

3. Location Subsystem Hardware. The two independent odometers 

mounted on the front wheels will provide distance traveled to the 

on-board microprocessor. Inside the microprocessor, the data from 

the two odometers are converted to "differential" data for turn measur­

ing since a turn can be calculated quite accurately by the micro­

processor. We recommend an algorithm which measures the difference 

in distance (after the raw inputs are smoothed) traveled by the two 

odometers and converts this difference into a turn indication. During 
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periDds Df gDDd signals the "least squares" prDcessing algDrithm 

will yield an accurate measure Df the distance traveled alDng straight 

line segments. This accurate measure will be cDmpared with the ~ea-
I 

sure derived frDm the DdDmeters and used to' calibrate the DdDmeter 

against the effects Df varying tire radius, velDcity, a.ir pressure, 

'd 2 Duts~ e temperature, etc. 

These DdDmeters, in cDnjunctiDn with the micrDprDcE~ssDr, allDw 

the dead reckDning mDde to' be easily and inexpensively i.mplemented. 

The micrDprDcessDr will alsO' dO' the decDding, errDr checking, 

etc. which wDuld nDrmally be a part Df the lDgic Df a GDuld 13 Dver­

lapping signpDst-Dnly lDcatiDn system. 

After the lDcatiDn signals have been prDperly received and 

fDrmatted by the vehicle micrDprDcessDr, they will be sent to' the base 

statiDn cDmputer. There they will be cDnverted by 'the exislting algD­

rithm to' X,Y cDDrdinates suitable fDr street matching. This X,Y 

algDrithm is fully develDped, and was used by GDuld 13 very succe$S­

fully Dn this prDgram. 

A cDmplete file Df the names and cDDrdinates Df all streets ~nd 

highways in an area will be stDred in the base statiDn cDmputer. All 

Df the digitizing algDrithms, sDftware, and hardware have been deyelDped 

and prDven, and allDw all streets and highways to' be digitized fDr , 

stDrage accurately and inexpensively. 

The map matching algDrithm in the base cDmputer will take the , 

cDmputed X,Y and lDcate the nearest street SO' that the street lDc~tiDn 

2. Evaluating a PDlice-Implemented AVM System: The St. LDUis 

Experience (Phase I) LarsDn, et aI, IEEE TransactiDns on 

Vehicular TechnDlDgy, Feb. 1977. 
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of the vehicle can be determined. This matching algorithm has also 

been developed and used successfully on this program. By interrogat­

ing the vehicle for the distance traveled since its last turn, a further 

map matching can be incorporated to improve the overall system 

accuracy. 

4. Projected Accuracy. The AM Phase-lock location system with 

the enhancements discussed earlier would be an ideal candidate to 

meet an accuracy requirement of 600', 95% of the time. The dominant 

error sources are: 

1. Jitter (low SIN) 

2. MUltipath (temporary warps) 

3. Coherent interface 

4. Cycle slips (permanent mUltipath) 

Through use of signposts, odometers, turn indicators, and a least 

square fit algorithm these errors will be minimized. 

When in the downtown high rise areas, the system navigates using 

"signposts." Signposts are the technology used by Gould r3 in Phila­

delphia in winning the Multi-User Automatic Vehicle Monitoring (AVM) 

runoff and were proven to meet 300' 95% of the time. Thus, one is 

assured of meeting 300' in downtown high rise areas where the signal 

is unusable for AM Phase-lock processing. 

In an~as of severe multipath or bad signal-to-noise, the 

receiver is enhanced by "local" dead reckoning. Dead reckoning 

is known to be extremely accurate over short runs. Since the areas 

of poor signal outside the high rise area are very localized, the 

local dead reckoning enhancement is ideal for maintaining system 

accuracy within the requirements. 
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In order to better envision the use of the system in an 

operational deployment, an example will be discussed showing how the 

enhancements are utilized to insure that the accuracy wi.11 be met, 

This example is first illustrated in Figure 4-2. 

A theoretical grid of constant Phase X and Phase Y is illustrated 

by the diagonal lines. The path followed by the vehicle in the 

example starts at the start, S, makes a right turn at A and crosses 

through the downtown area to B. The signposts deployed downtown are 

shown by small circles (signposts are deployed throughout the downtown 

high rise area, but only those on the route example are illustrated). 

At point B, the vehicle turns left and soon enters a region of severe 

mu1tipath caused by reflection of the signal from an adjacent structure. 

After traversing this region, the vehicle encounters a region where 

the signal-to-noise is so poor that extreme jitter occurs. While still 

in this region the vehicle makes a 45 0 turn to the left at G. After 

passing through this area, the vehicle passes beneath a high voltage 

power line before arriving at the end E. 

An analysis of each of these legs will now be shown along with 

an illustration of the operation of the enhancements. The theoretical 

Phase X and Phase Y encountered on the leg will be shown (by a solid 

line) along with the hypothesized signal available from a conventioQal 

eceiver (shown as a solid jagged line). The computed track of the 

vehicle by the on-board microprocessor using the enhancements will 

also be shown (as dotted lines). 

The first leg from the start, S, to the turn at A is shown in 

Figure 4-3. Both phase lane counts are theoretically decreasing as 

we move toward point A, and the actual phase lane counts are also 
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decreasing with only a relatively small amount of jitter. The error 

equivalent of this jitter in clean areas such as this almost never 

exceeds 50' when an adequate signal is available (as we are assuming). 

However, the on-board processor is doing a continuous, linear least 

squares fit of the received data to further reduce this error. This 

output is shown as the dotted lines. The residual jitter is expected 

to be reduced to less than 10' maximum. This output is further used 

to do continuous calibrations of local dead reckoning sensors. 

Upon turning right at A, the vehicle almost immediately encounters 

the signposts covering downtown and continues with signposts to point 

B. This leg is shown in Figure 4-4. As can be seen, the signal be­

comes quite erratic compared with the theoretical as the vehicle enters 

the downtown high rise area. However, at this point the vehicle 

~'tarts encountering signposts. The dotted lines show the equivalent 

0's computed from the microprocessor as it navigates using signposts 

only. Since the signposts can be installed so that no more than 300' 

is traversed before a new signpost region is encountered, a 300 3 

95th percentile accuracy would be assured. 

The local dead reckoning system is used only in an auxiliary mode 

when navigating via signposts. As may be seen, the accuracy is ex­

cellent even though the AM signal is totally erratic. 

At point B, the vehicle tU'£ns left exiting the high rise area 

and the signposts. This next leg is shown in Figure 4-5. As may be 

seen, after traveling a short distance, the least squares calculations 

(dots) become much more accurate than the jitter in the raw received 

data. ~fuen the vehicle starts entering the mUltipath area, the AM 

Phase raw data indicates that the vehicle has made a turn. However, 

the turn indication fro~ the local dead reckoning sensor disproves 
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this, thus indicating th1= reeeived data is contaminzted with multipath. 

The calculated slopes of 0'8 versus distance obtained previously are 

now used instead of the received data and extrapolated forward using 
I 

odometer inputs. The slight !Ierror in slope induced by residual jitter 
i 

just prior to entering the ffiu:ltipath region as well as the slight 
I 

error in the odometer data in: measuring true distance traveled causes 
I 

the extrapolation to differ s:lightly from the true theoretical, but 

the induced error is still wi!thin' a specification. 
! 

As the vehicle exits thei mUltipath region, the AM data starts 
! 

to agree with the extrapolated data and the calculated AM data slopes 

come in agreement with the previously calculated slopes. At this 

point, sys·tem control reverts. to basic AM computations augmented by 

the least squares calculations. This condition applies until the 

vehicle enters the region of poor signal-to-noise. This is indicated 

by the residuals (calculated jitter) in the AM data after subtracting 

out the least swquares linear fit. At this point, the vehicle again 

reverts to extrapolating the 0's using the calculated slopes and the 

odometer distance data. 

At point C, the vehicle turns to the left by 4S o while it is still 

within the poor SIN area. This leg is shown in Figure 4-6 and as may 

be seen, the SIN is still poor. The vehicle unit microprocessor takes 

the turn indicator information} (4So) and calculates new TD's versus 

distance slopes using the turn data wHich are used for further 

extrapolation of the odometer. There is a s,light additional error 

introduced at this point due to the error in the indicated turn (±lo), 

but the error is still within specification. 
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After the poor SIN indication goes away, the unit again reverts 

to the basic AH, data with the least squares fit'as was done previously. 

This continues o:h leg C-E as shown by the dotted line.s until the high 

voltage power lines are encountered. 

At this point, one of the 0's (0x) exhibits a multipath anomaly 

which is handled in exactly the same manner as the previously described 

multipath example. However, the second 0 (0y) encounters a severe 

problem in that the induced multipath is so severe the tracking mechanism 

of the receiver becomes confused and instead of tracking the direct 

signal, it starts tracking the reflected signal. This induces a 

la:l:'ge and increasing offset in the data, and this. gross inaccuracy 

will persist forever unless it is corrected. 

The vehicle unit microprocessor algorithm corrects this situation, 

however, since it is continuously monitoring for cycle slips. After 

the vehicle leaves the region of the high voltage line, the least 

squares is implemented on the cycle slipped data, and the distance 

(indicated by the dashed line) between the previous extrapolation and 

the current least squares is compared for equality. When this condi­

tion is not found (as indicated) the unit corrects the received data 

by the calculated amount (shown by dots inside circles) and proceeds. 

This severe but representative example shows the real world 

conditions that AM receivers encounter. The recommended enhancements 

correct for these anomalies and would allow accurate AM navigation 

(600') everywhere. 

5. Absolute Solutions for the AH Phase Subsystem. The current 

implementation of AM Phase is as a differential navigation system. 

No time marks are transmitted from the station to allow time of tran­

sit calculations to obtain the distance from the station to the 
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vehicle. The receiver continuously monitors phase and as phase goes 

through C:l. cycle, distance of the cycle is calculated. That distan'ce 

is added on to the previous sum of cycle distances encountered by the 

vehicle. If for any reason the vehicle should not properly calculate 

a cycle, this sum or integral retains the error forever. 

It would be highly desirable to be able to obtain absolute posi­

tion locations via AH Phase. It might be possible to put a small 

amount of modulation on the carrier and this could be the technique 

which would allow absolute solutions to be obtained. 

For example, the FCC allows 20 cycle variations of the carrier. 

Were the carrier to be frequency modulated deliverately by a sine 

wave signal of 20 samples per second, the M1 Phase receiver could be 

designed to track this modulation signal (which mounts to a sub­

carrier on the carrier). 20 cycle per second signals give a wave 

length many miles long, more (.han sufficient to cover the region of 

interest for one cycle of thir phase. Thus, solutions could be ob­

tained within the region of il'.terest by tracking the carrier modula­

tion. It is recommended that this approach be pursued. 

B. Other Recommendations 

Evaluation of the operatjon of other elements of the system has 

also been conducted with a vifw toward improving performance. In 

the following subsystems, improvements in the operation of each sub­

system are identified. 

1. Vehicle Equipment. Tru.cking company vehicles, in general, 

do not have properly noise-suppressed ignition systems. As a result, 

ignition noise ig generated (in some cases in quite significant 

amounts). The harmonics are particularly bad in the band associated 
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with the signpost receiver and can cause so much signal-to-noise 

interference that sig1eost signals are actually missed. 

Since the system, tn effect, has a signpost interlock entering 

and leaving the yard, these specially coded signposts must be detected 

for the base station to know if the truck is in the yard or out. The 

system cannot function properly because of electrical noise interfer­

ing with the signpost receiver at those locations and the overall 

system thinks the truck has not actually entered or left the yard. 

The recommendation for improvement of this situation in any 

future system is to install ignition suppression on all vehicles 

that are to be used on the test. 

As mentioned, when a truck enters the yard it enters the remote 

alarm mode. However, every trucking company is unique as to its 

radio coverage. As a result, if a truck is parked inside a shed, 

then no communication is possible with the base station and it is 

possible for various undesirable things to happen including running 

the batteries down. For this reason, i.e., that no common solution 

is available to insure communication with trucks in the yard, it is 

further recommended that remote alarm not be implemented in a future 

system. This would insure that undesirable things such as running 

down the batteries could not occur. The experience with both Transcon 

and GI led us to believe that the remote alarm function would be of 

highly marginal use in any case, It is further recommended (if 

remote alarm is removed) that the dispatch station be transferred 

to security. 
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In spite of intense eff01:ts to protect the system as much as 

. possible against accidental or deliberate damage it was found in the 

various maintenance puLLed, that vandalism had been done to the in­

stallations, probably by the drivers. There is no possible way that 

an absolute guarantee can be made that any system cannot be vandal­

ized. If nothing else they could take a sledge ha~mer to the vehicle 

box. Our only goal in the whole program was to insure that if vandal­

ism did occur we could ascertain \.;rhether it was deliberate or acci­

dental. This we were successful at doing. 

However, the deliberate vandalism caused a number of the vehicles 

to be inoperative until they were repaired. It is recommended in any 

future program that an intensive training effort be done at the start 

of the program to attempt to reduce these incidents of vandalism. 

It was found also that v~rious truck batteries were quite weak. 

It is trucking company policy to run a battery until it will not hold 

a charge for starting again. In some cases this means that batteries 

are old and very weak. For example, \qe found on one truck that one 

25 watt transmission from the mobile radio would pull enough charge 

off the battery to drop the steady state voltage from 12 volts to 

8 volts. It is recommended that on a future program that new batter­

ies be installed in all trucks that are to be used. 

2. Communications Equipment. Although the program was stopped 

because of co-channel interference, the common communications link 

concept worked extremely well. The drivers and dispatchers were 

not aware of any transmissions going to and from the base station. 

The common communications link is therefore recommended as the communi­

cations approach to be used on any future program. However, it must 

be accompanied by a peD$anent user license to insure that there will 

be no co-channel interference. Therefore, well in advance of any 
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program, provisions must be made to obtain such a permanent 

license. 

3. ~ase Station/Dispatch Station. It was found in the course 

of the program that the arithmetic computations involved in deter­

mining position were extensive enough to require the speed of a higher 

speed computer and an 11/34 was temporarily added to the system. It 

is recommended in a future program that nothing less than an 11/34 be 

used. 

From a convenience standpoint it was found that, due to freeway 

traffic, it was impractical to get rapid access to the base station 

if it crashed or needed any modifications. Therefore, in any future 

operational use of the system it is recommended that a remote access 

terminal, over leased lines, be attached to the base station so that 

normal base station operation commands can be done from this terminal 

at a convenient site. The base station site on this program was chosen 

for coverage reasons and not for convenience access reasons. 

It is further recommended that any software that is used on a 

future program hve automated crash recovery procedures built in so 

that it won't be necessary to go to the base station to restart the 

system. 

The dispatch concept was to use an intelligent terminal at the 

dispatch station which would, in turn, route data from one single 

modem port to the printer and to the remote alarm and also collect 

data from the remote alarm CRT keybaord and the dispatcher keyboard 

for transmission over that same port back to the base station. Using 

only one port minimizes leased line costs and using an intelligent 

terminal allows this to be done. In addition, a low speed modem was 

used, thus minimizing all communications costs. 
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However, it was found that the intelligent terminal chosen 

(although it had many desirable characteristics such as extremely 

bright, flicker-free, color displays) had a very primitive operating 

system from a host computer communication standpoint. It is recom­

mended that in any future program, a custom operating system for the 

intelligent cerminal be written first. This would dramatically in­

crease the speed or reduce the time delay between art actual event 

being detected at the base station and showing itself to the dispatcher. 

It would also prevent any queueing problems at the base station. The 

extra oRerating system need not: be complicated at all, but should just 

be merely a communications handler. 

4-25 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CHAPTER V SUMMARY OF RESULTS AND RECOMMENDATIONS 

When viewed from a development standpoint, a Program (1) 

demonstrated the multi-user wide area coverage capacity and potential 

capability of AM Phase as a vl.:hicle location technology, (2) esta­

blished that a dedicated common mobile radio digital communication 

link for multiple users can be implemented, and (3) achieved numerous 

technical firsts in the implementation of a combined data base driven 

and event driven data processing system in a distributed processing 

environment. However, these features and capabilities were not 

allowed to be fully tested and evaluated in an operational environ­

ment because of the unavailability of a clear mobile radio channel 

in the Los Angeles area. 

A summary of the technical achievements is presented in Table 

5-1. The technical achievements have been categorized into three 

areas: location system, communication system and data processing 

and control system. Some of these achievements have been accomplished 

by other systems, but none have been done in such an economical 

manner (e.g., host computer-t)-remote computer interface - the 

remote dispatch station consi:;ted of three, separately supplied, 

off-the-shelf components which were linked to the host computer using 

a single low speed data modem and required no added special inter­

facing or signal conditioning hardware. Other achievements, such as 

the development and test of a terrestrial AVL system which operated 

anywhere within a lj,OO square mile area have never been accomplished 

before. 

A summary of the Program results identified in previous chapters, 

describing the system results which lead to the set of recommendations 
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TABLB 5-1 SUMMARY OF TECHNICAL ACHIEVEMENTS 

, LOCATION SYSTEM 

I 
.1 
I 

I 

COMMUNICATION 
SYSTEM 

DATA PROCESSING 
AND CONTROL 

o The AM Phase-Lock grid, generated by three 
AM Broadcast stations has been tested and 
demonstrated that it matches theoretical cal­
culations and produces fields which are 
invariant, stable, and repeatable. 

o A precise A~ Phase-lock sensor/receiver/pro­
cessor has been developed which compensates 
for anomalies in the transmittal field 1 such 
as overmodulation, etc.) and allowed the 
environmentally generated grid warpage 
phenomena to be qual.itatively and quantita­
ti vely defined. 

o A preliminary assessment has been completed 
to determine a method whereby the true po­
tential vehicle location accuracy using the 
AM Phase-lock technique could be achieved. 

o A hybrid differential navigation system has 
been developed which determines absolute 
vehicle location using relative phase data 
from the AM Broadcast stations and resetting 
signpost~. 

o A single channel, multiple user, mobile 
radio communications link was implemented. 
The communications link demonstrated its 
capability to transmit and receive digital 
information from vehicles located anywhere 
within a 400 square mile area of the Los 
Angeles basin. 

o Digital data thruput for the implemented 
communications link was evaluated and demon­
strated error-free transfer in excess of 
98% of the time at a 1500 bps data rate. 

oA base station computer-to-remote computer I 
communications link which operated at 1200 I 
bps over conditioned telephone lines was ' 
developed, tested, and operated free of 
undetected errors. I 

I 

o A variable alarm system was developed where-; 
by various alert and alarm conditions could . 
be assigned to specific vehiclas. An in- I· 
vehicle RAM was loaded to specify the types,· 
of alert and alarm conditions which would I 
be applicable to a specific vehicle. I 
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TABLE 5-1 SUMMARY OF TECHNICAL ACHIEVEMENTS (CONTD) 

I 
'I DATA PROCESSING 
I AND CONTROL (CONTD) 

I , 

o An auto:i~atic vehicle "mode shifter" t'las 
developed where.by individual vehicles would 
automatically change operating modes upon 
entry or exit from trucking company yards. 
The automatic mode shifter cCiild be disabled 
via keyboard entry at the base station termi­
na1. 

o Development was completed for a unique, two­
part software package to allow the remote 
microprocessor to give full information on 
twenty trucks and also drive a printer, 
another CRT, and two keyboards -- five de­
vices in all -- using a single 1200 bps 
telephone link. 

o A highly accurate liinverse" algorithm (AM 
phase to X-Y), and closest street inter­
section -3.1gorithmwere developed and used. 

o The development of a street data base algo­
rithm, digiti~ing method, and nearest segment 
look-up ~lgorithm which produced an alpha­
numeric display of over 30,000 nearest 
intersections in the 400 square mile area 
was completed. 

o The development of a data base and event­
driven, asynchronous control system nervic­
ing 56 separate devices, 54 of which were 
remote was completed. 

o An applic!ations package program of over 
36,000 words was developed which made use of 
over 350,000 words of user data base. detected, 
processed, managed: time tagged, and recorded 
in volatile memory over 37 different types 
of messages from enabled remote vehicle 
units and on-line recording of all transac­
tions to and from each remote vehicle unit 
and dispatch station. 

'----------------------_._---._--_. 

5- 3 



I 
11 
;1 
I 

i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

to be considered for any future implementation of the Cargo Security 

System is surnnlarized in the following paragraphs. The information 

is formatted into areas which describe the salient results and speci-

fie recommendations. The areas addressed are: oVerall system opera­

tion results, communications results, AM Phase results, vehicle equip­

ment results, dispatch station results, and base station results. 

1. Overall Results. The overall system worked we:: including 

the base station, the dispatch stations, the vehicles, the AM Phase 

unit, etc. 

Recommendations: There should be a follow-on program for the 

Cargo Security System which would consist of (1) a special develop­

ment phase to implement and test the AM Phase recommendations provided 

below, (2) an active deploymeni. of the improved system and (3) an 

evaluation of system operation with a dedicated, clear channel 

communication link. 

2. Communications Resul1 s. The common communication link 

worked extremely well. When the radios were operating at full power 

the throughput approached 100% and i~ all cases was at least 98%. 

However, the total evaluation program was not completed due to the 

non-technical problem ~f co-channel interference of the common 

communications link. 

Recommendations: In the follow-on program, the common communi­

cations link concept (CCL) shculd be used. ~Vhen the common coromuni-

cations link is used, ;"J. permanent user license for the selected 

frequency must be obtai'ned, 

3. AM Phase Results. The AN Phase hardware worked extremely 

well. The AM Phase receiveJ: provided a means of determining the 

actual RF phase cr.aract(;ristics and nuances of the AH Phase data 
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which was received at the antenna. As a result of having the developed 

~~ Phase receiver, it was discovered that the external environment 

produced contaminated AM Phase signals (due to multipath) which were 

impossible to eliminate with the current unaugmented receiver RF pro-

cessing system. 

Recommendations: Use the ~~ Phase system (in a hybrid with 

overlapping signposts) as the vehicle monitoring technique in the 

follow-on program. In the follow-on program, a special development 

phase should precede implementation of the overall system. This 

development phase is to combine "local" dead reckoning with the accu­

rate AM Phase -data. The local dead reckoning should consist of dual 

odometers (which are quite inexpensive), or a similar device(s) for 

providing heading and distance information, an an on-board micro­

processor in the vehicle unit (to process the odometers and make 

the dead reckoning calculations). 

4. Vehicle Equipment Results. Due to metal building inter­

ference, communication with the vehicles once they are parked in the 

yard was sometimes very spotty. In some cases, because of the bad 

communication, the vehicle batteries ran down causing inconvenience 

to the trucking companies (and in addition, the base station did no 

have accurate knowledge of the vehicle status, only that communications 

was not possible). 

Recommendations: 

(1) Eliminate necessity for communication with vehicles once 

they are in the yard. This approach could be implemented by deletion 

or redefinition of the remote alarm mode. 

(2) Switch the system into a very low pmJer, stand-by state, 

using yard entry signpos,!:;s, to switch the system to low power 01::' off 
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when a truck goes into the yard and switch the system to normal 

when a truck exits the yard. 

(3) As part of the instaJlation procedures, all vehicles 

should be tuned (to reduce truck noise) and n.ew batteries installed 

to preclude trucking company operation inconvenience. 

5. Dispatch Station Results. The dispatch station distributed 

processing concept of using intelligent terminals to reduce cost 

was proven and worked \\'~ell. However, the terminals chosen exhibited 

poor reliability. Additionally, updates of vehicle status from 

the host computer to the dispatch station were delayed in time due 

to the high overhead communications format required by the operating 

system of the ISC. 

Recommendations: 

(1) Use the distributed processing concept in the follow on 

program. 

(2) In the follow-on program choose a different temLinal or 

conduct a reliability improvement program for the ISC terminals. 

(3) Develop a special communications adjunct to the operating 

system so that the format problem can be reduced to manageable por­

tions, thus improving the delay time and the queueing situation at 

the base station. 

6. Base Station Results. The base station worked very well. 

The software was reliable and computational results were very accurate. 

However, system testing identified that a faster computer than 

originally envisioned was required. Additionally, because of the 

few system crashes which did occur, it was necessary to have an 

attend,_ \.~ bast! station to provide system recovery in the event of 

failure. 
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Recommendations: 

(1) In the future program, use at least an equivalent of a DEC 

11/34 or modify the distributed processing concept. 

(2) In future systems. complete the implementation for the 

remote access terminal which was used as the system console. Have 

the terminal located at a site which is convenient and implement. 

to the maximum extent possible. automated crash recovery procedures. 
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