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The purpose of this project was to identify feasible Automatic Vehicle 
Locator Systems and evaluate them against the operating requirements of 
the Orlando Police Department in order to determine several of the 
more promising for possible incorporation into the Command/Control System. 
This project was selected after a previous project (70-04-05), Computer 
Simulation of Connnand/Control Operation, specifically identified the 
inherent advantages of jncorporating an AVL System into OPD operations. 
It was noted that·there were a ntnllber of vehicle locator designs which 
might be applicable and that each had inherent capabilities which 

were dependent on the operating environment. Consequently a system 
analysis was necessary to identify the most cost effective system for 
OPD, and even more basic, if it were justifiable economically. 

A survey was conducted initially to determine the State-Of-TIle-Art in AVL 
Systems by mailing a questionaire to 150 potential suppliers. The mailing 
list was compiled from a literature review and included firms and agencies 
engaged in developing systems and equipment of perfo11l1ing related services. 
Approximately 30% responded but only 8 returned completed forms giving 
information on their systems. 

Based on the interest and capabilities indicated by the questionaire 3 
firms representing Proximity, Dead Reckoning, and Trilateration implemented 
systems were selected for further consideration. Each was contacted 
individually and the specific requirements of OPD were discussed with 
their engineers. On this basis they furnished information on their 
respective systems relative to performance and how they might be integrated 
into the OPD Command/Control System. Two have received contracts from 
otiler police agencies for installation of their system. A proximity 
system, LOCATES, has been installed by Applied Technology for the 
Montclair, California Police Department and FLAIR, the Boeing Company 
system, which uses an augmented dead reckoning technique is scheduled 
for completion in August, 1974, for the S8int Louis Police Department. 

TIle Proxiuity technique was selected to implement a prototype system for 
OPD to demonstrate the operational capabilities of an AVL System. This' 
decision reflected the practical considerations of its relative maturity, 
simplicity and availability of off-the-shelf components. The system 
was designed and assembled in the Special Projects Laboratory at Florida 
Technological University. nvo patrol cars were equipped and location 
transmitters placed in traffic controller boxes at 10 intersections in 
a selected district. A large backlighted City map was used as a display 
at headquarters with Light Emitting Diodes at the intersections to 
indicate the car locations. The prototype was used to obtain field 
operational data -from which problem areas associated with integration of 
an AVL System illto the existing Command/Control System could be identified. 

A computer simulation model of the OPD Command/Control System was used to 
assess the value of introducing an AVL capability. The model was exercised 
for AVL System accuracies of + 0, + 500, and + 1000 feet to determine the 
effect of accuracy on the Command/Control System performance in terms of 
response times and ntnllber of incorrect dispatches; The study showed that 
incorporation of <ill AVL System would nnprove the efficiency of the field 
force such that it could be reduced by UvO patrol cars and still maintain 
the sallle response time. An economic analysis using the annual cost of 
operating and slJpporting two cars in the field showed that these potential 
savings would justify an expenditure of approximately $1,000,000. 
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BACKGROUND OF STUDY 

The feasibility of incorporating an Automatic Patrol Vehicle Loca~or 
into the Orlando Police Department operations was selected for ~hlS study 
based on data resulting from a September 1972 study report. (ProJect 70-04-05) 
which used a computer silltulation model of the Command/Co~trol System t? 
analyze the effectiveness of a number of proposen operatlonal alternatlves. 

The Orlando area has a~~erienced a rapid increase in po~ulation, ~us~ness, 
and industricd QTO\\"th over the last decade which when vlewed statlstlcally 
shm'ls it to be ~ne of the major growth areas in the natio~. u~ort~ately 
criminal actiYiv,- has xegistered an even larger increase ln ~hlS. perlod 
of tL'18. Fm' e)7~Gle ~ during the last 10 years, the. populatlon and area 
of ·he r;-- ,.....:: :"""""",",::", 1n.-r-ea"ed 29~6 and 55% respectlvely; however, w 1U.J!.t..'l "'"'_ ...... ,!....,},.~~ ... lo ...... • ..-. '- --

total a;"'::::::.3J. ::r==e..-:.:se ;:1'l;::idents recorded by the Police Department. 
incre35eC ;:~~ ~ J2St ~stu2-bLDg aspect of this sharp increase lS that 
; .... k-----~.,.,.,(::,::: .~-- ,,::,,~."'~"'~"'';!:l1 -Form If the rate is sustained, a ;:-L." J~' ~""u.~._·....,. __ ..,. "_ ..... _~_ ........ _ .... \.o_\.,,._ - ... 

:~..,.,_=>..,~_::.,.~ .. .:: .::~_~~,':+-; .~.:: ~:.::cnC'es shows a 44% increase over the next ........... _~ __ 1. ... "',--...1 ........ ___ •. J.. .. _ ..... _____ ~.;...;J" 

::.:.:..~ z-::.i:' w:...= ~:F.:-·'- :,~=.::. :::: c~sen~ations and recommendations assembled 
'~.' ~ .~=- "m=m''"'I=--':: •• : -~-I=- :;_.z =-.-:::' -.:;-:-..:. Technology Task Force of the President's 
_ ~ ... - 11L ... U1.. -~ - - - -- - - - ~- - - - - Co 1 
:':mm:::.=;:;:.x. ::: :av .::r:=:::,:=r~-~ E...-;C Arbinistration of Justice. Their 
2==':7: i~3::-:':IB:: .:.cT\' -:'=*-- ,-:,:.:;:::-- E...-',.:j 2.1l.alytical techniques could be used 
:.: : .. ::1=:"'3E3:: -:'::-JE: ::::.:::: =- =r::c,- ;:,:: :s==ectiveness of police operations in the 

K:.:::'-=_ :':.1.:: :::-;=:·~.:e:::.~::c -:::-X::::5S ~;-_e Co::rmand/Control function was singled 
:Cc:: ~ Z1= ::-=- -"".,,- m:':'= ::~:",'::S':-2 f:.TeaS to consider for impl'ovement, and 
a r-ri;"'E::- =:: =:'~:':;:..:' :.rr.z-2. ::;~ .. ::Tol problems that limit police operational 

;. e==\e::~::*.ts:::.BE ~ i..~== :.:. €~~: :.:::. e::. 
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A pre'Ol'-:'::::..:.s :;::::-::.:zc~ ~:-:-:'!-J5) J COT!Iputer Silltulation of the Conunand/Control [ .. 1 ] 

Operatic::." s;:~:::.:::.::;:.:.:.:: :--e::ated these problem areas to the Orlando Police . I.' 
Depart:::en-:. _!.. ::;:.si.:: ::::oc.el of the Corrnnand/Control System was developed 
using GPSS/3S::I, si::-.Jla"tion language and statistically validated at the 90% r 1 .. J" 

confidence leyel. Tne model was then used as a vehicle for experilltental IL 
investigation and evaluation of selected operational changes in the operation- •. . 
al System Hhich ,.,rere considered significant - Combining the Dispatch .' . 
Officer and Radio Operator Positions and Installation of an Automatic [~ 
Patrol Vehicle Locator System. These changes were tested by prediction . .•. -
of system effectiveness against projected incident demands up to 1980. 

L.] 
lInstitute for Defense Analysis, Task Force Report: Science ~~d Technology 
(Washington, D.C.: President's Commission of Law Enforcement and 
Administration of Justice, 1967), p. 21. 
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T~e primary measu~e o~ system.effecti~eness was considered to be response 
tnne: Re~ponse tlffie l~ tu:n lS comprlsed of u~o major components - time 
requlred ln th~ Communlc~tlon Center fr?m receipt of call to dispatch of 
the patrol vehlcle arId fleld response tlffie or that required by the vehi~le 
to reach the scene. 

The urgency to improve response time derives from its correiatioll with 
the probability of apprehension of a suspect. It was determined from 
statistics based on L05 Jffigeles Police Department data that with a 
response time ofLl minute 62% of the emergency calls ended in an arrest. 
As the response time ~as increased the apprehension probability rapidly 
decreased and at 14 mJ.nutes the currrrnulative cases exhibited only 44% 
arrest probability. 

In addition it was found that the Communications Center accounts for 
30-50% of total response time delay. Further examination showed it to 
be one of the best areas to invest dollars to decrease response time. 
Accordingly, a number of administrative and procedural changes were 
recommended based on the model. 

Expe~ditu~es to.decrease travel.time are also cost effective but typically 
requlre hlgher lnvestments. Thls approach can be typified by installation 
of an Automatic Patrol Vehicle Locator or introduction of additional 
patrol vehicles. Table 1 presents the data generated by the model 
for a comparison of average travel time delay with and without an AVL 
System at varying incident loadings representative of 1971, 1976 and 
1980. It is safe to conclude that at least .26 minutes of travel time 
could be saved by incorporation of an AVL System compared to the 
existing Orlando Police Department District assignments operation. As 
the City expands it can also be expected that this predicted improvement 
in travel tillte will improve markedly. An AVL System also affords the 
advantage of additional safety for field officers since the Communications 
Center has information at all times on the patrol unit location. It can 
also be equipped with an "Officer Needs Assistance" signal device 
which the officer can use to unobtrusively surrnnon help in an emergency. 
Accordingly it was recommended that the feasibility of incorporating 
an AVL into the Orlando Police Department Operations be studied. 

It was noted that theTE: are a number of vehicle locator system designs 
which may be applicable. Each has inherent performance capabilities 
which depend on the operating envirorunent and sensor subsystem used in 
the design. Consequently a system analysis is a primary Tequisite to 
identify the most cost effective system for the Orlando Police Department. 

Minilltum (5%) 
Mean 
Maxilltu.'11 (95%) 

TABLE 1 

CC1\1PARISON OF PREDICTED TRAVEL TIMES WITH AND 
WITHOUT AUTC1\1ATIC VEHICLE LOCATOR SYSTEM 

Base Travel A,\TL Travel Travel Tillte 
Time Minutes Time Minutes Saved Minutes 

3.52 3.24 .28 
4.12 3.85 .27 
4.72 4.46 .26 
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EXECUTIVE SUMMARy 

A computer simulation d 1 f th 
that Orlando has reach~~ ~ 0 e.OPD Comaa~d/Control System showed 
from an AVL S stem e maturIty where It could benefit signific 
installed in ~ sel~c~~ ad1?r~t?tYPe proxi1!lity. system was designed and antly 

IS rlct to obtaIn fIeld operational data. 
The objective of this r' ~ 
Syst~ms for Police ope~a~l~~; ~~ tOld~~enn~~~.the state-of-the-art of AVL 
reqUlTements of th 0 1 . re ate this ·lnfonnation to th . . 
incorporation an A~L ~ ;~do ~o11ce.Department, so that the feasibtf:C~flC 
determined. Several t~c1~Tc~fi~h;lr q~~p.and/Contro1 operations cOU1~ b; 
J?oreover, the stUdy sholVed th t e;~ e system were identified' 
InVestment for the City. a an Systea wouJd be a good ec~nomic 

'J11e p~iJna:y source of infonna t . 
quest!onalTe which was mailed :on o~. AVL Systems was a simplified 
government agencies Th l' l.O a 1st of approximately 150 f' d 
~~~~ucted to identify fi~ l!~g~;!dc?mp~led fr?m a literature ~~~c~n 
que:l~~n~o~~e~~fonnin~ related servf~es~ve~~l!~fiAVL Syst~ms and 

~f~~rmance par~:t~:l~feih:r:e~~:teaVail~bilit< ~i !~~l~~:~~ :~~e 
some s;:~l~~ef ~o the guestionaire a~~'of ~1r~Xlmately 30:0 o~ ~he 

n erest In the project. e e ,mote then ha.lf indica'ted 

Th~ response identified fou . 
TrIangulation, Dead Reck .r major system types - Prox' . . 
suppliers. Further ~nal on~ng and Loran could be ident ~~t~, !rl1ateration/ 
clearly dominant th P ys~s. showed that althou h 1 Ie WIth several 
response fOllowed e rOX1mlty system .had bee gi no ?n~ technique was 
capabili ties indic~~e~e~d ~eckoning with 28%. \;;~:~tIfle~ b< 38% of the 
the systems judged most 1~ t1~ questionaire, three\':::f' on t e l~terest and 

easlble were selected f ~ Inns assocIated with 
LOSATES was developed b .' 0

1 
fUrther consideration. 

USIng the Proximit te y ~pplled Technology of Co' 
Mon tclair, Ca1ifor~i c1mlgue. An Opera tional ~ ta Mesa, California 
wel~ OVer a year. I~'a~~~l~e Department and 1ia~Y6tem ~as i~stalled for the 
~ehtwlCles, it includes a k~yt~~n dtofProviding autom'l~f~ lIn da~ly operation for 
e een headqua t ar or 3 - 10 cd~' Ocatlon of pol' of th . r ers and the veh' 1 c e cllgi taJ t Ice 

While e a~:fl~er to. unobtrusively ;~a~' . An added feature ' i:o~~ay comm:m~cations 
y rom hIS Vehicle. - sml t an officer-need -1 1 e ~apabIll ty 

. s 1e P sIgnal 
SIerra Research C ' 
a ph T' orpora tl0n of B ff ase rIlateration AVL u alo, NeW' York d 
;~:~fi~rJation. The demon~r:~~Xo~der Contract fro~v~~~P~d and demonstrated 
S ocumented in F' I was Conducted' . epartment of 
ys~em has the capabil·~na Report TR - 0932 F bIn PhIladelphia and 

off~cer-needs-help si ~aY of transmitting 8 ~10 e ruary 1973. The Sierra 
~ehlcle transmitted ~ 1: Th~ system utilizes ~fde message and an 
~~n~~i~~ber of se~sor ~~:~f~s:o ~etehrmine distd~c~~a~; ~~ffere~ce of 

Ing satellIte l'ec ' . n t e case of OPD . e vehIcle 
f~s;hown~ disPl~y utilize:l:e~a~~;~s Could be used th~; wa~ b~lie:red that 
using an e~e~t~~I~ map; an inCident ;o~:~.tube on Which t~: ~~t~gllnstall~tion 
search out the n:c proces: board and map Ion can be entered by 1~~ e

d 
~ocatlon 

rest avaIlable vehicl Overlay. The comput~ e. Ispatcher 
es. c:r WIll then 
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Over the past two years, the Boeing Company In cooperation with the 
lVichita, Kansas, Police Department has developed a prototype Dead 
Reckoning AVL System knmm as FLAIR. FLAIR utilizes the vehicle odometer 
and a solid state magnetic compass to obtain travel and heading information 
which is transmitted to headquarters and displayed in a vide'o grid map. 
Each dispatcher can individually zoom-in on an individual portion of the 
city to read street names. A cursor can be used to locate an incident, 
and the system then automatically displays the 8 nearest available vehicles. 
The system also has capability of digital transmission of up to 99 different-
10 code messages and an officer-needs-help call. Boeing is presently 
under contract to the Saint Louis Police Department to furnish a system 
for 25 cars with guaranteed accuracy of .!. 50 feet. 

The proximity technique was selected to imple~ent a prototype system to 
demonstrate the operational capability and effectiveness of an AVL System. 
This decision reflected the practica.l consideration of its relative 
maturity, simplicity and an availability of off-the-shelf components .. 
with which to implement it. The system was designed and assembled in the 
Electronics Project Laboratory at Florida Technological University. 
Standard corrrrnercial transmitter/encoders with ql.paoility- of 100 ml" output 
were mounted in traffic controller boxes at selected intersections. 
cormnercial available citizen band mobile radio receiver l'Va.S used to detect 
the emitter location signals and was packaged with an encoder to add a 
patrol vehicle code. ,A control circuit was added to key an existing PREP 
radio transmitter and activate the vehicle encoder when a location signal 
was detected. The mixed location/vehicle tone coded signals an) received 
by the PREP System satellite receivers which relay the audio signals to 
headquarters where they are subsequently decoded and co-occurring 
intersection and vehicle identification data is stored in a display memory. 
The display electronics scans the data in memory and activates Light 
Emitting Diodes (LED) to indicate the car identification number at the 
appropriate intersection. The system is designed to handle 2 patrol cars 
and 18 locations. The purpose of this system was to obtain field operational 
data which would identify problem ar.eas associated with integrating an 
AVL System into the OPD Command/Control operation. 

A computer simulation model of the OPD Command/Control System was used to 
assess the value of introducing an AVL capability. Initially the model was 
validated and then modified to incorporate a Corrrrnand/Control policy to 
dispatch the available patrol vehicle closes t to the incident. The 
simulation wa~i condu::tcd for AVL system accuracies of + 0, + 500, and 
+ lCOO feet to detennine the impact of accuracy on Corrrrnand/Control System 
performffi1ce in terms of response time and number of incorrect unit 
dispatches. The study showed that by incorporating an AVL System with an 
accuracy of about 800 feet the efficiency of the Uniformed field force could 
be improved such that DvO less patrol cars would be required to maintain 
the same response time. An economic analysis was then performed to 
evaluate the AVL System on the basis that the annual cost of maintaining 
a one-man patrol car in the field Would be about $115,000. Since no' "hiird" 
estimates for an AVL System were available, the analysis was conducted to 
detEmninc the capital investment which could be justified by the potential 
savings of the two patrol cars. Assuming a 5% rate of return and a 10 
year life, the potential $230,000 annual savings will justify an investment 
of $l,ODO~OOO.This is ,,,ell above the $400,000 rough estimate for an AVL 
System to handle 30-35 cars, and accordingly it was recorrrrnended that OPD 
develop performa!l(>~\ specifications and obtain b~d from reputable suppliers 
for evalua1;ioll~ and installation of a suitable AVL' system. 
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SECTION II 

PURPOSE OF PROJECT 

o Importance of Command/Control in Police Operations 

o Contribution of AVL System to Command/Control 

o Objectives and Potential Benefits of Project 
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All police departrPj~nts utilize some system, by Ifhich they direct and control 
their field forces in a dynamic response environment.' This system of 
Command and Control must have the inherent capability of rapid and complete 
information assenmly, decision making and execution which assures rapid 
response to the threat situation and minimizes tile danger to both citizen 
and police offic'er,. 

Continuous force status m.onitoring is one of the most effective methods of 
improving the Command/Control function since i t provid~s a dynamic display 
which comb:i:nes offense locations with deployment/availability of patrol 
units. Typically continuous force status monitoring information improves 
command decisions which in turn ~lproves operational efficiency'of the 
system by; 

o reducing response time 
o dynrunically deploying patrol units 
o maintaining better administrative control of 

patrol units 

An AVL System provides the key to a quicker response because it enables tile 
Command/Control Center to dispatch the nearest available patrol units., 
Also to be considered is the increased safety afforded the field officer; 
at all times the Connnand/Control Center has knowledge ,of his location and 
can respond if assistance is needed. 

In addition the AVL System provides the command officers with locations of 
their forces during major civil disturbances or disasters. 1yPically the 
police Inust rely on their force mobility to extend their limited field 
capabilities in responding to such emergencies. The ability to concentrate 
on trouble spots and control them is worth many additional units in the 
field. KnOlving the locations of patrol units also improves administrative 
control and avoids over or under responses that may inadvertently leave 
sections of the city Ifithout protection'. 

The primary objective of thts project focused oll'identifyin,!t fe,§!-sible,.:. 
Automatic Vehicle Locator Systems and evaluating them against the 
operating requirements of the Orlando Police Department in order to recommend 
the most promising configuration for incorporation into their Command/Control 
System. A number of vehicle locator systems for police operations have been 
conceived and some have undergone prototype evaluation. Generally, 
hOlvever, these have been in the larger cities such as Neh' York, Chicago, 
and Philadelphia. It is evident from a review of the literature that 
the locator technique must be carefully selected and the system designed 
to satisfy not only the police operational requirements but also the 
physica1 and environmental conditions in which it must operate. 

In addition to identifying the requirements for an AVL System for OPD, a 
Prototype System was developed and operated to identify human factor interface 
problems inherent in introducing AVJJ into the Command/Control System. 
Secondary objectives of the reseaTch can generally be identified with 
application of the report data to other police agencies wheTe the 
environment is similar and in related operational areas. lhe L' 

system could also be used on buses, taxies, armoTed cars and high-value 
truck loads where a signal from the driver would automatically 'alert 
authorities aHd ghr~ the vehicle position . 
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IMPORTANCE OF COMMAND AND CONTROL IN POLICE OPERATIONS 

A Corinnand and Control System capable of rapidly responding to all 
complaint calls is necessary for the effective coordination and deployment 
~lice operational forces. 

Command and Control is typically a military terminology for tl1e activities 
associated with planning, direction and control of oporations. A Command/ 
Control System in turn can be defined as iran organization of personnel 
and facilities to perform the functions of planning, si~uation 1 
intelligence force status monitoring, decision making and execution." 
All operations management whether industrial, Inilitary or law enforcement 
require some type of Command/Control System to perform these functions. 

In most police deparunents, the Communications Center is the focal point 
of all public calls and other inputs to the sys~em. The Center houses 
the personnel and equipment ne\.essary to receive and integrate all 
information pertaining to routine or emergency situations and control 
and coordinate the men and equipment needed to respond to the situation. 
Personnel typically include Dispatch Officers to receive the incident 
calls, assess the force status situation and assign the necessary 
response and Radio Operators to communicate with the field forces. The 
communications system consists of an integrated network of radio circuits 
and land lines linking the Center with the public, department personnel 
and othe.r IC;w enforcement agencies. Key components in a manual system 
are phone h.nes, VHF/UHF radio and control console, teletype links to .', 
o~her agenci~s, a force status display board; and a computer information 
dlS~lqy te~lnal. A co~puter.augment~d system would include the capability 
of Integratlng all pertInent Informatlon on a complaint call and 
a~signing the nearest available patrol unit subject to approval of the 
dIspatcher. 

Figure I ?n the opposite page is a simplified functional block diagram 
of the BaSIC Command/Control Process. The diagram defines the relation­
shiP.of the functions necessary to discharge a command responsibility and 
the ~ortance of feedback from the field to ~ontrol and respond 
effectIvely. The commander must know the dynamic environment in which 
t~e ~orces are operating as ~ell as the.plans, procedures and capabilities 
of hIS co~and. The threat IS the forcmg function on the system. Unfor­
tunatelY.lt cann?t be evaluated ~til after the complaint call is completed, 
ar;.d the InformatIon must then be Integrated into the overall tactical ' 
slt~a~ion for analysis and decision on the type of response. Once the 
declslon.ha~ be~n made it is executed by field forces. As the units 
respon~ l~ IS vltC;1 that the commander monitor the field operations and 
use.!hls.lnformatlon to up~ate his estimate of the current situation and 
modlIY hIS response accordIngly. ' 

1 
Institute for.Defense Analysis, Task Force Report: Science and 

Tec1mology (WashJngton, D.C.: President's CommiSsion on'Law Enf' t 
and Administration of Justice, 1967), p. 21. orcemen 
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Any Command/Control operation must have the illherent capability of rapid 
and complete information assembly, decision making and of execution. In 
the police apprehension process, for example, studies2 of the Los Angeles 
Command/Control System showed that the Communications CentEtr delay 
accounted for 30 to 50% of the total response time on emergency calls. 
Here response time is defined as the period from receipt of the call 
until the patrol vehicle arrived at the co:mplaint site. It is apparent 
that speeding up the Command/Control process offers an effective method 
of improving the effectiveness of a police apprehension system: Again 
referring to the Los Angeles study~ a correlation of percent of arrests 
in relation to response time showed a sharp increase in arrest probability 
'wi th a decrease in response time. The curve could be described as an 
exponential function eXhibiting a sharp increase in arrest probability 
for response times of less than 4 minutes. In addition many calls which 
are initially termed routine often escalate into emergency situations due 
to the delay in response. An effective Command/Control System is a vital 
part of both citizen and police safety. 

~--------~---------Feedback----------------------~ 

o Situation 
Intelligence ' 

~ 1 Threat 

~ __ --:-___ J~ Environment 

-I o Coordina tio:l __ -st);>l 

o Analysis o Decision oJ 1..-______ -' 
(j Execution Qpe~a tic;ms I 

rvronltor1n 
l'.}. 
f ~ 

o Force Statu 
Monitoring 

Plans 

\.....-__ -..- ' __ ..ll~'" Capabilities 

l..-_____ -L..------ Feedback 

Figure 1 

2 Ibid 

Functional Block Diagram Of Basic Command/Control Process 
ShmV's Its Dependency On A Closed Loop Feedback System. 
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CONTRIBUTION OF AVL SYSTEMS TO COMMAND/CONTROL 

An Automated Vehicle Locator System can provide the continuous force 
status intelligence needed to realize the full potential of force 
mobility which is so essential to police operations. 

Continuous force status monitoring is one of the most effective methods of 
improving the Command/Control function since it provides the command , 
officers with a dyn~~ic display of information combining offense locatlons 
and deployment/availability of patrol units. It is also a key element 
in a fully automated Command/Control system which would incorporate a. 
digital computer to further integrate and expedite the response. ~~cally 
continuous force status monitoring information inproves command deC1Sl0ns 
which in turn improve the operational efficiency of the system by 

---reducing response time ~ . _ ~. ~'. 

-- -dynamically deploying patrol, units, . . 
---maintaining better administrative control of patrol units. 

The effectivity of a police force can be measured by the rapidity with 
which it can direct field units to a scene of action. It has been 
established1 that the number of arrests and subsequent clearing of crimes 
has materially increased when the response time is decreased. Also 
studies Z have indicated that calls that have been classified as routine 
have often escalated into emergencies by the time the police arrive. A 
quicker response to routine calls would in many instances prevent a 
crime from occurring. An AVL System provides· the key to a quicker 
response because it enables the Command/Control Center to dispatch the 
nearest available patrol unit. Also to be considered is the increased 
safety afforded the field officer. At all times the Command/Control 
Center has knowledge of his location and can respond if assistance 
is needed. 

In addition to rapid response to a single incident, it is imperative that 
c?rnmand officers know the location of all their forces during major civil 
dlsturbances or disasters. Typically the police must rely on their force 
mobility to extend their limited field capabilities in responding to an 
emergency. The ability to concentrate primarily on trouble spots and 
control them is worth many additional units in the field. In a hot 
pursuit.situa~ion, for e~le, t~e Command/Control Center can program 
the pollce unltS to more qUlckly lntercept the target. The apprehension 
most proba?l~ could.be,accomplished.with fewer units thus decreasing 
the probablllty of lncldents or accldents which might involvE' police 
officers, motorists, and pedestrians. 

IKnic~el, ~y E., "Car Locator Uses and Patrol Car Emitter-Call Box Sensor 
Tecrouque, Law Enforcement Science and Technology, Thompson Book Co., 1967. 

2Issacs, Herb, Task Force Report: Science and Technolog·y· U S G 
• _ , • L. overnment 

Printlng Office, Washington, D. C., 1967. 

L.--';'· 
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Knowing the locations of patrol units also imprcves the administrative 
control of ele Command/Control Center. It avoids over or under responses 
and the resulting possibility that sections of the city may be inadvertently 
left without protection especially during emergencies. Additionally it 
permits more efficient allocation of field forces since patrol units can 
be easily redeployed to match the shift loading by area of the city. 

Some surveys have attempted to translate the typical benefits claimed 
for AVL systems as sunnnarized in Table 2 into cost savings. Genera.lly 
these have stated improvements in Command/Control Systems performance 
on the order of 5 to 10%. 

In a survey3 performed for the Los Angeles Police Department. Hughes 
Aircraft showed that a field force of 75 units could theoretically be 
reduced to 70 units through use of an AVL system. This is a reduction 
of about 7% in f:ield force requirements while maintaining the same 
median response time. The Mitre COl~oration on a similar survey 
hypothesized that in a police department normally deploying 80 units; 
addition of an AVL system would be equivalent to adding 5 additional 
field units. This approximates a 6% increase in field capabilities 
attributed to the AVL system. 

TABLE 2 

SUMMARY OF IvIAJOR BENEFITS OF AN AUTOMATIC 
VEHICLE LOCATOR SYSTEM 

IMPROVED RESPONSE TIME 

OReal time location and identification 
oSilent emergency alarm for officer 

IMPROVED EMERGENCY OPERATIONAL CAPABILITY 

('JPriority dynamic control 
€:lMore effective force mobility 
oVehicle surveillance 

INCIffiASED MANAGEMENT INFORMATION 

cVehicle status infol1nation 
elMore efficient resource assignment 
eReduced .operational costs 

3 Bussard) D.L., Los An eles Police Department Operations Simulation, 
T.P. 69-16-29, Fullerton, CaIifoTIlia: Hug es Aircra t Company Groun 
Systems Group, August, 1969. ' 

'. 
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OBJECTIVES AND POTENTIAL BENEFITS OF PROJECT 

The primary objectives of this study focused on iden~ifyiIlg feasibl~ 
Automatic Vehicle Locator Systems and evaluating them agaInst the operatIng 
re~uirements of the Orlando Police Department in order to recommend the 
most promising for incorporation into the Command/Control System. 

Without the aid of a vehicle locator system, dispatchin!j pr?cedures ~n 
the Orlando Police ,Department require that a car oper~tl~g In an ass~gn~d 
district be assigned to respond to an emergency call If It ha~pens WIthIn 
hi? district. This procedure is based on the management.premlse of . 
assigning authority commensurate with responsibility. SInce Ble Co~unl­
cations Center does not have current intelligence of the patrol vehIcle 
locations it mllst of necessity broaden the assignment responsibility of 
the field unit to a known area for accountability. Although this is a 
proper approach under the circumstance~ it sacrifices response time and 
administrative control. There is a high probability in many instances 
that a car in an adjacent district will be closer to the scene. To over­
come this situation, the dispatcher might call all cars in the vicinity of 
the complaillt and be assured of getting the closest unit; however, this 
will result in an unnecessary number of cars converging on the site. 
These extra cars would clear1::i be more effective remaining on their own 
beats or being strategically deployed along likely escape routes, 
especially in the event of a chase, 

The key element in implementing a continuous force status monitoring 
system in a suitable patrol vehicle locator. A number of vehicle locator 
systems for police operations have been conceived and some have undergone 

. prototype evaluation. Generally, however, these are in the larger cities 
such as Nei., York where a LORAN type system is being considered. Other 
types of tracking systems which have been investigated include a modified 
RADAR Transponder, emitter/sensor Proximity Systems, CarclBorne Position 
Computers, and Trilateration/Triangulation System. It is evident from a 
reviei., of the literature that Ble locator teclmique incorporated in the 
system must be carefully selected. For example, a LORAN system appeared 
to be most feasible for New York because of mUlti-path. problems created 
by the high buildings which introduce serious operational problems for a 
high frequency ranging or direction finding type system. it is important 
then t? ensure t~at a system is designed to satisfy not only the police 
operatIonal reqUIrements but also the physical and environmental 
reqUirements in which it must operate. 

The maturity of the Orlando Police Department is such that an Automatic 
Patr?l Vehicle ~ocator System could make a significant contribution to its 
contInued successful operation. Tllis was noted in a previous reportl which 
us~d operational dat~ to model and analyze the Command/Control System 
and. reco~ended sp~clal emphasis be addressed toward reducing travel time 
~hrough l~corporatlon of an AutOTIlatic Vehicle Locator System. Before 
1mpleme~tlng such a. systel~, however, a systems engineering evaluation of 
~:e varlo~s automatIc vehIcle locators is necessary to determine ,.,hieh 
WIll provIde a system most cost effective within the performance and 

lDoering, R.D., Computer Simulation of Command/Control Operations Project 
70-04-05, Report to Governor's Council on Criminal Justice, sept: 1972. 
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environmental requirements of the Orlando Police Department. It is 
important to :Cf;lcognize that each police department, although having 
similar operational function, may vary widely in its actual physical 
characteristics due to the environment in which they perform. Only by 
application of systems engineering methodology can these varied inputs 
and constraints be successfully integrated and analyzed. 

This study was conducted as the first step incorporating a real time 
force status monitoring system into the Orlando Police Department 
Command/Control System. The primal), objective was to investigate the 
known vehicle locator tecr~iiques relative to their feasibility and 
capability to satisfy the Orlando Police Department requirements. The 
logic of this emphasis on vehicle techniques is evident when one considers 
that it is the key to a successful force status monitoring system. The 
other subsystems, computer and display, arc much less dependent on the 
future environmental constraints and operational requirements. The 
principal objectives of the project are summarized in chronological 
sequence in Table 3. 

Secondary objectives of the research can be generally identified with 
application of the report data to other police agencies where the 
environment is similar and in related operational are0.S. For example, 
the system could also be used on buses, taxis, armored cars and high-value 
trck loads where a signal by the driver would automatically alert 
authorities and indicate the vehicle position. 

TABLE 3 

LISTING OF PRIMARY OBJECTIVES OF PROJECT 
IN CHRONOLOGICAL SEQUENCE 

o Construct a Scenario of OPD operations. This will provide 
the system operational description for OPD which integrated 
the functional sittlations with environmental requirements. 

o Identify d~1affiic tracking systems for patrol vehicles. 
This will provide descriptive data on vehicle locator 
methodologies currently available in hardware form and 
adaptable to police operations. It will include technical 
information on operational and maintenance aspects of the 
systems. 

o Evaluate feasibility of Tracking systems for OPD application. 
This will require constructing an evaluation profile 
for each system against Scenario requirements using a 
computer simulation model of the Comrr,and/Control System. 

o Perform system design analysis to identify the most promising 
tracking system. TIlis will include an overall design 
review in sufficient detail to permit estimation of 
prototype performance parameters. 

o Design and develop a feasible prototype sys:tem ;for 
installation. and evaluation ina selected dIstrIct 



SECTION III 

PROJECT RESULTS Ju~ RECO~'ffiND~rIONS 

o Observation and Recommendations for Orlando 
Police Department 

o Research Program Plal111ed by Orlando Police Department 
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Generally considerable experjmental work has been accomplished in developing 
AVL systems for police Command/Control operatiol~. To date however, the 
study showed dnly one, (LOCATES, in Montclair California), has been installed 
and. is being used under operating conditions in 'the United States. A number 
of prototype systems have been installed for demonstration purposes and 
then dismantled. It appears that up to this point the police 11ave been reluctant 
to contract for what is essentially a development system and the suppliers 
have been reluctant to guarantee system performance on a fixed price 
basis. Two operational systems, however are now under contract to a police 
agencies, LOCATES (Applied Technology Inc), and FLAIR . 
(Boeing Co.) in Saint Louis, Missouri. It is understood that the FLAIR contract 
is firm fixed price with guaranteed ~ 50 feet accuracy. 

I The FCC has also recognized the growth impact of AVL Systems and is currently 
engaged in hearings to determine a frequency spectrum lvhich ,viII be 
reserved for AVL usage. . ' 

It was also observed that the majority of the AVL Systems which were 
reviewed included provision for digital transmission of communications 
messages. This appears to be a logical approach since the systems are 
closely allied and simultaneous implementation shoulq effect a 
cost reduction. 

The study showed that the Orlando Police Department has reached the maturity 
'~1ere it could b€nefit significantly from installation of an AVL System. 
A computer simulation model of the Command/Control System was used to compare 
existing Uniformed Field operations with similar operations augmented by an 
AVL System. Comparison of the mode1 output showed that for equivalent 
response times, an AVL.augmented system would require 2 less patrol vehicles 
in the field. A subsequent economic analysis showed that for a 10 year 
system life and a 5% return on investment t~1e potential savings would justify 
a capital investment of $l,OOO,OOO.From irr'':ormal discussions with potential 
suppliers, it appears that a system could be installed for 30-35 vehicles 
in Orlando for a cost of about $400,000. 

The experimental proximity system installed during the project should be 
maintained and operated to gat11er'information on human factors problems 
attendent with introducing an AVL System into the Corinnand/Control 
opera tions • Al though operational and us eful, the prototype performance 
was compromised by the ineA~ensive components 'vhich 'vere used to implement 
it. Also the design 'vas constrainted to use the existing communications 
equipment which limits its flexibility and growth capability. 

It shOUld be recognized that tbe A.VL System. is a key element in an 
Automated Command/Control System and a big step toward the concept of a 
near instantaneous arrival of the officer at an incident site. As such, 
this project is an integral part of an overall Research Program plal111ed 
by the Orlando Police Department. 



< 

17 

OBSERVATIONS AND RECOMMENDATIONS FOR ORLANDO POLICE DEPARTMENT 

The Orlando Police Department should install an Automatic Vehicle Locator 
System; it appears to be a good economic inves'bnent and in addition will 
provide increased safety and security for both officers and citize:ns. 

In general the study~howed that the Orlando Police Department has reached 
the maturity where it could benefit significantly from the il1stallation of 
an Automatic Vehicle Locator System. A computer simulation model of the 
Command/Control System was used to compare existing Uniformed field operations 
w~th s~ilar operations augmented by an AVL System. Input data for the 
s11TIulatlOn model was based on extensive sampling of actual system operations 
on a 24 hour basis for two six week periods in Spring 1972. After validation, 
~he m?del was m~dified to incorporate the logic of an AVL sugmented system' 
J.n whJ.ch the nearest available vehicle to the incident is dispatched. . 

Prior to acctnTIulating output data the model was exercisedto obtain equilibrium 
and ea~h run then processed incidents equivalent to 3-4 days of nonnal 
operatJ.on. Evaluation parameters included travel distance and time, and 
the number of incorrect vehicle dispatches. The model was exercised for 
asstnTIed accuracie~ of .!.. 0, .::. 500 and.::. 1000 feet to provide data with which 
to evaluate the dJ.fferent types of AVL Systems. 

Comparison of model output for the existing and the AVL augmented Command/ 
Contro~ System s110wed that, for an equivalent response times, an AVL 
au~ented. system ''lith about.::. 800 feet accuracy would require 2 less patrol 
vehJ.cles ~n the field. This reduction in field force requirement agrees 
closely wlth other similar studies which conclude that a saving of 
about 7 - 8% can be effected. ' 

The ann~al cost of maintaining a one-man uniformed patrol car in the field 
was estJ.ma~ed to be.$1l5,000. This figure includes operation and maintenance 

, of the vehJ.cle, offJ.cer wages with an assumed 100% overhead and administration 
~upport factor. Further economic analysis using a S% return on 
J.nves~ent. and 10 year life shows that replacement of 2 cars would justify 
a capJ. tal J.nvestment of $1,000,000. , . 

The variation i~ p~rforma~ce characteristics together with environmental 
J.nterfac~ made J.~ ll!1J?ractJ.cal to compare the different AVL Systems on a 
cost basls at t~J.s t11TIe: In,addition the suppliers were generally reluctant 
to supply cost J.nformatJ.on lvJ.thout considerable additional engineering effort 
It appears, however, based on discussion with the two suppliers who are under' 
contra~t, ~hat a system ~ith accuracy of less than 900 feet and capabilit 
<;>fmom .. torlllg 30-35.vehJ.cles with the city limits 0f Orlando could be y 
lnstalled for approx11TIately $400,000. ' 

On this basis it is recommeded that OPD install an Automatic Vehicle Loc t 
System .. It appears to be a good'; economic investment for the City and a or 
?ff~r~ J.ncreased safety and security to both officer and citizen . In 
ad~J.tJ.on the fuel saved by two cars '.vould be a significant contribution in 
thJ.s era of. ene:g~ shortage. As a fJ.rst step toward implementation of this 
reco~~nda~lon ~hJ.s study should be extended to develop a perfonnance 
speclfJ.catJ.on for the system so that bids can be obtain for reputable suppliers. 
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The experimental proximity system installed during the project should be 
maintained and operated to gather information on human factors problems 
attendent with use of an AVL System. Due to the low budget cons;.traints 
under which the system was developed, the design incorporated the less 
expensive, tone-coded method of data transmission. As pointed out in the 
body of the report, this system suffers from interference problems, and 
a more reliable system could be achieved with digital transmission. In 
addition the transmission could be via cable TV network which exists in 
Orlando. Bot11 suggested modifications would relieve the problem of overloading 
the UHF communication channel with AVL signals. The prototype however, can 
be used to familarize and prepare the dispatcher for an AVL augmented operation. 
In addition it undoubtedly will define interfac'e problems between the 
dispatch personnel and the system such as lighting, signals, and display 
presentation. 

The survey to determine t11e State-Of-The-Art in AVL Systems showed that 
considerable experimental work has been accomplished. To date, however, 
the data showed only one system has been installed and is being used under 
operating conditions by a police jurisdiction in the United States. This 
is the LOCATES proximity system installed for the Police Department of 
Montclair, California. A number of prototype systems have been installed 
for demonstration purposes and then dismantled. 

The survey response data identified four major system types - Proximity, 
Trilateration/Triangulation, Dead Reckoning and Loran which cOClldbe 
identified with several suppliers. Further analysis showed that, although 
no one technique was clearly dominant, the Proximity System had been 
identified by 38% of the responses followed by Dead Reckoning with 28%. A 
comparison of system types by performance parameters showed Proximity with 
the most maturity and "hard" data. The Dead Reckoning system however, 
exhibited the best overall performance due to the accuracy (+ 50 feet) and 
operational flexibility (location signals are generated by tne vehicle from 
any position). Both systems had been demonstrated and b01~ are under 
contract to a police agency for installation, LocATES in Montclair, California 
and Boeing FLAIR in Saint Louis, Missouri. 

It was also observed that the majority of AVL Systems addressed Command/Control 
communications by including provision for digital transmissions of 10 code 
type messages. This is a good approach since the two systems are closely 
allied. Implementing them together will simplify the overall installation 
and should effect a considerable cost reduction. Accordingly, it is 
recommended that digital communications capability be a part of the A\~ System. 
It is noted that the FCC has recognized the need for AVL systems and is now 
actively holding hearings to determine the frequencies wnich will be 
allocated for locator system usage. 

Typically the AVL system can contribute operational features which benefit 
both officer and citizen. The AVL system can be equipped to unobtrusively 
transmit a coded 0fficer-needs-help signal. Since his position is indicated 
at all times at headquarters, help can be directed quickly to him., The saf~ty 
of the citizen needing help is also increased because the officer nearest h1m 
can be dispatched, thus reducing the response time. In unusual cases the 
dispatcher may help the officer to the scene by noting his progress on the 
display and directing him over the shortest route. 

The AVL system is a key element in an Automated Command/Control System and 
a big step toward the concept of near instantaneous arrival of the officer 
at an incident site. 

, .. e:. ",~_l _ , t i. ......... - - -;r "-----." 
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RESEARCH PROGRAM PLANNED BY ORLANDO POLICE DEPARTMENT 

The Automatic VerQcle Locator Feasiblity Study is part of an overa~l plan 
to effect a I 'fusion" of personnel, technology and management tec1mlques 
toward implementation of an Automated Corrnnand/Control System at Orlando 
police Department. 

Police Administrators throughout the nation today are becoming increasingly 
aware of .the advantages which a IIfusion l

I of men and ne~ technology may ~ffer 
their operation. They visualize the added leverage whlch.the technologlcal 
tools such as secure corrnnunications, automatic patrol vehlcle locators, 
ilttormation storage and retrieval and computer aided dispatching can 
contribute to the response capabilities of their departments to~ard . 
the concept of near instantaneous arrival of officers at the cr1IDe slte. 

It must be recognized, however, that a technological fusion process 
cannot be instantaneous. It must be planned and organized such that 
each component will blend into the total system. Interfaces must be 
recogrlized, defined and reflected in the conceptual planning. A well 
planned system should have the inherent capability to incrementally 
add the necessary technical system support to meet the operational 
growth needs. This approach is being used by Orlando Police Department 
to build toward a fully Automated Command/Control System which uses 
a digital computer to perform the overall integration function. 

Three parallel areas of effort are necessary for an effective technological 
fusion process. These generally can be defined as personnel training, 
development of new management techniques and specification of technology 
requirements. Too often the focus is on technology. This approach can 
only result in a less effective system since the personnel have not 
been trained to fully utilize it and management may not have the knowledge 
or tools to direct and control the resulting system. 

Figure 2 is a logic diagram which relates the planned studies needed 
to implement an Automated Command/Control System within the Orlando Police 
Department. The initial step was the Computer Simulation of Command/ 
Control Operation project (70-04-05) which was completed in September 
1972. The simulation model was used to determine the feasibility and 
effectiveness of alternate operational methods which introduce new 
technological concepts and field force assigrunents against emergency 
and projected tactical situations. 

As spin offs from the Simulation study, a conceptual Command/Control 
Training M~del w~s tested and a Statistical Data Base is being compiled. 
The . studles 'v'hlch are w:derway or completed. have been indicated by 
shadln¥ the ar~a on. the ~lagram. The Automat~c Vehicle Locator Feasibility 
Study lS descrlbed ln thlS report. The functlon of this system is to 
c~ntinually.update t~e ~ocati~n and status of all patrol units in the . 
fJ:eld and dlsplay thlS lntelhgence on a large back lighted map for use 
of the Co~d/Control Perso~el: This force status display board would 
als,? ~e equl:pped to show the lncldents to provide a visual correlation and 
facliltate dlspatch of th.e nearest available unit. A 
study w~s required because there are a number of alternate approaches and 
the deslgn.must :-eflect the specific conditions of the Command/Controi System 
under conslderatlon. 
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Correlation/Regression Analysis is planned to provide background for a 
Resource Allocation System (RAS). Its primary objective is to provide 
management with a method to plan and control their response to a predicted 
requirement. Its forecasting capability would include predictions of the 
number, kind, time and general locations for the occurrances of incidents 
and the numbers of patrol units necessary for varying levels of service 
to satisfy their demands. 

The Computer Assisted Training (CAT) study would be directed toward 
application of advanced instructional tecfulology to meet the increasing 
training demands imposed by the increasing level of equipment sophistication. 
For example, the original Dispatch Officer Training Game would be computer 
augmented for increased flexibility and effectiveness. This c"Ould also be used to 
introduce the requirement of typing capability to communicate with the 
computer to enter and extract information thus duplicating the real 
Automated Command/Control System. It would precede the implementation 
so that personnel could be trained and available. 

The complete Automated Command/Control System would require that the 
Dispatch Officer answer the call and enter the information in the 
computer. The computer would then search its memory for any pertinent 
information on the incident site and also locate the nearest unassigned 
patrol unit. This recommendation would be displayed for decision by the 
Dispatch Officer who may override the computer if he chose. If the 
reconmendation is acceptable he could automatically transfer it for 
radio transmission to the field. 

Figure 2: 

c cr"· CAT 
Nal11.iait'.'l--_~c/c Training 
,Training Model 
Modo;LP't o L.:;.St;:.=ud4-_....J 

(Personnel) 

Data 

(Management) 

Logic Diagram Relating System Studies And Determination Of 
Design Requirements For Orlando Police Department Automated 
Command/Control System Identifies Three Major Areas Of Effort, 
Personnel, Technology and Management, Which Are Required. 
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The Orlando Police Department uses a functional organizational structure. 
The major line functions are assigned to four Bureaus - Field Operations, 
Staff Support, Administrative Services and Detention, each of wh~chreports 
directly to the Chief of Police. The Chief is supported by staff 
sections in Inspectional Services, Research and Development and Legal. 
The Department presently has a complement of 393 sworn personnel. 

The Incident Profile of the Department is reported by Part I, II, and 
III classifications,. reflecting the Uniform Crime Reporting Program, 
and a category' of Other Aided Cases. This latter category includes all 
incidents ,vhich require a response and case number but are not 
identifiable under the other categories. Orlando is presently 
experiencing an exponential increase in the crime rate. A computer 
curve fit of the data shows a projected increase of 44% within the next 
five years. It is noted also that the Part I crimes closely follow 
this projection. 

The response of the Orlando Police Department is keyed to a district 
system .. The City is currently divided into 18 districts which have 
been designed such that the normal load based on the number of incidents 
and service time requirements is relatively equal. One uniformed patrol 
car is normally assigned to each district and is responsible for a11 
complaints within that district. There are also rive sector cars 
manned by a~:istant squad leaders and five sector station wagons manned 
by squad leaders. These units are as backup for the district cars 
in theiTl"Tespective sectors. In addition service cars such as K-9 and 
traffic control are used to handle special incidents; two accident investi­
gation cars are assigned to each watch. Motorcycle and unmarked cars· 
are dispatched on incident calls only in emergencies. 

Demographically and economically Orlando has entered an explosive 
growth period. It is the Economic Center of the eight county Central 
Florida region which is one of the fastest growing in the nation today. 
It is projected that the population of Orlando will increase over 40% 
within the next five years; present population is 107,000. 

The topography is flat with many lakes which effectively increase the 
travel distance from point to point. Through annexation of large 
unincorporated areas south and west, it is expected that the area of 
the City will increase approximately 30% in the next five years. 

The cliIruite is mild and semitropical. Police operations however are 
affected by heavy percipitation and wind from tropical distrubances, 
thunderstorms, and infrequent tornadoes. 

" 
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ORGANIZATIONAL srRUCTURE OF TIlE DEPARTMENr 

The Orlando Police Department is organized on a functional basis with s~ilar 
activities combined within four operating Bureaus which rep~rt to t~e Ch1ef 
who has staff sections in Research and Development, Inspect10n Serv1ces, and 
Legal Advisemen~t~.~ __________________________________________________ _ 

Organizing as a management function can be defined as the process of ~e!p!1enting 
the overall task into controllable subtasks which are designed to opt1ID1Ze 
the specializa.tion of labor. It thus involves a gr~uping of act~vities to 
attain the objectives of the Department and delegat10n of author1ty to , 
complete the assignments. The resulting organization structur~ must effect1vely 
define the resulting activity-authority relationships and prov1de for , 
coordination among them both vertically and horizontally to ensure effect1ve 
coordination and team work. 

An organization chart is a graphic presentation of the fo~al organi~ation 
structure, and is used to define the organizational funchons, funct10nal 
relationsh1ps, lines of authority and responsibility. Individual blocks 
can be used to show a functional responsibility or title of the individual 
assigned to it. 

The Orlando Police Department uses a functional type organization structure 
as shown by the chart in Figure 3. The chart identifies the major line functions 
as Bureaus and their subfunctions as divisi()ns and sections. The rank of 
the supervisor of each section is shown together with the number of personnel 
currently assigned to the section; these figures include both sworn and civilian 
personnel. The Department presently has a sworn complement of 393 personnel. 

The Chief reports to the Director of Public Safety who in turn is responsible 
to the Mayor and City Council of Orlando. The Department is also responsible 
to a Civil Service Board for its personnel practices. 

TIle Field Operations Bureau includes two major functional areas. The Uniformed 
Division is charged with achieving a primary objective of the Department-crime 
prevention. It is organized around a patrol section which functions to 
preserve the peace, protect life and property and prevent crime. It also provides 
a substantial effort in preliminary investigation. Other activities of the 
Bureau are organized to meet specific situations in dynamic environment where 
high mobility and special skills and training are required. 

The Criminal Investigaticn Division is responsible for investigating serious 
crimes, recovering stolen property and preparing cases for court. Its 
activities are typically after-the-fact and consist primarily of identifying 
and arresting,perpetrators of major <;:rimes, and collecting and organizing 
cases to conv1ct these perpetrators 1n court. It is organized in five sections 
which are keyed to the crime type. 

The Detention Bureau is charged with operating the detention facilities. It 
is organized around maintaining the security and well being of all prisoners 
committed to the facilities. 

The Staff Support Bureau is responsible for those activities which generally 
supP?rt the ot~er,functions., It maintai~s records, processes data and 
f':lrn1shes stat1st1cal a~alys1s on ~perat10ns. The Conununications section 
d1rect1y supports the f1eld operat10ns of the Uniformed Division and the 
Criminal Investigation Division. 
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The A~inistra!ive Services Bureau also primarily performs a su ort 
funct10n. It lS charged with controlling fiscal committments' p~ . 
~~?Udg~t, and ~rov~din¥ ~e social interface with the citiz~nPc~~~~~y 
1 1n t e organ1zat10n 1t 1S responsible for all training and maintain1'n' 

persorme1 records. g 

~ef~p~cial I~vestigation Services Section is responsible for conducting 
s.a 1nspect10ns of the condition of personnel equipment 0 erations 
~nd p:ocedures and investigation of complaints ~hich al1eg~ mlsconduct' 
y any member. of t~e forc~. The ~nte11igence gathering function is 

~~sobl~<;:ated 1n \th1s.sect10~ and 1nvestigates incidents involving civil 
1S0 e 1ence, organ1zed crLme, subversive groups and labor disputes. 

~e Re~earch ~nd Deve~opment Section provides assistance to the Chief 
dls~e~l~ates lnformatlon on Department policy and performs such other' 
actlvl tles as the Chief may direct. 

Figure 3 

TABLE Of ORGAN!ZATION 
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Organization Chart Of Orlando Police Department Shows It Is 
Organized By Functional Assignment. 
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INCIDENT PROFILE 

The Incident Profile experienced by the Department has ~een ~xpre~sed in. 
terns of descriptive statistics so that trends and speclal slt':la~lons whlch 
are necessary for effective administrative and operational declslons can be 
more readily detected. 

The Incident Profile can be defined as a description of tile threats to 
the lives and welfare of the citizens to which the police departmen~ responds. 
The incidents range over a broad spectrum of types from offenses whlch 
jeopardize life to tilOse which involve simply serving a warrcu:-t. Each must 
be clearly defined in order to effectively analyze the operatlon of a . 
department and standardize if it is desired to commumicate ,<lith other ~gencles. 
To meet th.is need the Federal Bureau of Investigation organ~zed the UI?-lfonn 1 
Crime Reporting Program. Under this program the Uniform CrJ.me Reportlng Handbook 
is used to identify and c1assify offenses. 

Offense Incidents are categori..ced for analysis into three major classes. 
These are listed together with nwTIbers known to tile Orlando Police Department 
for the last three years in Table 4. The category of other aided cases 
includes accidents) unfounded cases alld those calls which required no 
response by the police. 

OFFENSE CLASS 

Part I 
Part II 
Part III 

TABLE 4 

OFFENSE BY CLASS AND NUMBER KNOWN TO 

ORLANDO POLICE DEPARTMENT 

TOTAL RECORDED 
1970 1971 

7932 
6644 
4090 

8997 
6127 
4602 

Other Aided Cases 33813 39125 

19'72 

8304 
6363 
5287 

48200 

Although the Police function is typically associated with the more hazardous 
Part I offenses, a police officer assigned to patrol is generally confronted 
wi th few serious crimes in the course of his watdl. The numbers in Table 
show that he spends considerably more time keeping order and servicing 
accidents than he does in responding to incidents tilat require arrest action. 

Orlruldo is presently experiencing a period of explosive growth which can 
only result in making the Police Department task more difficult. This 
is emphasized by reference to Figure 4 which is a plot of Part I and Total 
offenses and for OrJJando over the last 12 years; boti1 have asswned an exponential 
form. 

1 U. S. Department of Justice, Uniform Crime Reporting Handbook (Washington D. C. : 
Federal Bureau of Investigation, July, 1966) -' 
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A computer curve fit program was used to analyze this data. TIle resulting 
equation predicted a 44% increase in th.e next 5 years, as shawn in the plot 
of the projected data. 

On a working level basis the Incident Profile can also asswne added dimensions. 
For example, the incident by district typ~cally varies with the physical 
characteristics of the district. A study in Orlando based on a random sample 
showed the of~ense rate co~related most positively with population density, 
total populatIon, poverty Income and area of the district. 

The. incidents can alsq vary significantly by watch bOtil by number and type. 
TypIcally, Watch 2 experiences tile highest frequency of incidents followed by 
Watches 1 and 3. Days of the week also exhibit different Incident Profiles. 
Sunday is lowest, about 0.70 of the avera.ge ruld Saturday the highest at 1.7. 

Figure 4 
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2 R.D. Doering, A Statistical Study of Orlando Police Department Operation, 
Report to the Adrilinistrative Services Bureau, Orlando Florida, April, 1971 
(Orlando, Florida: Orlando Police Department 1971) 
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RESPONSE CAPABILITIES 

The Orland? Police Department utilizes a response system which requires 
al~ compla1nt calls originating wi thin a District be answered by the 
unlfonned patrol -w:-it assigned to the District; backup is provided by 
four Sector superv1.sory vehicles. 

The response o~ th~ Orlando Police Department is keyed to a district 
sys~em. The C1ty 15 currently divided into 18 Districts which have been 
d:slgned ~uch that the work load, based on number of incidents and service 
tlm: requ1rements, is relatively equal. One unifoTW£d patrol car is normally 
~sl~ed tQe~ch ~istrict aqd is responsible for all complaint calls 
III thln that dlstrlct. There are also four zone cars mrumed by Assistant 
Squad Lead:rs (ASL) who act as backup when required. All district cars 
are supervlsed by four Squad Leaders (Sergeants) who patrol each of the zones. 

The m~p of,the City on t~e opposite page shows the districts and their 
relatlonsh1p to the two m~jor freelvays. These fremvays, 1-4, which runs 
I?-0rth-south and US ~O, WhlCh nm.s east-west, effectively divide the City 
lnto four sectors S1nce they restrict free passage across them. 

Th~re are also special service patrol cars such as K··9 and traffic control 
Whlch are used to handle,spec~a~ incidents. Two acciJent investigation 
<;:ar~, AI 42, AI 43, are ldentJ.f1ed on the district map to handle traffic 
ln~ldents e~t and ~est,on I-4, respectively. Investigative and motorcycle 
urn ts move ln ~l~ dlstr1cts but are dispatched to complaints only under 
:mergenqr condl bons . The pr~mary assignment of the motorcycle Units 
1S trafflc control and accordlngly these units typically focus on traffic 
problem areas. 

~de~no~al conditions the st~dard operating procedure is to dispatch 
d' e , strlct patrol ~ar to serylce a complaint which occurs wi thin the 
tlstr1ct. If the prlmary car lS unavailable the squad leader may move in 

o answe: the call ~ol~owed by special assignment cars, investi ative and 
~otor unl~S gener~l~y ln that order. Since the Communications ~enter does 
not have lnformabon on the specific whereabouts of a fl' eld ' t 
within his ass' d d' t ' h' unl ,except " ,1gne lS rlct, t lS appears to be the best method of -
operabon; lt assures primary and backup coverage for eadl complai;t .. 

The Orlando Police Department averages 29 Uniformed Bureau patrol 't 
per watch. The three shifts change at 6: 30 a.m. 2' 30 . um s 
and are scheduled to provide a 30 minute ov 1 ' ' p.m., 10: 30 p .m",' 
coverage. Because of illness vacations er ap to ~sure cont:muous field 
may not be available for duty'during a w~t~~ ca~:epaJ.r" all patro~ units 
of the units to cover all distrl' cts The . lS requlres reasslgnment 'f ... , . re are a number of add't' 1 
um orme~ vehlc~es ~vailable for special dm ... y· these are ide t'~' l~n~ th 
comer 0: .. the dlstrlct map of the City..' n 1. le ln .e 

A previous studyl based on a random sample of one we " , 
data showed the average time was 4.4 minutes for all ekffoperatJ.Onal. o ense complalnts 

1 R.D. Doering, A Statistical Study of Orl d P I' 
Report to the Administrative Services Bu~a~ ~ ~ceaDepart~ent Operation, 
(Orlando, F1Jorida: Orlando Police Department'19~1) 0 Flon~~, April, 1971 
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over all shifts and days of the week. ~e h~ghes t was 7. 5 ~nutes for 
District 36 al1.d lowest 2.5 minutes for Dlstrlct 24. Referrlng to tI:e 

district map> it can be reasoned that much of the ~onger res1?onse t~me 
in District 36 rrright be attributed to the travel t1mes asso~lat~d Wlth odd 
shape and distance from end to end of the coverage area. D~strl~t 37 was 
also high, 6.0 minutes, and again the effect of the large d1TI1enslons of 
the area is apparent. 

The Departn~nt is also a member of a mutual aid net consisting of all 
Orange County Law Enforcement Agencies. Under this ,agre:m:nt ~e 
participants provide men and ~quipment to han~e m~Jor C1Vll d~sturbances. 
In addition Orlando has a Pollee I~cserve Organlzatlon whose men~ers are 
available as backup to the regular force; however their acti v~ ty is typically 
limi ted to special events such as ball games or the County Falr. 

NIW 
SGT30 
ET 31 
AI 39 

__ Otflllrn 

""'" ~I'l""'ff 
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SGTIO 
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SGT40 
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Figure 5 Reduced Scale Map of the City of Orlando.Ide~ti~ing police Patrol 
Districts shows the Relative Difference In Dlstrlct A.:eas and 
Distance which Contribute to Difference in Response Tlmes. 
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PHYSI CAL ENVIRONME.t\fr 

TIle physical environment in which the Police Department ape~ate~ is of 
concern in the study of the Command/Control System because ~t.dlrectly 
influences the incidents and the field force response capablll!y. 
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'The environment in which any system function~ influences i t~ abi~i ~ t? 
accomplish the assigned mission t.lIrough the Interfac~ relatl0nshlP~ Whl0 
are inherent in the operational Scenario. An effectIve system deSIgn WIll 
examine and define these interfaces and how they are affected by cl:anges 
in the environment so that the system can readily adapt to a dynanuc 
situation. 

The effect of the physical environment on the Commruld/Control Sy~tem occurs 
in two basic areas. Both the Incident Profile and response of FIeld Forces 
are directly dependent on the characteristics of the envi~onment. As . 
discussed earlier the incidents occuring in a given distnct CP.r1 be readily 
correlated with the physical characteristics of the district. Likewise, 
the travel portion of the system response time reflects ~e topography 
features of the district and weather conditions. AccordIngly, for purposes 
of this study the physical environment can best be described in ~e~ of 
demographic-economic, topographical and climatological characte~ls~lcS. 
associated with the City. A summary profile of these charactenstlcs IS 
contained in Table 5. 

Demographically and economically Orlando is entering an explosive growth 
period. It is projected that the population will increase over 40% within 
the next 5 years; this compares with a 30% increasE! in the 10 year period 
from 1960 through 1970. This projection reflects the expected annexation 
of additional large unincorporated areas south and east of the present city 
limits. The major population growth of the City can be generally described 
as a transition of land use from agriculture to commercial, apartment 
and residential subdivisions. In turn the population impetus is the result 
of the strong economic growth of the area reflecting regional influences 
such as Walt Disney World, Kennedy Space Center, the Naval Training Center 
and Florida Teo\nological University. Population and economics of the City 
are also geared to the large influx of tourists which occurs mostly in the 
winter months. The tourist population is now estimated to exceed 8,000,000 
annually and to contribute over $106,000,000 to the greater Orlando area. 
In addition there are a number of smaller residential communities surrounding 
Orlando, such as Winter Park and Maitland whose citizens either work in 
Orlando or move through it each day on their way to work. 

TIle topography is flat with no canyons or hills to create natural barriers' 
however there are over 60 lakes presently wi thin the City limits. Al though 
most are relatively small they effectively irlcrease the travel distance 
from point to point. Two other large barriers are the Municipal Airport 
and Na:ral Training Center both of which ~re within the City limits and 
effectIv~ly block fr~e surface movement In a large area in the eastern part 
o~ th~ CIty. Two major f:-eewafs, N-S and E-W, effectively also divide the 
C:L tf ::nto four qu~dran~s ~mpedlng movement across the right:of-w~y. Through 
proJeG~ed anneXa~l?n, It IS expected th~t tile area of the CIty WIll increase 
approXImately 30'0 In the next 5 years WIth corresponding changes in 
dimensions as summarized in Table 5 . 
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. f' d 'ld semitropical. There are no 
The clim<;Lte ca:ntbe Cl:S~n~:' ::e~er' the temperature infrequently does 
severe ':"ll;ter s onm;; d' t: In summer there are frequent heavy 
reach IJU.1}-lma~ freeZlng con 1 ;ons. t for short eriods of time. Also in 
rains WhIch Impe~e surfface m?\Te: Caribbean b~t their movement into 
late summer hurrIcanes orm In . d hurricanes typically 
Central Florida is i~freq~ent. WI:en t~~r~~~c~o 'wind damage, flooding 
~d~~~e~o~~~t~~~~l~nantheC~~~~c~r on power and telephone lines. 

DEMCX3RAPHIC 

TABLE 5 

CHARACTERISTICS OF PHYSICAL 

ENVIRONMENT IN ORLANDO AREA 

1972 1976 

140,000-160,000 
Population 

TOPOGRAPHY 

City Limits 
Area, Sq. Mi. . 
N-S Dimension, Ml. 
E-W Dimension, Mi. 

Streets, Miles 
Lakes 

WEA1HER 

Temperature, 
Spring 

OF 

Sunnner 
Fall 
Winter 

Pre cip i tation, 
Mar.-May 

Inches 

June-August 
Sept. -Nov. 
Dec. -Feb. 

Low 
31 
60 
24 
24 

3.4 
8.6 

33.8 
3.0 
2 Max. Rate In./Hr, 

PatChy Ground Fog in Winter & 

SEVERE WEATHER 

Hurricanes 
Tornadoes 
Thunderstorms 

109,000 

35 
8 
6 

414 
62 

High 
102 
100 
102 

81 

15.0 
31.4 
74.2 
11.0 

4 
Spring 

50 
11 
12 

550 
75 

Average 
72 
82 
73 
63 

10.2 
22.4 
51.2 
6.2 

Annual Average-One . 
Infrequent-Random LocatIon 
Annual Average-62 

--------_ .. _------
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REGIONAL INFLUENCES 

Orlando is the Econqmic Center for the eight county East Central Florida 
Region which,has become one of the fastest growing in the nation today. and. 
consequently is experiencing severe demands in its public safety organIzatIons 
and social service facilities. 

Knowledge of the structure and relationship of the economic, social, and 
demographic variables in the environment is essential to effectively plan 
the governmental services. It has also become increasingly evident that 
goye~nt at every level is playing an increasing role in influencing and 
gul~lng the growth pattern. At Federal and State level monetary, social and 
envIronmental controls have been instituted to guide and stimulate growth. 
At the local level government must plan and invest in recreation and cultural 
facili ties, airport and services sud1 as police. Additionally it is noted 
that at the local level the regional factors may interact strongly OJ' combine 
to accelerate and shape the growth of a particular area. 

The Orlando area is experiencing such a growth pattern and is in its second 
boom of the modern era, the first being the space boom in the late 50 's. 
F~om 1965 to 1970 Florida g~ew at the rate of 14% while the nation grew at 
5~ and the Orlando MetropolItan Area grew 38% in population. It is projected 
that fr?m 1970 to 1975 tile Orlando Metropolitan Area will increase in 
populatl?n by 31% while Florida grows 11% and the nation grows 10%. The 
met~opollt~ area has moved from 82nd to the 69th among metro areas in the 
:r:atlon durIng the past decade. 1 As shown in Figure 6 Orlando is located 
In the central part of the State midway between the two coasts. It is 
bounded by Kennedy Space Center in the east and Walt Disney World in the west. 

Ke:r:nedy Space Center. triggered a fast-growing aerospace electronics industry 
whIch has had gre~t Impact 0:r: the industrial development of Orlando. It is 
a~so a large. tOUrIst attractIon. It is generally agreed, however, that the 
sIngle. most Important ~actor in the region in the present growth pattern is 
Walt D~sney World. ThIS resort-amusement complex is presently directly 
emplOYIng 0:rer 11,000 people and attracting visitors at the rate of 10,000,000 
c;mnuall~ whIch exceeds the total P?pulation of the State. Also to be considered 
l~.the lnflue:r:ce of a new state unIversity. Florida Technological University 
w lch opened In 1968 now ~as 7,500 students and is continuing to grow. ' 

. It lS .located ~ few miles east of Orlando. In 1968 th~ Navy also 0l?ened.l~s thlrd.Re~rult T~aining Center on the northeast 
f~lnge of the CIty l1.ffilts. ThIS IS contInuing to develop on a 1 100 
slte toward a planned capacity of 8,000 recruits and 7 500 ' Nacre 
personnel. , permanent avy 

These factors combine to form a future growth profile for Orlando Area: 

o It i~ ~ major trade ~enter and is becoming a leading center for 
preCISIon manufactUrIng supported by the new technolog' 1 b ' 
presented by the University. lca ase 

o 
It enjoys a major supporting role to the aerospace activities 
centered at Kennedy Space Center. 

1 Orlando Area Chamber of Commerce, Statistical Data Orland M . 
Area (Orlando, Florida: Economic Research Department, 197~) etropolltan 
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o It has become a major tourist destination due to the drawing 
pmver of Walt Disney World, 
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o C~rporate Orlando will receive less of the total population influx 
into the County, although it ~ill.continu~ to grmv.at a.phenomenal 
rate through annexation, multlfanuly hOUSIng and hIgh-rIse structures. 

It is noted however that all these gains are not without problems. With 
popUlation growth co~es increases in crime and so~ial needs. A tendenc::y on 
the part of the disadvantaged in other. are~ to ffilgr~te to boom a:eas 1~ 
standard and the Orlando Area is experIenCIng somethIng of a straJ.n on. Its 
social s~rvice facilities such as the Salvation Army housing ~or tr~slents. 
Impartial observers probably would say that crime in~reases, ~ncluding th~ 
use of drugs, have been about what you would expect In a grmVlng metropoh tan 
area of the size of Orlando. 

Figure 6 

GAINESVILI.E '> 

~". \ 
~ 

! 
r-LORIDA TECHNOLOGICAL 

UNIVERSITY 

WEST P-"LM 
BEACH 

Map of Florida Mainl':1ld Shows G~.ographical Location of Orlando In 
Relation to Otllcr Major PopulatIon Centers. 



SECTION V 

ORLANDO POLICE DEPAR'll1ENT 

COMMAND/CONTROL SYSTEH 

o Command/Control System Organization 

o Functional Analysis of Co~nand/Control System 

o Dispatch Officer 

o Radio and Teletn)e Operators 

o Uniformed Field Patrol Force 

o Command/Control Center Communciation Equipment 

o Control Console 

o PREP Radio System 
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A Police Command/Control System includes specialized personnel and 
equipment whose activities must be planned, organized, directed and 
controlled to most effectively protect lives and property of the 
citizenry. 

A key element in the System is the Communications Section. It 
provides a point contact between the inside world and the field 
forces, integrates the sources of information and has functional 
authority to direct and coordinate the field activities. Input to 
the system can be initiated by the public via telephone, other law 
enforcement or public service agencies via telephone, radio or teletype 
and field units via radio or telephone. Typically an input requires a 
data screening and analysis at the Complaint Desk station, information 
dissemination at the Radio and Teletype stations and information 
renewal at Teletype station. 

Staffing the Communication Section for continuous operation requires 
personnel skilled in these three work areas. An average watch manning 
includes a Supervisor, t1vO dispatch officers, one teletype operator 
and two radio operators. Personnel are trained in the functions of 
each work station so that they can relieve each other as required. 

The field patrol units are organized under a Watch Commander with four 
Sector Commander's supervising the Patrol Units in their sector. Each 
patrol unit has an assigned area or district in which they cruise and 
respond to calls. A patrol unit receives and resl)onds to a dispatch 
order from the Communications Center. All assignments are monitored by 
the Sector Comnander and other patrol units, and tIle Sector Commander 
may modify the dispatch order based on his knowledge of the field situation. 

Operation of the system requires special communication equipment. All 
voice communications via radio and teletype are recorded on a continuous 
time synchronized tape. Department radio communications are via four 
channel UHF equipment which is designed as a PREP (Personal Radio 
Equipped Police) system. 

This permits two-way officer to officer or officer to headquarters 
communications. Several ~{F channels are also available for vice and 
investigation communications ~sr~quired and one for intercity~pdlice 
transmissions. The teletype system is tied to both FCIC and NCIC. The 
Complaint Desk and Radio Operator stations are cOIDlected by intercoms 
and have multi-extension phones for incoming calls and direct lines 
to F.H.P., O.C.S.D., Electric Securities, Fire Departments and ambulance 
services. A Force Status Board located in the Radio Room is visible at 
the other stations and maintains the status of all patrol and detective 
units on watch. 

w~~.~ ___ ~"""""=====~--------
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CO~~/CONTROL SYSTEM ORGANIZATION 

The organizational structure of the Connnunications Section reflects the 
functional authority \~lich it has been delegated in the Connnand/Control 
System to discharge the task of connnunication interface between Field 
Forces and calls for service. 

1be Communications Section organizationally reports to the Captain in 
charge of the Records Division. It is charged with providing an 
effective connnunications interface between the person calling for 
service and the field forces, between various units of the Department 
and other law enforcement and emergency agencies. The Center is 
responsible for manning telephone, teletype, telegraph, computer terminal 
and radio communication fa.cilities necessary to provide effective 
Connnand/Control connnunications capability within the Department. The 
unit thus has both an operational and technical orientation. 

The organization structure C011Sists of three operational groups--­
Radio, Teletype, and Dispatch as shown on the Organization Chart in 
Figure 7. Personnel staffing consists of both civilians and sworn 
personnel. Typically the Radio and Teletype operators are civilians 
and the Dispatch or Complaint Desk position utilizes both sworn and 
civilian persOlmeL The current number of assigned staff in each 
position is shown in the small box in the corner of each block of 
the organization chart. 

TIle Connnunications Section Supervisor is responsible to the Captain 
for the effective operation of the Section. The duties of this position 
include typical management fU.'lctions such as planning, organizing, 
staffing"d~recting and controlling. It is noted that the planning 
and organ1z1ng functions are unique in that the internal policies and 
operating procedures of the section must directly reflect and complement 
the operational field forces procedures. 

It iS,important t~ no~e t~at the,Communic,:,-tions Section has been assigned 
functlOnal authorlty 1n dlspatclllng the f1eld forces. This is necessary 
to preserve the unity-of-connnand principle which is essential for ' 
effective response., TIle,li~e responsibility for response by the field 
forces however rema1ns 111th1n the Uniformed Division, and the watch or 
sector connnander may modify a dispatch order based on his assessment 
of the field situation. 1Vhen this procedure is used, the field 
commander must realize that he is interrupting the normal event chain 
and. is n01{ assuming resl?onsibility for dispatch. He must ensure that 
he 1S aware of all serv:c~ ~eeds ffi:d can respond to them appropriately. 
He also,has the respons1b1l1ty to 1nform the Communications Section via 
the Ra~lo Opera!or of the new dispatch assignments and that he is now 
return1ng functlOnal authority to the Section. 
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gnd~r the supervisor in direct line command are the Dispatch or Compla~nt 
es perso~e~., When the Supervisor is not in the Connnunications Cent~' 

the responslb1l1ty o~ connnand rests with one of the Dispatch officers' , 
In ~he genera~ funct10ns of the Connnunications Center, the Dispatch . 
of~lcer coordlna~es the ~adio, and Teletype operations to ensure a smooth 
or erly flow of ln~ormatlon ~d assignments to the field units. 
Unu~ual telep~one lnputs or 1ncidents are reported to tl1e Supervisor or 
actlng supervlsor for disposition. 

~e Radio and Teletype operators also report to the Supervisor Each has 
dlrect r~spons~bility ~ithin th .. ' total Command/Control functio~ and 
must adv:se the Superv1s~r of unusual comr.Lunications and/or incidents. 
Both RadlO and Teletype 1nteract with field forces and with the Complaint 
Desk. A~l Broadcas~s received from N.C.I.C. and F.C.I.C. must be approved 
bY,the Dlspatch Offlcer ~efore T~letype can r~lay the information to Radio. 
ThlS ensures that there lS no un1ntl3ntional repetition in information 
broadcast to the field units. 

Radio Unit 

Radio 
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FUNCTIONAL ANALYSIS OF CO}1HAND/CONfROL SYSTEH 

Four operational modes must be defined in order to ensure that all the 
functional steps within the Communications Cent~r can be, accurately 
described and keyed to interactions with the Um.f~rmed Fleld Force, 
other Public Safety Agencies and the General Publlc. 

To discharge its mission the Communications Center must interface 
with the General Public, all police functions within the City of 
Orlando and other law enforcement and Public Safety Agencies. In 
addition there are a number of operational modes to be considered 
which add to the complexity of the system since each interface may 
require a different response from the Center. For example, ~he 
actions may include giving watch personnel assignments, call1ng an 
ambulance, answering questions on laws, relaying inform::ttion and 
dispatching police units. Each response may involve one or more 
components of the Command/Control System which must work in unison 
to perform the function. Although procedures exist, they clearly cannot 
cover all situations and required actions. It is possible,however,to 
categorize the response by type of operat:Lonal modes required. 
Accordingly, four operational modes were defined to analyze the 
Command/Control System. The result was a functional analysis which 
described the actions of units in the System, given a specific 
operational mode. The operational modes are listed in Table Q together 
with their definitions. 

The first operational mode is termed Routine. TIlis mode includes 
normal daily activities which do not result in a permanent case or 
file number. The Dispatch Officer's action includes answering an 
information request on a call that requires a 602-09 form. The 
routine functions of the Teletype Operator would be a query to NCIC or 
FCIC and find a negative response to the questions. The radio operator 
routine operational mod.e requires monitoring the assigned channels and 
transmitting 602-09 assignments. Interactions between the Connnunications 
Center and the Uniformed Fi;3ld Units exists in the Routine mode. 

The Incident Mode does not differ significantly from the Routine. 
The 602-03 form is completed by the Dispatch Officer,however, which 
creates a permanent file on the incident. Typically in~ the. Incident Mode 
a crime has been committed or a suspect arrested. The functional 
responsibility for clearing the case is with the Field Unit and the 
responsibility for dissemination information in aid of the unit is 
with the Communications Center. 

Whenever an in-progress crime is reported, or a 'unit-needs-assistance' 
call is received or any personal injury is reported all lmits of the 
C~nrnunications Section and Field Forces assume the Emergency Operational 
Mode. This mode may be initiated at the COIlUJlunications Center when a 
Field Unit witnesses an armeu robbery, 
a routine identification check results in hot pursuit or when an 
~n scene , unit requires assistal?-ce., The Emergency Hode requires close 
lnteractlon between the CommunlcatlOns Center and the Field Force. 
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The final mode requires no interaction between the sections of the 
Command/Con~rol Syste~. TIle Internal Mode is comprised of operations 
or tasks whlch are unlque to the subsystem involved. 

Fo)' each mode.a.d~tailed functional flow diagram relating the major 
su~system actlvltles was prepare~; this has been included in Appendix A 
f~: re~erence. The true c~mp~exlty ~f the operation can only be 
vl:,~uallze~, however" when It. lS reallzed that at least 3.4 uniformed 
pat.-rol unlts may be ln the fleld and each may be in any mode. TIle 
Command/Control Sys~em mode depends upon tlle type call being processed, 
~he type.of call bEJlng answered on the telephone, the type of teletype 
l~forma~lon requested and the type of radio traffic existing at any 
glven tlffie. ' 

TABLE 6 

DEFINITIONS OF SELECTED OPERATIONAL MODES 
FOR THE COMMAND/CONfROL SYSTEM 

RO~ltine mode, - nonaal nonemergency and/or general 
dally operatlon of Command/Control System which 
does not result in a case or file number. 

Inciden~ mode - those daily operations which would 
r~sult l~ a case number being required, but 1~lich 
dld not lnclude any personal injury or require 
more than one regular patrol unit to answer call. 

Erner those operations which arise 
from inci ents requiring response by more than 
one regular patrol unit, personal injury and/or 
in progress crimes. 

Internal mode - those periodic operations or 
function.: which are unique to the several 
subsystem operations involved in the Command/ 
Control System. 
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DISPATCH OFFICER 

Whether answering general infonnation questions or gathering l?e::tinent 
facts, the Dispatch Officer must be thorough, tactfl:ll and effIclent 
because hE~ is the primary interface between the POIIC~ DeP':lrtment ':lnd 
the GeneraLI Public and his ability to obtain the requned Infonnatlon 
and act accordingly contributes directly to the success of the Department 
in its Dri~rSy~m~i~s~s=i~on~. __________________________________________ __ 

Telephone calls from the general public account for approx~~tely half 
of all the: calls answered by the complaint desk. The remaInlng calls 
originate from other activities within th~ pol~ce department and other 
law enforcement agencies such as the Florlda Hlghway Patrol and Orange 
COWlty Sheriff's Department. 

The general public calls the police d~p~rtIl1ent ~h~n it nee~s eIl1erge~cy 
aid, wishes to report a crime or.susplClOUS actlvlty, or ~lmply de~lres 
infonnat:i'.on. In Orlando the Pollce Department 'emergency number IS 
on the front inside cover of all telephone directories and on every 
'marked' patrol uni t. Dialing this nlUTIber will automatically place 
the caller in contact with a Dispatch Officer at th~ Connnru;-d/Control. 
Center. Al though the caller may never see this. offIcer, hI~ v~r~ llfe 
could depend on the officer's decisions and actlons. To thIS cI~lzen 
the Dispatch Officer is the Police Department; how he con~ucts Illmse~f 
over the phone will be equated iV'ith the actions of all unlfonned pollce. 

Until it is detel1nined otherwise, a call to the Dispatch Officer must 
be considered an emergency. The call mllst be answered, infonnation 
obtained, all requi5ite forms completed and a patrol u~it disp~tch?d if 
required, within the shortest possible time. How the Infol1natlon IS 
obtained is based on training and experience, but the same general 
information is required on each incoming call before any decisions can 
be made. 

The Dispatch Officer must determine. 
o Name and location and telephone number of the caller; 
o Location of the incident; 
o Nature of the call, that is, to report a crime or disturbance, to 

report an accident, or to request infOl'mation; 
o Names of any involved persons; 
o Whether the call required immediate or emergency assistance, such as 

an ambulance. 

With this infonnation the Dispatch Officer detennines if the site 
is within the Orlando Police Department jurisdiction, whether a 
patrol unit should be sent, an ambt'lance or other assistance should be 
dispatched, and if a case nLllPber for a permanent police record is 
required. These decisions have to be made for all incoming calls, 
although the order in which they are made typically reflects the 
experience and training of the individual Dispatch Officer. 

If a ca1l is determined to require service whe1'e the Orlando Police 
Department has no jurisdiction, the Dispatch Officer may either record 
all the infol1nation and then relay it to the appropriate agency? or 
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he may interrupt and give the ca1ler the telephone number of the 
appropriate agency if it is a non-emergency type call. 

If a call does require a police response, the Dispatch Officer 
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completes either a 602-09 or a 602-03 form. These f011115 sunnnarize the 
information pertinent to the call and enable the Dispatch Officer to 
indicate the patrol district and patrol unit to be assigned if available. 
The 602-03 form is completed whenever a patrol unit is required. The 
602-03, however, has a sequenced record number in the top right corner 
and is completed when a police report fdle will be created on the 
incident. When either form is used, the time of day and date is 
electronically stamped on tIle card before it is deposited in a conveyer 
belt, which transports it to the Radio Operator. 

Table 7 sho,"m below, lists the responsibilities of the Dispatch Officer 
and shows that he has duties other than answering the telephone. All 
'messages' or 'local-look-outs' must bl'; approved by the Dispatch Officer. 
This is don~ to minimize the broadcasting repetitive infonnation to the 
field units. He is also responsible for informing owners of businesses 
where burglaries have been attempted, and notifing other law enforcement 
agencies of the incident which could affect communities outside of the 
city. He is the advisor as to which units to dispatch and the source 
of information to the field unit relative to pertinent information on 
the incident, such as the general mood of the caller. The Dispatch 
Officer interfaces with all other functions within the Command/Control 
System, other areas of t~e.Orlando Police Department, other public 
safety agencies and the general public. He is the focal point of force 
status and complaint information which is the nerve center of the 
Command/Control System. 

TABLE 7 

LIST OF FUNCTIONS PERFORMED 
BY DISPATCH OFFICER IN 

DISCHARGING HIS RESPONSIBILITIES 

o Monitor and answer all phone extensions within 
a specific number of rings. 

o Ascertain nature of call 
o Ascertain jurisdiction 
o Detennine the nature of assistance required 
o Complete 602-09 or 602-03 
o Locate district in which report pertained 
o Record time received and time given to radio 

operator 
o Complete 602-03 from field request 
o Contact responsible persons of burglar alarms or 

reported B & E's at their place of business 
o Notify lai<! enforcement agencies of serious crimes 
o Complete 'local-Iook-out' form from T/T or phone 

information 
o Sign T/T 'message' fonus for broadcast 
o Contact local news media of information for broadcast 

to public to assist police. 
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RADIO AND TELETYPE OPERATORS 

The Radio and Teletype Operators are an essential part of.the.Corrunand/ 
Control System since they provide the respective informatIon Inte~faces 
between the Dispatch Officer and Pield Force and the Dispatch OffIcer 
and other police and public safety agencies. 

A continuous flow of information must be exchanged quickly and reliably 
between the Corrununication Center and Field Forces in order for the 
Corrunand/Control System to operate effectively. TI1e Radio Operato~ relays 
dispatch assignments and information to the patrol units and receIves . 
request for clarification and/or additional information via four channel 
UHF radio. Additionally this position can corruntmicate via radio and 
direct telephone lines with other regional law enforcement agencies and 
fire and ambulance services. 

Inputs to the Radio-Operator may originate from four sources: 
o A form completed by the Dispatch Officer; 
o Monitoring the City wide alert channel; 
o A 'message' from the teletype operator via the Dispatch 

Officer; 
o Field force requests via radio. 

The actions by the Radio Operator have been keyed to the respective 
input sources and stnnmarized in Table 8 on the opposite page. These 
operational steps are designed to assign a patrol unit, investigative 
vice unit, K-·9.or 'motor' unit to the area of need as quickly as possible. 
To facilitate determination of the nearest available patrol unit a Force 
Status information system is used which indicates all units assign~:l 
on the particular watch together with their primary assigned district and 
their immediate status. 

W1en a card is received via the conveyor belt, the Radio Operator checks 
the Force Status Board and calls the designated unit if available. The 
time at which the unit is called, and the time when the Radio Operator 
has completed transmitting the information to the unit are recorded on 
the form by time starnp. This card is then filed in the numbered slot 
in an electronic status file corresponding to the number of the unit 
dispatched. This action causes a light keyed to the unit on the Force 
Status Board to change from green, which signifies the unit is available 
to red, which signifies the unit is on a call and not available. ' 

Wlen the unit arrives at the incident site it calls the Radio Operator 
and reports 10-6 or .'at the scene'. The Radio Operator then removes 
the Dispatch form from the s~atus file slot, stamps the time reported 
10-6, and replaces the form In the status file. At the discretion of the 
Radio t?PeratOl', a s~a~us ::he::k of t~at unit. may be instituted by calling 
the unIt and determInIng If It reqUIres aSSIstance. A status check is 
recorded on the revel'se side of the form. This status check is routine 
when an 'in progress' crime call is being answered or when an unusually 
long time has passed before the unit has cleared the scene. When the 
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pat::ol unit has co~le~ed ~he assignment, it rleports code 10-8 to the 
Rad~o.Operator; thIS tlffie IS also stamped. The Radio Operator is also 
notIfIed when a patrol unit requests a change of status. This may be 
instituted to indicate unavailability due to mechanical difficulty 
or.investigat~on of observed suspicious activity, for example. When 
~hl.s request IS made, a form ''lith the patrol unit number and location 
l~ stamped and put in th~ status file; t'his causes the corresponding 
lIght for that patrol unIt to show red on the Porce Status Board. 

In~ut to the T~letype ~T/T) Operat~r may occur from a departmental field 
unl.t. The NatIonal CrIffie lnfol1natlon Center eNClC) or the Florida Crime 
Information Center- (FCIC). lAJhen a field unit requests information, it 
calls on a Uh~ channel, other than the dispatch channel, directly to the 
T/T Operatqr. If T/T Operator has the requested information on file 
the res~onse is immediate. Othen'lise a query is referred to NCIC and/or 
FCIC and the results transmitted via radio to the patrol unit by the 
T/T Operator. 

NCIC and Fcrc also communicate to all law enforcement agencies inf01JJJatioIl 
on stolen items, persons wanted and other pertinent infonnation. The T/T 
Operator receives this information, updates the appropriate files and 
relays the pertinent information to the Complaint Desk and other Bureaus 
as appropriate. 

TABLE 8 

FUNCTIONAL RESPONSIBILITIES OF THE 
RADIO AND TELETYPE OPERATORS 

RADIO 0 Obtain 602-03 
FUNCTIONS 0 Assign nearest field patrol unit or units to investigate .. 

reported incident 
o Record dispatch time, unit arrival time, and unit clear time 
o Perform unit status check 
o Monitor channels for units requested change of status or 

requesting aid of information 
o Relay information to the field unit as requested 
o Monitor status board to keep it active and current 
o Complete 602-03 per unit request from field for esse number 
o Monitor 'intercity' radio frequency and complete tlocal-look-out' 

form 
o Broadcast information from 'local-look-out' 
o Send 'local-look-out' fOl1n to complaint desk 
o Broadcast information from 'messages' to all channels for 

all units 
o Relay by phone if field unit requests special units (non O.P.D.) 

TELETYPE 0 Relay information to field units via channel 1 
FUNCTIONS 0 Record 'messages' from T/T or phone 

o Send 'messages' to complaint desk 
o Broadcast via T/T to other law enforcement agencies 

information requested 
o Broadcast to NCIC and FCrC informatio11 requests and answers 

to information requests 
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UNIFORMED FIELD PATROL FORCE 

The field operating units of the Unifonned Divi~ion.are ~rganii~d on.three 
levels of line authority each of which may receIve funct~on~l ~Irectlo~ 
from the Comrnunications Section in order to discharge the mISSIon of t e 
Department. 

'fhe police function can only be s~rve~ by a co~certe~ ~eam effor~ between 
the unit on patrol and the CommWllcatlons SectIon .. 1111S effort IS two. 
fold. First, communications necessary for the aSSIgnment of patrol um.ts 
to the areas of need must be concise and accurate. Secondly, all 
unnecessary or personal air traffic must be mi~imized so that the 
necessary communications can be broadcast. TIllS te~ ef~ort also includes 
informing the Communications Center of any c~anges In unlt status or 
change in nonnal patrol assiOJ1ll1ent during the watch. 

At the first level of authorIty it is the Watch Command~r\'s I?rimary 
responsibility to ensure a te~ effort existsT.between Ins .unIformed 
field units and the Communicatlons Center. hlS more detal~ed . 
responsibilities are supervisory in nature and are liste~ 111 Ta~le 9. 
The Watch Commander has responsibility for all.pat~ol unltS durIng. 
his watch, monitors all the channels of conununlCatlOn, and may red:rect 
the assignment of units by the Conununicatio~ Center. In any ~easslgnment 
of tulits the Communications Center must be Informed to establlsh a 
primary responsibility for each call. 

The second level is the Sector Conunander. As a first line supervisor, 
he is assirned a quadl'ant of the City which contains several Distric~s 
and is responsible for the supervision and training o~ the patrol.unlts 
in his sector. In the field the Sector Conunander monltol'S all unIt 
assignments in his sector and may modify these as his ~xperience and 
knowledge of field conditions indicate. He also fun~tlO~S as a patrol 
tulit which is available for assignment by the Cormnunlcatlons Center. 
This is not common but does occur when a serious incident is reported 
and no other units are available. 

The Sector Conunander will assist any patrol unit in his sector as the 
type of call indicates. This backup may be simply patroling the ~is~rict 
until the unit on assi~ent is again available, or it may mean dIrect 
supervision to train aO patrol unit in teclmiques of investigation, Tules 
of evidence, or other pertinent police procedui':)s: 

His responsibilities also 
include administrative duties such as inspection, scheduling extra duty 
and vacations and counseling the men under his supervision on personal 
or professional problems. He reviews the crime statistics and training 
progress for his assigned area on a periodic basis and must also 
investigate reported misconduct and submit 19Titten reports. 
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The third level of responsibility is the Patrol Unit. After the watch 
briefing meeting~ the unit proceeds to the assigned district and relieves 
the on-duty ~it. While on patrol the unit will receive and acknowledge 
assignment from the Communications Center and the Sector and Watch Commrulders 
After each assignment the unit resumes patrol activities. If while on . 
I?atrol, when the ~it.stops to investigate suspicious activity, it must 
Inform the CommunIcatIons Center of its location and t}le type of activity. 
During the investigation the unit may require infonnation as to stolen 
goods or warr~nts: This information is avai~able through the T/T Operators 
of the CorrrrnurllcatlOns Center. The patrol unIt and the Communications 

·Center form a team in which each is dependent of the other to discharge 
his responsibilities to the Department. Regardless of the level of 
authority and responsibility of the patrol unit, a concise flow of 
information to and from Communications Center is essential for the 
effectiveness of the patrol unit. 

WATCH 
COMMANDER 

SECTOR . 
COMMANDER 

PATROL 
UNIT 

TABLE 9 

THE FUNCTIONAL RESPONSIBILITIES OF 11m WATCH 
COMMANDER, SECTOR COMMANDER AND PATROL UNIT IN 

THE UNIFORMED DIVISION 

o Monitor E/W vicinity assignments via radio (channel 2 or 3) 
o Investigate vicinity calls 
o }'Ionitor personal air traffic 
o Enforcement of civil service and O.P.D. rules 
o Review and recommand disciplinary action 
o Review manpower distribution with'the sector commander 
o Review crime statistics by type and location with sector 

commander 
o Listen to personal problems of men that the sector conunander 

could not handle 

o Honitor all district calls . 
o Modify car assigrunents made by radio operators as required 
o Bach~p all serious calls 
o Notify watch commander of any unusual problems and/or calls 

in his sector 
o Investigate misconduct and report to watch commander via 

wTitten report 
o Review crime statistics and manpower distribution with watch 

commander 
o Prepare vacation schedule 
o Listen to personal problems of men 
o Conduct 15 minute watch inspection 

o Patrol assigned area 
o Receive assignment via radio 
o Acknowledge assignment via radio 
o Ackn01vledge arrival on site 
o Request information from T/T or CommUIlications Center 
o Relay information to other units 
o Request change of status 
o Respond to s~ctor commander or watch conunander field conunands 
o Request additional units ffild/or special lmits (non O.P .D.) 
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COMMAND/ CONfROL CENfER COMHUNI CATIONS EQUIPMENT 

The specialized tasks 'of a Command/Control System require sophisti~ated 
COl'rll11unications equipment for the effective operatiop of the Complalnt 
Desk, Radio and Teletype 'vork stations. 

Each work station in the Communications Center is equipped with special 
equipment designed to provide the corrmlunications needed to accomplish . 
that function. The Dispatch Officer, Teletype and Radio Operator functlons 
form an interdependency network of sequential operations which requir~ 
a reliable multiple mode communications network and which in turn varles 
with the response made of the Command/Control System. Figure 8 is a 
layout of the Communication Center and shows the location of all 
communications equipment relative to the ,vork stations. 

The communications equipment at the Complaint Desk station manned by the 
Dispatch Officer consists of a multiextension phone for each desk and an 
electronic security alarm system. Each phone has the maximum capability 
of 29 direct extensions or lines. At the present time not all lines are 
assigned, only eight direct lines are active. TIlese include two connected 
to the Fire Department, one to Florida Highway Patrol, one to Orange County 
Sheriff's Department, one to Electronic Securities Company, two to 
ambulance companies in the area, and one to a towing service. Six emergency 
number direct lines are also in service. When the caller dials 843-5000 
the call will automatically be routed to a line which is free. Each phone 
is also equipped for intercom communication with the two Radio Operator 
stations, the Information Desk and with each of the other Comp:.u.int Desks. 
A Wells-Fargo type signal system is mounted on the South wall of the 
Complaint Desk room. TIlis is a direct to station alarm system with 24 
locations presently .connected. It is actuated by a company alarm circuit 
which automatically lights ~le monitor panel, and sounds an alarm. 

A multichannel, multideck tape recorder is also installed in the Complaint 
D~sk room. This provides a continuous record of all telephone inputs 
and outputs at the Communications Center and the Information Desk as 
well as all radio transmissions. 

TIle teletype equipment consists of one I.B.M. 2740 teletype machine 
which is connected directly to the NCIC and FCIC networks. A R.C .A. 
70-752 Video display is connected to the Orange County Criminal Control 
System and is used to store and retrieve information from a computer 
on a County ,vide basis. Two single extension telephones and a single 
channel UHF r~dio complete the physical communications equipment at the 
T~letype statlon. Support equipment includes a time stamp, Line~O~Dex 
flle system for loc~l i"arrants, and a typewriter. 

Th~ radio.room houses the major portion of the communications equipment. 
TIllS conslsts of a duplex channel UHF 'PREP' Radio System. Transmission 
towers, are loc~ted on the City Hall and Criminal Justice Building. 
Sate~llte.recelve:s are loc~ted,at strategic points around the City to 
provlde hlgh quallty communlcatlons between officer to officer and officer 
to headq~arters basis. Radio control is through two consoles each Inanned 
by a Radlo,Oper~tor. TIle console also has two telephones, one for 
e~er¥ency lncomlr:g cal~s and the other for direct line communications 
SlffiUllar to the Complalnt Desk telephones. The emergency phone is used 
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only when activ~ted b~ the Complaint Desk personnel. TIle Radio-Operators 
als? have ~ radlo paglng system for City officials and high rankin 
pO~lce ?fflcers. Support equipment consist of a Force Status Boar~ 
wh~ch dlsplays the ::;tatus of all on duty police personnel It is mo 't d 
and updated manually'. by the Radio Operator. . nl ore 

EQUIPMENT LIST 

1. 
2. 

3. 

4. 
S. 
6. 

7. 
8. 
9. 

10. 

11. 

Telephone 
Electronic 
Security Alarm 
Tape Recording 
Equipment 
Teletype 
Video Display 
Single Channel 
Radio 
Time Stamp 
Typewriter 
'PREP' Radio 
Emergency 
Telephone 
Force Status 
Board 

1 
o 
c 
k 
e 
r 
s 

Rest 
Room 

5 
8 

1 
4 
6 

T 
e 
1 
e 
t 
Y 
p 
e 

Storage 

2 

Office-

Radio-Operators 
Room 

Active Status 
File 

Card 
Conveyor 

3 

M 
a 

ELl [CJ 
P 

U [SJ 
Complaint Desk 

Room 

, Figure S~t. -. . ~ Maj or Equipment Locations For Each Specialized Task 
of Command/Control System At The Communications Center 
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CONTROL CONSOLE 

The Radio Operator work station requires the most sophisticated communica­
tions equipment in the Communications Center complex because it must 
interface with the field forces and outside agencies as well as the 
other work-stations in the Center. 

The Radio Operator work station is the coordination point for all incoming 
and outgoing communications between the Communications Center and the 
field forces. It is manned by two operators who share the workload on 
an East/West division of the City. Two control consoles are provided and 
each is a duplicate of the other to provide the capability of operational 
redundancy. 

AUXiliary equipment includes Force Status Board and Active Complaint 
Status File. The interface equipment consists of a Complaint Card 
Conveyer to move assignment cards between the Complaint Desk and Radio 
Operator work station and the radio and telephone communications network. 
Figure 9 is a pictorial diagram of the work station identifying the 
equipment and showing how it is located to facilitate the operational 
functions. 

The radio communication controls are directly in front of ~le operator 
since this is the most frequently used portion of the equipment. The 
console is equipped to monitor the four Orlando Police Department channels 
as well as Orange County Sheriff's Department and Florida Highway Patrol 
transmissions and other selected local police agencies. TIle operator can 
selectively transmit and receive on the four UHF channels or on all 
frequencies at once in an emergency. Radio communication is also provided 
to the loc~l l?olice agency network. A headset microphone is normally used 
for transmlSSlon but a console mounted microphone can also be used. 

The telel?hon~ are located at the le~t of each operator. One is a mUltiposition 
set dupllcatlng those at the Complalnt Desk station. Another handset 
is provided for push to talk communication to the Sheriff, Florida Highway 
P~trol, local ambula.J?-ce s~rvice and Fire Department. The operator can 
elther t~l~ and recelve wlth the handset or switch to a speaker position 
fo~ recelvlng. The console also contains 12 push to alert switches 
Wl1lCh are used to reach selected command officer personnel. 

The Force Status Board is centrally positioned above the consoles between 
the Radio Operator position. The Board contains a back illUminated 
~ap o~ ~le City wit11 each patrol district outlined and identified. To 
ldentlfy each p~tr?l unit tl!e B?ard has two small, lights one red and one 
gree~ located Wl thln ,each dl~trlct. . To each side of the map there are 
blod,s of ~umbers. corre~pondlI:g to vlce, . dete::tive , K-9, motorcycle and 
?ther speclal P?llce unltS w]llch can be lllumlnated to indicate the unit 
ls.on duty and lt~ status. The Board thus provides the status of every 
urut on duty by elther a red or green light. All units on the Forc~e 
Status Board are equipped with a PREP radio. -
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Connected with the Force Status Board is the Active Complaint Status File. 
TIlis File is designed for the temporary storage of computer size assignment 
cards. The Status File is wired to the Force Status Board so that when a 
card is placed in a numbered slot in the File the corresponding number on 
the Force Status Board changes from green, which indicates available, to 
red, which indicates unavailable for assignment. At the beginning of each 
shift the RadiO-Operator verifies which special units are on duty and turns 
the corresponding light on the Status Board to green. Then as assignments 
are made and aSSignments completed the Status File and Force Status 
Board indicate the status of all on duty units at any given time. 

Seated at the control console each Radio-Operator can communicate with any 
on duty field unit using the PREP system, know the status of any unit, 
communicate by direct lines to other local law enforcement agencies, fire 
and ambulance, as well as communicate with the Dispatch Officer via intercom. 
The Control Console with its components is the heart of the Command and 
Control System Communications. 

FORCE STATUS BOARD 
RADIO EMERGENCY TELEPHONE TELEPHONE 

COMPLAINT CARD CONVEYOR ACTIVE COMPLAn.n,' STATUS FILE 

Figure 9 Photograph of the Radio Operator lVork Station Showing Major 
Equipment Positions. 
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PREP RADIO SYSTEM 

1he primary element in the communications network is a ~~P (Perso~al . 
Radio Equipped Police) System which provides reliable VOlce communlcatlon 
among individual field units and between the Commlli!ication Center and all 
field units. 

The Orlando Police Department PREP communications system. incorporates 
some of the latest technological and system design technlques. The 
system is a four-channel duplex UHF radio network designed to cover.an 
area of approximately 25-mile radius. It utilizes four base .transmltters, 
one for each channel with radiated power output of 250 watts. The 
antennas are located atop the City Hall and Criminal Justice Buildings to 
decrease the vulnerability of the System to hostile acts by individuals 
or the natural envir0~~ent. 

The satellite receivers subsystem consists of 3D receivers, one for 
each channel located at nine sites. Those sites are strategically 
located on elevated structures within the City and immediate surrowldings 
so that the receivers will pick up all signals within their area. These 
are demodulated and the audio signal is relayed through land lines to 
the Corfnnunication Center. Since more than one satellite station will 
receive a field signal a signal comparator at the Center is used to select 
the optimum receiver and releasethe others. This selection is accomplished 
on signal strength which is coded at each receiver station. 

The performance of the systenl has been excellent. Good voice cOmnlunications 
can be established any\vhere in the coverage area using one watt portables. 
In addition there is no apparent degregation in system capability when 
a receiver site is disabled. Figure 10 relates the system coverage to 
the City configuration and satellite receiver sites both existing and 
planned. It is noted that coverage can easily be extended by addition of 
more receiver sites. 

Each police officer i:-, issued a one watt portable transceiver when he 
goes on watch. Th.;;; unit clips to his belt and has an extension speaker­
microphone which fastens at the shoulder. Normal operation is push to 
talk duplex, although some units can operate simplex channel for local 
(stake-out) activities. Mobile units are not used since each officer 
can be reached at all times through his personal unit. 

There are basically four configurations of the portable transceivers: 
all have the same power. The model used by the unifonned field officers 
has !WO channel (1 & 2 or 1 & 3) capability. Those used by detectives and 
speclal forces operate on channel I with either channel 2 3 or 4 for 
standby. ~es~ units can also be equipped to operate on ~dditional 
frequency ln slmplex mode. Command officers are issued units which have 
all channel capabi~~ty. ~~ ~taff.m?~el has ~our channels with paging; 
.th~~e . are used by. ~.l:rect?r.' C?f Pt:tbllC' S~TVices ,." C,hief of-Police, Ci ty \~ 
ACounclL members ;" and pollce offlcers w1th rank of Major. 
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~ multiple position battery charger and radio storage rack at head t 
1S used t? refurbish and check each unit. Radios are assi ned on ~uar ers 
~~;~~d~as1s such that each is equipped with a fresh batteJ when it is 
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Figure 10 .Map Of.Cit~ Related To System Coverage Shows Range Of 
Cornmun1catlon li."'Ctends Well Beyond NOl1TIal Requirements. 
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SECTION VI 

AUTOMATIC VEHICLE LOCATOR SYST.81 TECHNIQUES 

o Proxnnity 

o Triangulation/Trilateration 

o Dead Reckoning 

o Navigation 

o Officer Up-Date 
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AVL Systems differ primarily in the technology they employ for locating the 
monitored vehicles. All ,have several functions in common: acquistion of 
locational data, conmunication of raw data to processing units, processing 
of raw data and display of information. Although the basic output information 
is locational, it can be supplemented by otiler data transmitted and processed 
by the AVL equipment. 

The literature indicates that the principal location technologies can be .: I. 

classified into five major categories. 

The Proximity System is based on the concept that the patrol vehicle has 
electronic "eyes" which recognize what have been termed "signposts" to 
determine the vehicle location. In this system the wayside signposts are 
devices which continuously transmit unique location identification codes to 
the passing vehicles for subsequent transmission to the Command/Control Center. 
Typically this location code is relayed to the Center as the signpost signal 
is received so that the vehicle location is updated as it passes. In a 
modification of this system sometimes termed an" "inverted" Proximity System, 
receivers are placed at the signposts to accept identification information 
from the vehicles passing the location. • 

Triangulation/Trilateration AVL Systems are based on trigonometic functions 
which transform electronically measured distances and angles into a vehicle 
position. Generally distances from the vehicle to three or more unique 
receiver sites are determined. This data is then integrated with known 
fixed distrulces between receiver sites to plot a family of triangles with the 
vehicle at the apex and receiver at the other two apexes. Distances are 
typically Ineasured by Pulse or Phase ranging on signals which are transmitted 
to the receiver sites upon a cycle initiation command from the Command/Control 
Center. 

A Dead Reckonigg AVL System is similar in principle to the inertial navig~tion 
systems used in submarines and space vehicles. It consists of a distance 
sensor, such as the odometer, a bearing indicator, such as a compass, to 
determine the direction of travel, a simple analog computer for integrating 
the distance and travel data and a transceiver for responding to interrogation 
ruld communicating status to the COllIDlliQld/Control Center. The actual position 
can be computed on-board or by a computer at the Center. 

The Loran System utilizes a receiver in the vehicle to measure the time 
of arrival of a group of pulses from a chain of master and slave stations. 
In all cases lines of constant time or phase difference constitute hyperbolic 
paths Witil the stations or focii. The vehicle position can be deterrnined by 
on-board equipment or the time and pl1ase measurement transmitted to thG Center 
where the pattern would be calculated by computer. The system uses existing 
LORAN, OMEGA or DECCA navigation transmitter grid networks. 

The Officer Update System is not automatic in the strict sense since it re- '. 
qilires- the . driver OT someone else in the vehicle to perform certain manual 
operations in order to ellter location datu into the system. The effectiveness 
of the apporach is directly dependent on the reliability and judgment of 
tile vehicle operator. 
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PROXIMITY SYSTEMS 

The Proximity System provides the location of patrol vehicles by 
determining the relationship between the vehicle and fixed sensors or 
emitters which have been placed at knOiv.n locations in the field. 

The Proximity System is based on the concept that the patrol vehicle 
has electronic "eyes" which recognize what have been termed "signposts" 
to determine the vehicle location. In this t}~e system i~ayside signpost 
devices continuously transmit unique location identification codes to 
passing vehicles for subsequent transmission to the Command/Control 
Center. Typically this location code is relayed to the Center as the 
signpost signal is received so that the vehicle location is updated as 
it passes. This location information is retained in memory at the 
Center until a new location signal is received. In a variation the 
location information may be retained ':>y the vehicle until it is inter­
rogated by the Center in a roll call ~·0quence. Additional information, 
such as odometer reading and the time \'lhen passing the signpost, may 
also be transmitted to permit the Cente~" to calculate or "dead-reckon" 
the location of the vehicle between signpost update signals. 

In a modification of the system sometimes termed an "inverted" Proximity 
System, receivers are placed at the signposts to accept information 
transmitted from the vehicle~ passing the location. The vehicle 
transmitter emits a coded information signal identifying the passing 
vehicle. This information together with the signpost location is then 
transmitted to the Center via telephone lines or radio link. 

This information may also be temporarily stored at the signpost locations 
until requested by the Center. In this system the data transmission 
has several modes--telephone, CATV, Community Antenna Television network, 
cable, or RF link whereas the signpost emitter system is limited to RF 
transmission. 

Conceptually the two Proximity systems are shmv.n in Figure 11. When 
a vehicle, whose location needs to be determined, transmits or receives 
information data within range of the signpost (approximately 100 feet), 
this data is retransmitted to the Center. At, the Center the signal is 
processed as to signpost location code and vehicle identity code and 
then, through interface circuitry, a display system is used to show 
the vehi~le at it~ specific locati?n in the city. A continuous updating 
occurs w1th the slIDUltaneous 10cat10n of a number of vehicles. Information 
coding is gen.erally accomplished either through digital or audio tone 
methods. 

The primary technological effort on Proxj~ity systems has focused on 
~evelopjng an ~nexpensive signpost. This includes not only the data 
1nterpath requlYements, but.als? ~onsideration of vandal-proof, weather­
proof enclosures, power ava11ab1hty and unit cost. Some systems use 
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optic~l labels, ~cluding those attached to the pavement. The problem 
here.1~ one of l1ne of sight reception under adverse environmental 
cond1t10ns: Tuned loop and ?uried magnetic elements have been used 
an~ potent1ally offer econOID1C and maintenance advantages. Several of 
th1S type have reached the prototype phase of development. 

The require~e~t in police apparatus of random routing of vehicles implies 
that.the.cr1t1cal.coverage area must be equipped with signposts whose 
dens1tY.1S determlned b~ the accuracy requirements. This clearly can 
result III a ~ery expenslve system especially in a large area. For ex Ie 
10,000 locat~ons at $100 each would cost a million dollars. It does amp , 
~ave the ObV10US adv~tage, however, of incremental implementation 
1.e. only those ~ocat10ns needed can be installed and others added and 
relocated as des1red. 

The Proximity ~ystem has vi:tu~lly unlimited access and is independent 
of RF ~ropagat10n c~aracterlstlcs. It also requires no calibration 
operatlons or loc~tlon cOlnputations. The electronics of emitter 
and senso:s ~re slIDple and the equipment is relatively rugged. These 
character1st1~s have combined to make it one of the more promising 
locator tehcnlques. 

----" 
Vehicle lcnrns 

of its lucatic'll froJ:! 
signpost affixes its 
sinJmt'lIl't~ .Iud trnnsmits 
infonn;ltien to ('!'nter 

Figure 11: PROXllHTY SYSTl1I CO:-''FIGURATION 



~---~- ~ ..... ~ - - - ~-- -- ~ ,--- --...".,--"'------- ~- ~----~--~-

55 

TRIANGULATION I TRILATERATION SYSTEMS 

Triangulation and Trilateration AVL systems incorporate.pulse or p~~e 
ranging techniques to measure distances betw~en the ve~lcle and kn 
receivers sites which is then reduced to vehlcle ]ocatlOn data by 
application of trigonometric functions. 

Triangulation and Trilateration AVL systern~ are based on trigo~ometry 
which transforms electronically measured d~stances ~d an~les Into a 
vehicle position. Generally, distances from t~e vehlc~e to th~e; or d 
more unique receiver sites are detel1TIined. ~lS data IS then I~_egr~te 
with fixed known distances between the receIvers i:O plot a fanllly 0:1. 
triangles ~ith the vehic10 at ~le a~ex and.receiver~ at the other two 
apexes. Typically more than one tTl.angle ~s deteTlTIlned <;ts a check and 
to provide a unique solution for the locatIon of the vehIcle. 

Wi th this type of system, rnany. v.ar~ations are poss~ble. Gene~all,y, the 
vehicle carries the emitter Wh1Ch 1S usually a mobIle tr~sce1vel .of. 
approximately 20 watts and the sensors are spaced strate~lcallYrw1th1n 
the city at approximate densities of 10 per 100 squar~ mlles. These. 
receivers then receive the identity data from the vehlcles, retransmIt 
it by either hardwire or microwave lillks to.the Co~d/Control Cen~er 
where a computer is used to compare these sIgnals elther on the basIs 
of a time difference of arrival (Pha.se Ranging) or puls~ dela~ (Pulse 
Ranging) to obtain distance measureme~ts .. For com~utatlon, sIgnals. 
from 3 or more stations are required In Trllateratlon and 2 or m~re ~ 
Triangulation. A conceptual Phase Trila~eration ~ystem,is descrIbed In 
Figure 12 on the opposite page. The vehIcle re~elves slgr;.al fl, and 
transponds a tone coded signal f2 . The phase dlfferenc~ l~ measured at 
each receiver site at the Commana/Control Center where 1t 1S translated 
into distances and the vehicle location. 

The Pulse Ranging mode of system implementation ~ypically utilize~ pulse­
coded signals which are transmitted from the vehlcles to the receIver 
sites upon a cycle initiation from the Command Cont~ol Center. A ~ulse 
with a very sharp leading edge is tran~mitted"recelved <;tt t~e vehIcle 
and retransmitted. This approach requlres a w1de communlcatlons band­
width on the order of 10 MHZ to accurately determine the arrival time 
of the pulse edge and discriminate it from any multipath generated p1;llse 
edges. Although it does not make,efficient use of the RF spect~, 1t . 
provides in the order of 3 to 4 tlIDes the accuracy of a Phase Tr~lateratlOn 
system. In addition, U'lO radio equipments are generally needed 1n e<;tch 
vehicle a wide-band transmitter fOT the pulse system, and a transceIver 
for nOl1~lal VHF or UHF land mobile voice conUlllIDications. Coded digital 
messages from the vehicle to the CentE:.r can be transmitted, however, by 
coding the pulse train. Hazetine COT".tJoration of Long Island, New York 
has developed a system of this t)'lJe whi~h has an estim<;tted accur~c~ of 
!300 feet with 95% confidence interval J.n an urban enVlronment slffillar 
to New York City. 
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The Phase Ranging system utilizes a phase comparison of signals which 
are multiplexed on the basic communication channels and compares them 
with reference phased signals at the Center. This then requires no 
additional bandwidth beyond the normal communications requirements. A 
number of transmitter sites may be necessary to adequately cover an area 
depending on the problems associated with RF propagation in the particular 
environment. 

There is a wide range of various emitters and sensors used to implement 
the basic systems along with many variations of system configurations. 
An illustrative. system might use a modified standard mobile PM 
transceiver as the vehicle emitter, transmitting, at time division 
intervals, an audio tone modulated carrier. The sensors would be PM 
receivers, wr..ich could demodulate the signal, retransmit the audio tone 
over dedicated telephone lines or some comparable line to the Command/ 
Control Center. Each vehicle emitter would be assigned a certain time 
"slot" in which to transmit; this would prevent simUltaneous tra.nsmissions 
being received from several emitters at any. one sensor. At the Center, 
signal processing equipment determines the time delay of arrival from 
various sensors of a particular vehicle signal. This data, along with 
knm<Jn location of sensors, is used by preprogrannned computers to compute 
the vehicle location, 

Available irlformation sources indicate that a Pulse system is inherently 
about 3 times more accurate. than a comparable Phase Trilateration system. 
At the 95% confidence level the estimated radial location error of the 
Phase Trilateration system in an urban environment rarlges from 900-1200 
feet. Although phase is less accurate than pulse ranging, it is not as 
susceptible to multipath problems, has lower bandwidth requirements and 
generally offers compatibility with existing voice communication systems. 
Cubic Corporation Sierra Research, General Electric and Raytheon Co. are 
actively developing systems of this type. 

FIGURE 12 PHASE TRILATERATION AVL SYSTEM CONCEPT 
USING SATELLITE RECEIVERS 
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The Dead Reckoning AVL system utilizes direction and dis~2J1ce sensors 
on board the vehicle to determine its location; thus it J.S self­
contained, and requixes no external transmission inputs.'· .. '.~:--~-----

A Dead Reckoning Automatic Vehicle Locator System is similar in,principle 
to inertial navigation systems used in submarines and space ve~l~les. It 
c.onsists of a distance sensor, a bearing indicator for determln1ng,the 
direction of travel, a simple analog computer for in~egrating ~he dlstance 
and travel data and a transceiver for responding to lDterrogatlon ~d, 
communicating status to the Command/Cuntrol Center. The actual posltlon 
of the vehicle can be computed on board or by a computer at the Center. 
Figure 13 on the opposite page is a functional diagram of an AVL system 
using the Dead Reckoning (DR) location-fixing technique. 

The major advantages of this system are speed and flexibili~. It is 
fast because d~ta trrulsmission involves only the x, y coordlDates of 
the vehicle position which may be transmitted in digital format. Also, 
since it is self-contained, multipath transmission problems are of 
little concern and it is theoretieal~y~"possible '.to . locate" veliic:tes 
anywhere in the urba.n environment. This has been demonstrated by. ?ne 
firm which tracked. v.ehicles-to various levels' -of ':811 .undgrgroUnd ·.park.ing 
area. 

The primary thrust in development of this system has concentrated on 
reducing the cost of the travel and bearing sensors. Clearly sensors 
used in inertial navigation systems would make the cost of a vehicle 
equipped with a system of this degree of sophistication prohibitive. 
Accordingly, the systems under development generally use some adaption 
of the vehicle odometer and a modified magnetic compass for direction 
sensing. All odometer sensors are relatively inexpensive and are drj~en 
directly from the vehicle wheels or from the power train. The front 
wheels are preferred since the power train and rear wheels may not 
accurately measure the vehicle travel. This would occur, for example, 
on an icy road. The magnetic compass is inexpensive but has inhe:rent 
inaccuracies. 111ese can be minimized by calibration of the installation 
in each vehicle. Also flux measuring loops can be used to eliminate 
moving parts at approximately the same cost. 

A Dead Reckoning system is Vlllnerable to a cumulative error problem. 
This can be relieved, however, by providing some form of periodic 
location information feedback system. Using this approach accuracies 
of 50-500 feet with update times of 1-2 seconds have been achieved. 

This feedback can. be provided by wayside recalibration units which. 
transmit a location signal as the vehicle passes or by means of a map 
matching process conducted by a computer at the Command/Control Center. 

58 

I~ th~s control mo~e the co~uter ~o~ares the vehicle transmitted location 
wlth lts,memory whlch contalils a dlgltal representation of the street 
network 1n the area. Each time a new report is received corrections for 
1.mown sensor bases on the reporting vehicle are applied ~d then a decision 
lS made,to loc~!e !he vehicle OJ?- a "most probable" street. Techniques 
res em1;>1 mg ,staClstlcal correlat10n are used to describe the "most probablel1 

locat~on Wlth the st~eet network segments closest to the corrected 
locatlon report fOTmlllg the least squares regression line. 

Conce:ptually, Dead Reckoning appears to be the most attractive AVL system 
asstmnng the ~osts are competiti:re with the other approaches. It offers 
a ve~ ec?noIDlcal use of the radlo spectrum and has more monitoring 
~apa:l!y ~ t~rms of vehicles per time interval. A limitation is its 
llla~111ty III lts present form to locate non-rolling objects such as an 
offlcer on foot. 
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LORAN (NAVIGATION) AVL SYSTEMS 

The LORAN Type AVL systems use the existing LORAN, OMEGA, or D~CCA navigation 
transmitter grid networks by installing receiver-transponders ln the 
vehicles. This system can cover large areas, bo~h u:ban and suburban, but 
is limited to those which are served by the nav1gat1on networks. 

LORAN is a long-range navigation system which has bee~ in operation, since 
WWII when it was instituted to locate aircraft and Sh1pS. It has n?w been 
augmented by OMEGA and DECCA networks 'vhic~ a-:e :in the same opera~10nal 
category. The navigation system approach 1S inherently :rery flexlble 
relative to applica.tion and can be adapted to ground veh1cles. ,System 
performance for vehicles, however, h<;s no~ yet been well esta~llshed under 
the varied operational conditions Wh1Ch mlght be encountered m an urban 
environment. 

The LORAN type system utilizes a receiver in th~ vehicle to measure the 
time of arrival of a group of pulses from a cham of ~a~ter and slave 
stations. OMEGA functions in a similar manner but utlllzes a burst of 
carrier and operates on a lower frequency. The DEC~ system measures 
lines of phase from a chain of ma~ter and slave.~tat1ons. In <;11 cases 
lines of constant time or phase dlfference const1tute hyperbollc paths 
with the stations as foci. The time/phase difference between master 
and slave stations measured at the vehicle determines the hyperbola 
references to a master/slave pair on which the vehicl~ is pos~t~oned. 
Since a number of master/slave pairs are used the vehlcle pos1tlon.can 
be determined by intersection of the identified hyperbOlae. The.dlfferent 
stations pairs are typically identif~ed ~y their as~ign~d operatlng 
frequencies. This concept is shown In Flgure 14 Wh1Ch ll~ust:ates a 
time difference location fix for LORAN. The U'lO hyperbollc lmes of 
position TDA and TDB are established as diffe-:ences in.time-of-arrival 
of the master and slave station pulses. The lntersect10n of TDA and 
TDB designates the receiver position. 

The vehicle position can be determined by on-board equipment or the 
time and phase measurements can be transmitted to the Command/Control 
Center where the pattern would be calculated. In the latter case the 
vehicle units are simpl er and less expensive since all signal processing 
is done at the Center. There is a trade-off, however, relative to the 
bandwidth used in transmission. When the 'location signal processing 
is done on board the vehicle, less bandwidth is required to retransmit 
the data. 

The basic LORAN type grid networks presently used for navigation are 
LORAN A (1. 9 MHZ), LORAN C (100 KHZ), DECCA (75-85 KHZ) and OMEGA. The 
East coast has a LORAN C network grid which has been considered for an 
AVL system. The LORAN systems are termed long base line because of the 
hundreds of miles separating the master and slave transmitters. 
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One of the limitations of this system is that a LORAN network does not 
cover the whole United.States, onl< the Eastern part, hence LORAN AVL 
systems could ?nly be 1rnplemented l~ thi~ ¥e?graphical area. Generally 
a system of th~s.type would use a t~me dlvlsl0n multiplex set up w11ich 
would have a llmlted, but large capacity, user access. 

Experimenta~ systems have shown that LORAN C operation in rural areas 
up to 900 mlles from the transmitt~rs provided accuracies in the 500-1000 
feet r<;nge. ~n suburban areas, thls accuracy could be maintained when 
transmltter dlstance was 700 miles or less. In industrial areas it 
was reduced to ?50 miles, wit~ dense urban areas being 450 miles: Errors 
are. due to ~lt~path p:opagatl0n, man made and atmospheric noise, interfering 
r~dlo ~ransmlssl0ns adjacent frequencies, and some signal delay changes 
wlth tlffie of day and the season of the year. 

A mo~ification of both LORAN and OMEGA is the use of a local reference 
~ta~10~s of.known location to ~alibr<;t~ ou~ the larger geographic 
V'arlat~o~ m path l~n¥th. ThlS mod~flcatlOn has been termed "differential 
~perat~on and,the mliltary has obtamed accuracies in the order of tso 
::eet w~th a Jalr ,level of confid~nce. Tests by Astrophysics Corporation 
lnoCallf?rnla USlIlg ~e DECCA grId show errors of less than SOD feet with 
9S~ confldence level ln an urban environment. 
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OFFICER UPDATE 

The Officer Update System represents a simple viable approach t~ v~h~cle 
location; however its effectiveness depends directly on the rellablllty 
and judgment of the vehicle opera tor. 

The Officer Update System has been included even though in a strict sense 
it could not be classified as an automatic vehicle locator system. The 
technique is not automatic in that it involves the vehicle d:iver.or 
someone else in the vehicle to perform certain manual operat:ons III ~rder 
to enter location data into the system. Without the automatlc locatlon 
feature this approach is dependent on the vagaries of the human pa:t of 
the system. The vehicle occupant also represents a data source WhlCh 
is not an independent measure of the vehicle location since he is aware 
of where the vehicle should be at a given time. 

In event of an emergency or trofficer-needs-help!l situation the chances 
are remote that the vehicle occupant::-, could make use of this system to 
signal their location since it requires an overt move and being in the 
vehicle. This reasoning would not apply to non-public vehicle fleets 
such as taxis where automatic vehicle location with continuous position 
update is not a necessity. 

Despite these inherent proolems, the Officer Update is a simple workable 
system which has been developed and test~~d for police applications. The 
Digicom System laboratory of GTE Sylvania has a digital data transmission 
system which can be used to implement the Officer's manual update of 
this vehicle location. This system has be'en installed on an experimental 
less-than full scale basis for the Oakland Police Department and is 
currently under evaluation. 

In the Oakland system, each vehicle is equipped ltlith a photographic map 
mounted in front of a pressure sensitive grid matrix. The officer 
simply presses the map periodically to indicate the location of his vehicle. 
This location data is transmitted in digital format to the Command Control· 
Center where it is translated by an interface unit into computer input. 
lbe location infonnation is displayed in x, y coordinates on a map display 
at the Center. The display is comprised of slide projector with map 
images which is integrated with the location signal tl1an a dichroic mirror 
tecPfiique. The final display is imaged on a television receiver for 
viewing by the dispatcher. 

The System provides the dispatcher with location iJ1formation on all field 
units without polling them by voice. Its demonstrated accuracy is 300-4000 
feet ~ependi~g upon resolution of the m~p used in the field and its coverage 
capaclty ObvlOusly depends on the map SlZe. For I~xample, as a vehicle 
moved from an assigned district, additional grid :;ensition maps would have 
to be provided in the vehicle. 
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SECTION VII 

REVIEW OF FEASIBLE AUTOlvIATIC VEHICLE 

LOCATOR METHODOLOGY 

o Data Collection Survey , 

o Industry Response 

o Analysis of Response Data 

--- --~ --~--~~----

~, Overall Comparison by System Performance 

o Qualitative Comparison by System Type 

o Comparison of Proximity Systems 

o Comparison of Trilateration/Triangulation 
and Loran. Systems 

o Comparison of Dead Reckoning Systems 
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The primary source of information on feasible AVL Systems was obtained through 
use of a simplified questionaire which was mailed to a list of approximately 
150 firms and government agencies. The list was compiled from a literature 
search conducted to identify firms engaged in developing systems and 
equipment or performing related sel'vices applicable to the use of vehicle 
location systems. The format of the survey questionaire was carefully con­
sidered to ensure that it was simple enough to encourage a response and yet 
would include the data necessary for a firm data base. Potential supplies 
were queried concerning their experience, availability of equipment and 
performance parameters of their respective systen~. A cover letter and 
information sheet on the Orlando Pollce Department operations accompanied 
each questionaire to aid those responding. 

Approximately 30% of the firms responded to the survey questionaire, and of 
these more then half indicated some specific interest in the project. Eight 
returned completed forms giving detailed information concerning their system. 

The response data showed four major system types - Proximity, Trilateration/ 
Triangulation, Dead Reckoning and Loran which could be identified with s"veral 
suppliers. Further analysis showed that no oue tedmique was clearly dominant 
although the Proximity System (38 96 of the total response distribution by type 
of system) is slightly favored. This apparently results from the fact that 
it can claim the highest development activity perhaps because of lower 
developmental and equipment costs. The numer-up in percentage response 
was the Dead Reckoning system with approximately 28% followed by 
Trilateration/Triaggulation (1996) and Loran (15%). 

A comparison of system types by performance parameters shows that the 
Proximity System generally offered the best overall perfonnance maturity; however 
to attain this perfol1nance requires installation of a large mnnber of fixed 
sensor sites 'which may result in prohibitive installation and maintenance 
costs for large areas of coverage. 

A listing of the various operating characteristics of the more generally 
recognized AVL Systems was used to obtall1 a relative qualitiative comparison 
between systems configurations. The resultlllg comparison matrix favored 
the Dead Reckoning and Proximity Systems in that order. 

, ' . ' 
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DATA COLLECTION SURVEY 

A questionaire was used to survey potential suppliers of.Aut~m':ltic 
Vehicle Locator Systems concerning their experience, avallablllty of 
equipment, and performance parameters of their respective systems. 

Primary information on feasible AVL Systems Has obtained throu¥h use of 
a simplified questionaire which was mailed to a list of approx~ately 150 
firms and government agencies. The list was compiled from a l~terature 
search to identify firms engaged in developing systems a~d equlpme~t,or 
performing related services applicable to the use of vehlcl~ locatlon 
systems. It is noted that since this is a relatively nG'ttJ fleld, there 
were very. few references which directly related vendors and AVL Systems. 
Accordingly reports on funded AVL studies were the primary sources used 
in compiling the list. An important derivative of this approach was the 
knowledge acquired on the systems from reviewing these reports. 

The format of the survey questionaire was carefully considered to ensure 
that it was simple enough to encourage a response and yet would include 
the data necessary to provide a meaningful information base. It was 
recognized that the recipient would have to contribute time from his other 

, business activites to respond. Accordingly before detel~ining the final 
format, it was discussed ''lith several interested firms and their 
suggestions were included. 

The questionaire was constructed to obtain teclU1ical, information in four 
basic areas. These are identified in Figure 15 on the opposite page which 
is a reduction of the infonnation pages of the questionaire. The third 
page asked if the firm ''lere interested in setting up a demonstration at the 
Orlando Police Department, if they could be contacted for additional 
detailed information and whether their information could be included in 
the report. This page also provided space for identification of the firm 
and person responding. A complete survey fOl~ and cover letters aTe 
included in Appendix B for reference. 

The first and second questions were intended to identify the firm by tlle 
area of interest in AVL Systems and the depth of its experience. The system 
description area was designed to permit a classification of the 
system by sensoy type and physical configuration. It also included 
logistics support areas to measure the system maturity. The system 
performance queries were included to obtain data which could be used to 
analyze the effectiveness of the different systems in meeting Orlando 
Police Department requirements. 

A cover letter and information sheet on Orlando Police Department operations 
accompanied each questionaire to aid the respondees The letter identified 
the project as being sponsored by the Florida Governor's Council on 
Criminal Justice and the role of Florida Technological University in 
conduc~ing.the study for Orlando Police Department. It was explained that 
the Ob]ectlve of the survey was to assemble engineering information on 
the s~ate-of-the-art for.AVL syste~ and to identify interested system 
supphers. The Informatlon Sheet lncluded pertinent physical data 
describing the City of Orlando, ~perating data on Orlando Police Department, 
and how tlle system procurement mlght be realized. 

OIliJ\NDO POLICE DEPARTMENf SURVEY FORM 

AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRIMINAL JUSTICE 

PROJECT 72-14-09 
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ATTENTION: Dr. Robert D. Doerillg, 
Florida Technological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 

1. INfEREST OF OUR FIRM IN AUTOMATIC VEIIICLE LOCATOR (AVL) SYSfr:MS 

System SUpplj er 
Component Supplier 
Other 

( 
( 

2. EXPFJUENCE OF OUR FIRM IN AVL SYSTr:MS 

Research 

Design 

Prototype 

Operating Systems 

3. SYSTIN DESCR TrTTON 

Sensor Type 
Offker Update ( ) 
Proximity ( ) 
Dead Reckoning ( ) 
Trilateration ( ) 
Triangulation ( ) 
LornJl-11ecca -Omega ( ) 
Other 

Vehkle Electronics 

Base Station Electronics ,-----

Data Link 

1 

Figure 15: 

Base Station Display _________ _ 

Dispatchers CRT Console Display ------

System Computer ___________ _ 

System nOl:LUnentation ---------------

Personnel Trrdning 

Sj'$ tt'm Equ i PJnt'llt ~h i ntcn:'ll1ce (anllual) ----

AdtlHionul System Cnpabilities _____ _ 

Oth t'1' Not('s on Svstl'm 

--------,,-----
4. SYSTEM PERFlll~\J,1\!'iCE IlATf\ J)ESIC~ ( ) rrr:r.n TFST 

Accura~-y ___ , _________ _ 

CilP:lcity 
Updatl' Time ___________ _ 

Freq!l('nl:~' _________ -' ____ _ 

B.111d Width -----------------
POlI'l'1" Len'l $ 

Sltes 

Coverage Arc'a 

------------

Advantages _._~ _________ _ 

Limitations -------------

) 
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INDUSTRY RESPONSE 

Approximately 30% of the firms responded to the survey, letter. ?f 
these more than half indicated some specific interest 1n th~ proJect, 
and eight returned completed forms giving detailed informatIon 
concerning their systems. 

To ensure that an interested firm could respond the schedule was 
extended and 10 weeks were allowed from time of initial mail-out. 
It was noted that many of the inquiries were fonvarded to other 
people in the firm for response. Addi tionally some firms who were 
no longer interested referred our survey to others whom they knew 
personally or suggested·that we contact them. On this ?asis it is 
submitted that the industry was generally very cooperatIve and helpful. 
Of the 150 survey letters sent out, 32 were returned unopened due to 
obsolete addresses; 45 were returned with some type of response and 
the remaining 73 were not returned. 

It is felt that this represents a relatively good response considering 
the difficulty in compiling a productive list without prior knowledge 
that the firms were interested in the AVL 3ystems field. It is noted 
that reducing the total by those returned for insufficient or obsolete 
addresses results in a 38% response. Table 10 on the opposite page 
presents the overall results of the survey letter by response categories. 

. . 

The surrrrnary show; that of those responding only 9 
could complete the survey form. The remainder responded with a 

letter generally indicating interest which ''JaS limited to a subsystem 
or component area; several Ivere software or systems engineering firms 
only. Some were involved in test and studies of AVL systems for 
other type vehiclES such as buses or trucks. Apparently AVL systems are 
being examined seriously for controlling and operating public conveyances 
in a more responsive and optimum manner and as an effective deterrant 
to truck hijacking. Almost all who responded also provided capabilities, 
brouchres or specification sheets describing their hardware. 

Those who were able to complete the survey. form also provided supplementary 
information. These included copies of government sponsored proposals 
and studies on AVL sys.tem. A few of which are listed below. 

o AVM System - Contract No. DOT-UT-l0024 
(Feb 1973 - final report - Sierra Research Corp) 

o Loran C - A~~ System - Report No. DOT-UT-72 
(July 1972 - final report - Teledyne Systems Co.) 

o Vehicle Location and Status Reporting System, 
(LOCATES), Project No. 182, - final report -
phase I, City of Montclair Police Department, 
March, 1972. 

- .~-- .~ J_ .. ] 
C~.:~-
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Based on the interest indicated on the form selected firms were 
contacted by telephone to determine if a demonstration 'vere feasible 
Three were then,selected based on their demonstrated experience in t1;e 
three most feasIble AVL system types: 

Sierra Research, Buffalo New York 
Boeing Co., Wichta Kansas ' 
Applied Technology, Costa 'Mesa , Cal., 

Trilateraticn 
Dead Reckoning 
Proximity 

All agreed to discuss a conceptual system design for OPD. None 
~ "however, offered to set up and demonstrate their 

sys .. em. ThIS ~s understandable in part because of the difference in 
system compl~xlty and the effort and equipment required to implement 
a demonstratIon. 

TABLE 10 

TABULATION OF RESPONSES TO SURVEY 
BY CATEGORY 

Response Category Number 

Lost (No Response or Return) 73 
Returned Unopened 32 
No Interest Letters 21 
Interest Letters 15 Form Completed 9 

TOTAL 150 

!l: 0 

48.5% 
21.5% 
14.0% 
10.0% 

6.0% 

100.0% 

~. 
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ANALYSIS OF RESPONSE DATA 

klalysis of the response data showed that the Proximity System was 
favored by th~ highest number of firms and had more demonstrated . 
maturity in Police Agency Applications than the other p:oposed major 
system types - Trilateration/Triangul&tion, Dead ReckonIng and Loran. 

All firms responding indicated active design work was be~ng done.on 
an AVL system and all except one company stated that actIve cont~nue~ 
research was being conducted. From the returned survey forms~.slx 
companies showed they had a prototype system in operation, 1~111e 
three stated they had a completed operational system on hand. Of .. 
these, one was a dead reckoning system, the others were three proxlffilty 
systems and one company indicated they had both types. 

klalysis of the survey data showed that of the four main types of 
Automatic Vehicle Locator Systems, the proximity system can claim. 
the greatest development activity. Eight companies indicated the1r 
engineering effor~ have been in this area. This can probably be 
attributed to lower development costs, lower equipment costs and 
grea~er simplicity of design. Six companies reported work being done 
in the Dead· Reckoning area of AVL Systems. Triangulation/Trilateration 
types of systems and the navigation (Loran) systems were reported as 
areas of activity by three companies in each area. Of these firms 
responding, some stated that they were explorin.g more than one type 
of system and had actually had parallel efforts going in two to Ulree 
different systems including some 11ybrid variations of system. 

Figure 16 presents the response distribution by type of system. As 
the pie chart shows, no one technique clearly dominates; however, the 
Proximity System is slightly favored probably for the reasons mentioned 
earlier., This distribution seems to verify the assumption that the 
approach may more directly be a function of experience and initial 
application, than a listing of the companies which responded.by systems type 
as has been indicated in the figure. This clearly shows the maturity 
dominance of the Proximity type system. Those indicated by the 
asterik (*) have indicated an interest to provide a system concept 
or demonstrate their particular system. All, however, indicated a 
demonstration would involve a contracted cost. 

It is interesting to note, however, that some of the more prominent 
electronic firms who currently market communication system and radio 
equipment to police agencies (RCA, Motorola, General Electric) were 
unwilling to respond or corrrnit themselves concerning Automatic Vehicle 
Locator Systems. This reluctance on the part of leaders i!'l police 
age~cy communicati?n may re~ult from the fact that no one has a complete 
pol1ce AVL syst~m 1n op~rat10n although ~ach has experimented with prototype 
systems. Cost 1nformat10n for a system 1S even more difficult to 
obtain. This may result from th~ realization that the problem is not 
amenable to a package or off-the-shelf hardware approach. Each police 
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a¥ency, alt~ough typically having the same functional re uirements 
w1ll have dIff~rent.operational and environmental requir~ments Thes 
m~sd.be recognIzed 1n the. system design which will require trade-off e 
s u 1es among sev~ral baS1C system concepts. Field tests had been 
completed or p~rtlally completed by all except in one case where the 
company was st111 engaged in the design stages of the system. 

Dead Reckoning Systems 

Lockheed Corp. Elp.ctronics Division 
AGA Corp. ~ 

Boeing Corporation* 
Bendix Corporation* 
Marconi, Ltd. 
Martin Marietta Corp. \. 

.­
,/ 

.' 

?riangulation/Trila teration Systems 

, Sierra Research Corporation* 
/ Sanders Associates, Inc. 

Marconi, Ltd. 
Cubi~ Industrial Corp~ration 

.' DEAD 
!RECKONING 

'rRILATERATION/ 
TRIANGULATION 

/ I , 
19% 28.5% " . _ ... -:::',,-------I 

! 

... / ......... 
............... 

r-.... 

.J'" .,..,..0" 

Proximity Systems 

PROXIMITY 

. ~ 38% 

App~Lied Research Corporation* 
Pro~lucts o~ Information Systems* 
CapItol SCIence Corpora.tion 
Sanders Associates, Im:. * 
Marconi, Ltd. 
RCS Associates, Inc.* 
Mitre Corporation 
Bendix Corporation* 

LORAN 
I 

~4. 5/,0 
• 

\ 

\ 
Loran (Navigation) System 

Lochlleed Corp./Electronics Division 
Teledyne Systems Co. 
Hazeltine Co. 

Figure 16: Survey R~sI?onse Distribution By Firm Shows That Most Favor 
The P;.·- Xlffil ty Type System. 
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OVERALL COMPARISON BY SYSTEM PERFORMANCE 

A comparison of system types by performance parameters shows that the 
Proximity system generally offers the best overall performance; however, 
to attain this performance requires installation of a large ~umber of 
fixed sensor sites which may result in prohibitive installatl0n and 
maintenance costs for large areas. 

Major performance parruneters for each of the four basic vehicle locator 
systems have been listed in Table 11 on the opposite page to fo~ a 
comparison matrix. Hybrid type systems were grouped under a baS1C type 
category. These data represent the sunnnary of information obtained from 
the survey questionnaire. For each system type performance r~ges. are. 
indicated to reflect the responses from different designs and appllcatl

ons 

of the same system. 
As Table shows, Proximity systems have normally the greatest accuracy; 
however, there is an accuracy/cost trade off due to the larger number of 
fixed sites required. Update time, bandwidth, capacity and frequency 
bands are comparable for all four systems. The Proximity system also 
has the advantage of lower power level requirements for mobile location 
emitters (transceivers); in fact some systems use passive emitters which 
provide a signal as the vehicle passes near or over them. The update time 
is also variable depending on the number of sites and is within the typical 
requirements of a police system. 

Dead Reckoning systems show an accuracy comparable to the Proximity systems 
without the necessity of having a large number of intermediate fixed 
sensors for system operation. At the present time, however, development 
for commercial application does not appear as popular as the Proximity 
type. Perhaps this is because the vehicle electronics would typically 
be relatively costly for this listed accuracy. However it is noted that 
the accuracy can be improved substantially by augmenting the basic 
system with feedback correction. This might be in the form of signpost 
emitters which would reinintialize the car computer of by use of a srell 
computer at h~acquarters which would check the location transmitted from 
the car with its memory of street locations. 

Trilateration/Triangulation systems are plagued by multipath problems, 
hence the resultant accuracy suffp.rs as the listed range of 600'-1250' 
shows. LORAN systems fared better although there was very little 
information available and ~herefore tl1e true parameter ranges may be 
somewhat different if a larger sample of data had been received. It is 
noted again that these data were obtained from the survey questionaire 
and a review of the literature might result jn some changes in the 
comparison. Also cost is obviously a major factor and a cost effectiveness 
comparison is needed. 

-~ l 
L.,~ 

[:~~J ~~ ~ PAAM= ~ARIOON ~ mE OR ~_ 
[~" •. ~-----""- . 

.J PROXIMITY 
TRILATERA'fION/ 
TRIANGULATION DEAD RECKONING 

r-
~".=.-~ 

[:. 
-lcuracy 10-100 feet 

~ate tim. 

600-1250 feet 50-100 feet 

(1) .1 to 2-3 seconds .03 to 4 seconds 

"_ dwidth (Z) ~ to 25 KHZ 

1 second 

25-125 lQlZ 

lpacity 

10 KHZ 

Unlimited 1000+ 

frequency 
-

Unlimited 

20 lQiZ tel 450 MHZ 30 to 450 IvnlZ 

J~ 
30-450 ~jHZ 

I\~er levels 
'ehicle Fadio) 

1 mw to 3 watts 10-20 watts 25-40 watts 

(3) 20/sq. mile 1-9/25 sq. miles (4) ------_ .. _----
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LORAN 

ISO-SOC feet 

Less than 1 second 

10 KHZ 

Unlimited 
'-

(5) 100 KHZ 

10-20 watts 
I 
I 

(small) depends on system ! 
I 

C"I 
["I 

~.r of fixad ,ite, 

verage " " \'Ilthm grid network 25-100 "1 
~ of ';,upost, sq. '" " • 

Range of mobile Extensive, depends on system, 
' ' radio 

(1) Update time here actually depends Oli " " _ I SlgnPOSt passmg frequency. 

[ -c _~) Thou2h the geneml bandwidth range was within these limits " - " 

I 
(3) The dens it (d " ' one company response Indicated a bandwidth of 3 M1Z. 

. Y an power levels of the emitters) determines the accuracy and updat t" h 

[ 
. J) N f" d . e lmes ence this figure c ld . 

. . 

0 lxe sltes are needed in this f" " .. ou vary conslderably. 
con 19uratlon unless calibration type sites are " " " _ .• f') The only info""'tion "ailab1e ,;ocemad' .' ont"d""d on a par",,,l.,,. ,y,tam of th;, t)~e. [.: 1 a WRAN C ')"tam wh,oh oparatos at "'is froq"an,y. 

[[l~ 
-1-

[O'I~ 1 
[:~~1 

· ~[1 
[~~I-' .' 
[-~ "'1 
r]] 

~] .,....= ~" 
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QUALITATIVE C01vlPARISON BY SYSTEM TYPE 

A listing of the various opera'ting characteristics of the mor~ generally 
recognized Automatic Vehicle Locator Systems was used to obta~ a 
relative qualitative comparison between system configurations; the .. 
resulting comparison matrix appears to favor Dead Reckoning and Prox~lty 
systems. 

All performance characteri~tics cannot readily be translated into 
quantitative terms. Accordingly, a qualitative comparison was made 
of the competing systems by evaluating some of their advantage~ and 
disadvantages. The results are surrnnarized in Table 12 in matrlX form. 

Several advantages of the Proximity and Dead Reckoning systems ar~ 
shared, including being independent of RF propagation problems WhlCh 
is a large source of error in the Trilateration/Triangulation systems. 
The Proximity system has the advantage of not requiring any location 
computation since location is determined by being in the vicinity of 
mown position sensors. The Dead Reckoning system, however, offers 
the advantage of having all the location computation equipment aboard 
the vehicle and requires no intermediate fixed stations for transmission 
of location data and is therefore, least vulnerable to tampering. Also 
it is the only system which does not require radio emission for the 
location function. 

All systems can claim efficient use of RF spectrum and all,but 
Trilateration/Triangulation systems have unlimited user access. A 
true LORAN system has the greatest coverage (within LORAN station 
areas) while that of the Proximity type would be most limited. 

Major disadvantages of the Proximity system are the large number of 
signpost stations which require telephone lines for final data 
t:t";nsmission if wire transmission is used. For the Dead Reckoning 
system, the most serious disadvantage appears to be the expensive 
vehicle equipment needed, which is also an inherent limitation of 
the LORAN system. Multipath propagation error could be classified 
as the nmjor technological problem encountered in the Trilateration/ 
Triangulation types. 

In slUTDnary the matrix allows some comparison visibility, but any 
conclusion must be a function of the individual system peLformance and 
environmental requirements. In general, however, the comparison appears 
to favor the Dead Reckoning and Proximity systems. 
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TABLE 12 
QUALITATIVE CQ'!l'A~ISCN OF SYS'ffi';1 TYPES 

, AVL SYSl'EM ADVANTAGES 
..: _"'=,'~.';I'O~".::. 'DD~EAIlUilREm;CKKcO;N~IN;;;G;t~-;:;:::==:.-::-::----:------______ I~D~ISAD~V~_T:'A:-::GE:S~==-::~~ __ ~ ___________ J 

~)) ~~df7p7ndent of RF propagation and noise characteristics ~ IClent use of spectrum. ' 1) ~~~~~c~~ub1ative ~u7 to poor heading reference but can be 
3) Independent! lmlimited user access. t< k y P:-OXlJUlty update stations or computer street 
4) One transceIver meets AVL, voice, and digital needs. ne wor companson. 

:"'~I~~:rLOLORRANAN---tJ1J)~A~f~e\"~tr~a;;;n~Sm;;-;iltt;te;;r:;s-;c;0~v~er~a~wri'i"dde~a;re;;a~u~ri;b:;;;an;;-;;an~dd---+-;2:;-) ~~~~~~~~~~;:~:a::1~m::a::::i~nt=e~na~n;c~e_p~r~0=b~lem~0=f~cO:mp:le:x~el:e:c:tr:o~-:me:c~h:an:i:c~al~' ~ 
suburban. ' 1) Receivers arc e).llensive currently 

2) Unlimited user access. 2) ~o.radio equipments needed to me~t A\,L voice and 

'""_"-,-",.I=,"".:JI- PRCOlx1il~llTI--t3~)~Ef;f~i;Cl~' e;dn~t~u~s~e~o~f~s~p~e~ct~rum~'~~ha;~~~k~ ____ ~~d~l~g~l~ta~l~ne~e~dS~ '~~~~~ _____ ' ___ ' _____ : 
,. 3) H1Y require "grid mapping". 

1) I~dependent of RF propagation characteristic 
2) HIgh sys~em rel~ability--does not depend on ~urvival 1) La:ge numb7rs of emitter sites needed. 

of any gIven emItter. 2) EmItter lIIall1tenance reqllired 
3) Unlimited user access. 3) ~'O. radio eqUlpments needed to meet AVL voice 
4) No calibration requirement. lhgl tal needs. ' , 

and 

5) Efficien~ use of spectrum. 
6) No locatIon computation required. 

j 

~ '~~I-- ~=~TY 

['I~: mWWL<TI~ 
[,-

1) I~depend7nt of RF propagation characteristics 
2) Ihgh rellability. • 
3) No calibration requirement ' 
4) Efficien~ use of spectrum.' 

1) ~1rge number of sensor sites needed. 
2) Large ntnnber of cOflnnunications links to central. 
3) Interf7rence when more than one vehicle is in zone of 

a receIver. 
5) No locatIon computation required. 

1) One transceiver m7ets AVL, voice, and digital needs. 
2) Compu~er solves slmple, straight-line location 

equatIons. ' 
3) Efficient usc of spectrum. 

[:r: ~~~_rrON 
[l~ 

1) High accuracy, superior to phase system. 

4) Tlyo. radio equipments needed to lIIeet AVL voice a d 
dlgl tal needs. ' ,n 

1) ~rulti~atll can change angle of reception drastically 
anfdlYleld large errors . ...siting the receivers away from 
re ectors may alleviate. ' 

2) May require periodic "RF JTI<lpping" of city and computer 
look:up tab~e to correct se\'ere, but repeatable 
multlpath dIS tort ions . ' 

1) Requires se~e~'al MHZ of spectrum to get high accuracy and 
overcome mu_tlpath problem. 

2) T\~o. radio equipments needed to meet AVl voice and 
dlglt21 needs. ' , 

3) High power pulses are potential source of RFl' vehicle 
JlIUS t ha\ c HI supply. ' 

4) May require periodic ''RF mapping" of city and computer 
look~up t3b~e to ~orrect severe, but repeatable, 
mulhpath dlstortlons in areas the direct sigrual is 
blocked. 

[.,c.'I~'.· ~~E!\,'TERATION 1) S~le,vehic~e, equipment--same transceiver meets AVL VOlce, and dlgltal needs. ' 1; Accuracy.dependent on multipath propagation environment--
'- 2) Efficient use of spectnull. may requue a large number of sites and diversi +v +,'clml' ques 

[ 

", _ .. _ to correct. "' ., 
2) May require periodic "RF mapping" of city and computer 

'''''''',','1' ,.I--____ --II-_______________________ J __ dl~Ok-UP. table to correct severe, but repeatable 'llultipath , ,,,,,,,,,,.' 
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CCMPARISONGF THE PROXIMITY SYSTEMS FROM RESPONSE DATA 

The Proximity Systems,although very similiar in their subsystem functions~ 
exhibited a wide range of values for the system performance parameters. 

In general, all proximity systems had the same basic configuration which 
includes the electronics in the vehicle to present an identification and 
communicate with signpost subsystem placed at strategic locations along 
the vehicle routes. TIlere were many variations of this basi~ system . 
presentea. In most cases the vehicle electronics was a recelver of locatlon 
information being transmitted continuously from a location site which was 
picked up by each passing sensor equipped vehicle. The range of transmission 
was 100-500 feet, with emitter power levels ranging from 1 milliwatt with 
one system to approximately 250 milliwatts for another. 

With this approach, all data link t necessarily radio frequency, since 
tile information must be retransmitted to the Command station via the 
vehicle transmitter. Frequencies used ranged from ultrasonlcs (20 KHZ) 
to UHF (450 :MHZ). In such a configuration, many transmitters would have 
to be on the 'air' (although at low power levels) continuously, since to 
have a specified high accuracy, a closely spaced grid network of sign 
post emitters would be necessary. Costs of such a system would seem to 
be higher than signpost receiver type, since transmitters in general have 
higher power consumption requirements, and, therefore, require more 
cost'.; components .. 

When the vehicle becomes the emitter and the signpost the sensor, a config­
uration submitted by a few of the responsive companies, the RF transmission 
are limited to that of a few vehicles to the passive receiver signpost 
grid network .. These in turn, retransmit the information to the Command 
station via telephone lines, or by a CATV cable networK if it is available. 
Under these conditions, address requirements would also be reduced, since 
it would require coding of only·a small number of vehicles compared to 
coding of a large number of fixed emitters in a grid network. 

Coding for location determination generally was by audio tone or a digital 
binary coder to supply discrete addresses. Location determination of 
course, was by proximity to the sign post emitters or sensors. 

A few unique methods were disclosed. One such was from Applied Research 
Associates, ,~hose system incorporated ultrasonic transmission which 
utilized a very small part of the frequency spectnnn (1 KHZ Band Width 
@ 20 ~Z). RCS ~ssociate~ proposed a system which uses a RADAR Transponder 
as.a ~lgn post WIth ~passlve labels' on the vehicles in question. A 
prlnclple of synthetIc apera.ture (as used in aerial mapping with extremely 
good resolution) is used to give discrete address to the system vehicles. 
It is noted that this system would require line-of-site view of the vehicle 
and might be adversely affected by traffic flow patterns. 
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Generally, display system and compute . 
defined. Most dealt with commerciallyr req~llrbemlents were not specifically 
CRT dis 1 . t Th . ,:-val a e small computers and 
in all ~a~~s ~~e~~ date ~ompute: lnput'lnterface was relatively simple 
d' a IS receIved over a radio link f } h' 
ue to the standard ·fonnat of input d t I r?m t 1e ve lcles 

sensors need to be more complicated ~ a. d.nputs from fIxed proximity 
lines which must be sam led duro ,~en Ing o~ th~ number of party 
must also interface with~the co~~~t~ Ini~:rogatl?~ In~erval: The display 
permit the display to hold the read . . IS ~roVl e~ Inte~l~gence to 
information is received from the fi~~~ sltua~l?n un~ll addItIonal signal 
us~ was on the average relatively short (J~~~~l~ght1ffi) to~ach operational 
maIntenance time and costs were im lied b' rs.: ual 
are in general simple. Cost per ~it (has elng dlO)w SInce the unit devices 
$100-$1 000 H f .' w en state was anywhere from , . owever, or an accurate syst h 
s~gnposts w?uld be required, the initial sy:~~mwc~~~ !o~~~ge n~~er of 
~lg~. NearlY all replies stated that a silent 'tro~ble' ai~~falri~ b 
1mp ~m~nte~ in the s~stem:·. General system performance of. all t~~U C.i e 
prOX1ffilty types recelv.od In the t" .. 
in Table 13 Ra h· b .ques 10nnane responses are tabula ted 

. nges ave .een used to indicate the variation in systems. 

TABLE 13 

PERFORMANCE PARAMETERS FOR PROXIMITY SYSTEMS 

Parameter Performance 

Accuracy (dependent on sign .......... + 100 feet 
post grid spacing) 

Up Date . • • • • • • • • . • . . • . • . • . . . • • . . • . . .• 80 Milliseconds to a 
few seconds 

Band Width ........................... 500 HZ to 3 MHZ 
Sites . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Depends on accuracy required 

and available wire transmissions 

Capacity .......................... ; ... Unlimited 

Frequency : ............. ~ ............. 20 KHZ to 450 MHZ 

Power Levels ...................... 1 to 250 milliwatts 
Coverage . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Wi thin grid network spacing 



< 

76 

CCMPARISON OF TRILATERATION/TRIANGULATION AND LORAN SYSTEMS FROM RESPONSE DATA 

Although the total nwnber of companies responding in thes~ areas w~re 
less compared to the other systems, the detailed inforn1at1on suppl1ed 
was comparable. 

Two companies.returned completed forms identifying.t1;eir sys~ems as . 
the Trilateration type, mld one was returned descr1b~ng ~ Tr1an~ulat1on 
system. Several other responses were based on work J.n the area of LORAN 
Systems. These have been grouped for discussion because they generally 
are based on the same mathematical analysis to reduce the data to 
vehicle location infO'l':ma tion. 

In the Trilateration system, the location determinathm is based on a 
solution of intersecting hyperbolas which is derived from time delays of 
arrival of a location signal from the vehicle to the sensor .. The.s~s~em 
developed by Sierra Research of Buffalo New York also uses tlffie dIvIs10n 

.multiplexing to give specific identity to each vehicle. In addition, 
due to inherent delays in the system, Sierra also incorporates a 
calibration transmitter to correct for this. The calibration transmitter 
sends sync timing signals to the mobile transceiver and its transmissions 
are also used at the sensor receivers to measure certain constraint 
system delays such that they can be calibrated out in the final 
calculations. COIIDections for multipath errors are also incorporated 
in this system through the use of statistical data or multipath delays 
in specific areas. 

Table 14 presents the range of performance parameters value for the 
different ranging sy~tems reported in the completed questionnaires. 
LORAN system performance was not included since information response 
was not significant in this area. In both Trilateration configurations 
the location emitters were modified standard police mobile radios 
mounted in the vehicle. The sensors were fixed location receivers installed 
at 4 to 9 sites within a 10 mile square area. The data link from vehicle 
to sensors was VHF radio in all systems. From the sensor to the communications 
center, however, telephone lines were used in two instances and Cubic 
Corporation utilized a microwave link ex band) . 

Triangulation techniques were submitted by Sanders Associates, Inc. 
and the Marconi Ltd. Company of London, England. This system is very 
similar to the Trilateration scene except that the sensors are multichaIIDel 
receivers and utilize spaced antennas to measure relative phase of the 
received tone to assess vehicle direction. Specific details of these 
s~stems ,.,ere not presented, and. data on system performance was very limited. -

Only on~ company, Lockheed Electronics Co., responded that they had 
worked 1n the area of the LORAN type of AVM systems. No information 
was given on their system since the work was performed under a classified 
governlnent contract. The Taledyne Systems Company responded that they 
had concluded a study of a LORAN C system for the Urban Mass Transportation 
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System, the results of which was compiled in a final report dated July 
~972. A RAD~ type IFF s~stem, utilizing interrogator-transponders was 
emonstrated 1n ~ew York In 1970 by the Hazeltine Corporation. This 

system operated Independent of LORAN stations. 

The LO~ ~ystem ~ses the same mathematical principles for location 
determInatIon as ~n th~ Trilateration methods, that is, intersection of 
hyperbolas f~om t~e dIfference of arrivals of signals. However, instead 
of th~ l?CatIon SIgnal o~iginating fr?m th~ vehicle, it originates from 
a~ eXIs~lng LORAN transmItter. The tlffie dIfference of arrival of the 
SIgnal 1S measured at the vehicle receiver and this information is used 
to compute the vehicle location. 

TABLE 14 

PERFOm1ANCE PARAi'vffiTERS 
FOR TRILATERATION SXSTEMS 

Parameter Trilateration 

Accuracy ................................ 600 - 1250 feet 
Update Tlffie······· ...................... 3-15 seconds 
Bandwidth .................. . 
Sites .. · ........ · .......... :.:::::::::::4 - 10 
Capacity (vehicles) ..................... lOOO+ 
Frequency - Loran C - 90-110 KHZ ........ VHF - UHF 
Power Levels ............................ 10 - 20 watts 
Coverage ......................•........ 10 sq. miles 
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COMPARISON 9F DEAD RECKONING SYSTEM TYPES FROM RESPONSE DATA 

There was a rather limited response in the area of Dead Reckoning Systems 
of AVM. Though approximate~y a half a dozen companies indi~ate~ they " 
were actively working in this area, few supplied any extenslve lnformatl0n 
about their particular systems. 

A Dead Reckoning system does not rely on other supporting units to " 
dete:rmine vehicle location. Rather, it uses. .' ." the ,,:ehlcle 
heading and travel distance . to compute its mVIl loca tl0~ W1:tIl the 
aid of odometers and gyro compasses or magnetometers. A conslderable 
amount of work done in this area was for military purposes, where 
it was fairly impossible to employ such tedmiques as Proximity or 
Triangulation/Trilateration because of the fixed location sensors or 
emitters required which are not feasible in battle situations. 

The number of' specific units required for a given area would be much 
smaller compared to a proximity system, however, the individual uoits 
would be much more complex. The on-board vehicle subsystem would be: 

- Odometers sensors for distance traveled 
- Headiilg sensors for direction of travel 
- Electronics for computing or storing this sensor data. 

Normally, this computed or stored data is then relayed to the Command 
Station via the standard police radio system. Some interface.equipment 
in necessary between the police transceiver and the data processing or 
computing electronics in order to facilitate this transmission. Thus, 
the equipment required in the vehicle would generally be 
larger, more complex and more costly than some of the other types of 
systems. However, this is offset by the fact that fixed station intermediate 
sites are not required, since transmission is directly to the commmld station. 
Command station computation is also minimized since some of the data 
processing and computation has been already accomplished in the vehicle 
electronics. A simplified block diagram of a system would be as follows: 
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Unfortunately, few of the responses in this area gave much detail other 
than the basic configuration of their systems. ~le dealt only with fixed 
route vehicles and hence was not appl~cabl~. Only one responding company 
stated they had a prototype system belng fleld tested in a comnercial 
(civilian) environment. A few others indicated ~hat they had systems being 
tested; however, these were under government classified contracts. 

An additional feature of the single compa.ny which had a prototype system 
to offer was a playback capability which would 'recap' vehicle routes 
over a time period on magnetic tape. Analysis of these playbacks could 
then be used to determine more efficient or other more effective 
methods of patrolling or responding to an emergency. 

TABLE 15 

Perfol~ance Parameters for Dead Reckoning Systems 

Accuracy ............. ' ................. so-sao feet 
Up Date Time ........................... fraction of second 
Band Width ............................ 10- 25 KHZ 
No. of sites ........................... none 
Capaci ty ............................. . unlimited 
Frequency ............................. VHF to UHF 
Power ................................. 25-40 watts (mobile), 
Coverage .............................. Range of mobile 

transceiver 



SECTION VIII 

PROTOTYPE SYSTEM DEMONSTRATION 

o AVL System Prototype 

o Location Fmitter Subsystem 

o Patrol Vehicle Electronics 

o Command/Control Center Electronics 

o Performance Requirement of Visual Display 

o Visual Display System Design 

o Vehicle Identification Number Generator 
Design 
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The Proximity System was selected to demonstrate the operational capability 
and effectiveness of an AVL System. This decision reflected several 
practical considerations. Of the three most feasible, AVL Systems 
(Trilateration, Dead Reckoning and Pr.oximity), the Proximity system had 
demonstrated the greatest maturity. Perhaps more important 1vaS its 
relative simplicity and availability of off-the-shelf components with 
hich to implement it. The other two systems involved proprietary and/or 

expensive electronic gear which effectively prohibited their demonstration 
on the available budget ($3000). 

The System selected is the conventional configuration, i.e., wayside 
emitters whicll continually broadcast their location information to mobile 
radios in the patrol vehicles which in turn relay the information to 
the Command/Control Center. Coded transmitters were located at 10 
selected intersections in two Districts in the Northwestern section 
of the City. Two patrol cars were equipped with radio relay electronics 
to demonstrate the capability of the system to distinguish between and 
display data from more than one caT passing the same emitter. The 
system was designed and assenililed in the Electronics Project Laboratory 
at Florida Technological University. 

A standard commercial transmitter/encoder with capability of 100 mw output 
in a single frequency was used as the location emitter. These were 
motmted in the traffic signal controller boxes at the intersections and 
the anten...TJ.as adjusted to control the power output. 111e encoders use a 
"micro-fork" circuit to generate the desired tone signature. 

A cOTInllercially available citizen band mobile radio monitor was selected to 
detect the emitter location signal: This was packaged with an encoder 
similar to the one used as location emitter to add a tone code which would 
identify the patrol vehicle. A control circuit was added to key a PREP 
radio transmitter and activate the encoder when a location signal was detected. 

The mixed location/vehicle tope codes are received by the PREP System 
satellite receivers lvhich relay the audio signal to a Comparator at the 
Center. A time del ay circuit in the vehicle electronics 1v-aS used to limit 
the code transmission to less than one second since the transmissions 
were over an active police channel. 

The audio tone signals from the Compa.rator are sent to a set of decoders 
which are similar to the encoder being "micro-fork" oscillator devices. 
encoder has a counterpart decoder which responds to a specific frequency. 
memory b~nk holds the information tmtill data from the vehicle at a 
new intersection is received. When both intersection and vehicle 
identification are available, tile new data is stored. This information 
is withdrawn by a multiplexer circuit with a frequency of about 2000Hz 
and used to drive Light Emitting Diodes (LED) which display the car 
identification wJrnber at the intersection. The Prototype visual display 
was a large 5' x 7' backlighted map of Orlando showing all streets 
and other pertinent physical characteristics. 

Each 
A 

The System as designed required some modification before reliable operation 
was achieved. The most cisruptive was a signal/noise problem which caused the 
system to attempt to move the vehicle without an intersection location. 
This was caused by noise keying thE: mobile radi9 and was solved by 
adjusting the signal input to the decoders. 



I 
t 
:-1 

· ~- ------- - ... ----:- ---" 
,,' '-. ----,-.. "---. --, -. ~ ..... 

82 

AVL SYSTEM PROTOTYPE 

The Proximity System was selected to demonstrate the operational 
capability and effectiveness of an Automatic Vehicle Locator S):"stem 
because o~ its relative simplicity and availabil~ty of co~erclal 
off-the-shelf components \vhich could be used to mplement It. 

The primary objective of the Automatic V~h~cle Locator S):"stem prototype 
was to demonstrate Ble operational capablilty and .effectlveness of such 
a system in a real world environment. A minimum period of several 
months was planned to afford adequate time to ob~erv~ the pe:formance 
of the equipment and tbe usefulness of the locatlon lnformatlon to the 
personnel at the Command/Control Center. Also of p:imary importance 
was the identification of human factors problems WhlCh were expected to 
surface in the Display and Vehicle Electronics Subsystems. When 
identified it was recognized that these interfaces would have gene;al 
applicability to the design of any type AVL System. 

The proximity system. was selected for the prototype demonstration model. 
This decision reflected s0veral p:cactical considerations. Of the three 
AVL system (Trilateration, Dead Reckoning and Proximity) which were .. 
considered most feasible for the Orlando Police Department, the prOX1ffilty 
system has the greatest maturity at this time. Perhaps more important, 
however, is its relative simplicity and availability of commercial . . 
off-the-shelf components with which to implement it. These characterlstlcs 
enabled the prototype system to be designed and installed within a budget 
limitation of $3,000. The other uv-o systems involved proprietary and/or 
expensive electronic gear which effectively prohibited their demonstration 
on the available budget. 

The System is a conventional· configuration, i.e., wayside emitters 
continually broadcast their location information to mobile radios in the 
patrol vehicles which in tUll1 relay the information to headquarters. This 
contrasts with the inverse system where the patrol vehicle transmits to 
a wayside receiver, for example, a call box, which relays the signal via 
telephone pair to headquarters. In the O.P.D. System coded transmitters 
were located at 10 selected intersections in the northwestern section 
of the City. nvO patrol cars were equipped with radio relay electronics 
to transmit the information to the Command/Control Center where it was 
displayed on a large (5' x 7') map of Orlando. nvo cars were used to 
demonstrate the capability of the system to distinguish between and 
display data from more than one car passing the same emitter. FigurE' 17 
is a block diagram of the system. 

'lhe system is composed of three major functional subsystems as identified 
in the diagram - (1) the intersection emitter, (2) the mobile radio 
relay elect~onics and (3) the display unit at the Center. 

The intersection emitter is a small commercially available transmitter/ 
encoder unit which operates in the Citizen band of frequencies. This is 
mounted in the traffic signal controller box and is powered from Ble 110 
volt bus. Output is approximately 100 Mw on a sipgle charmel frequency 
which is coded to identify the intersection location. 
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TIle locati?n signa~ is then picked Ul? ?y the electronics package in the 
patr?l vehlcle as lt ~ears tile.marked ~n~ersection. This eqUipment 
conslsts of a commerc1al1y ava1lable CltlZen band receiver which detects 
~nd amplifies the location signal. The disabling of the squelch circuit 
1n the receiv~r.also cau~es an?ther.ci:cuit, the encoder trigger, to 
g~nerate an aud10 tone slgnal 1dentlfYlng the vehicle. The identification 
slgn~ls are mixed, amplified and fed into the output speaker of the 
receIver which provides an accoustic coupling into the microphone of the 
tra~smitter. As shown in the diagram the encoder trigger circuit also 
actIvates a solenoid which manually keys the transmitter. Accoustic 
coupling 'vas used in the demonstration in order to obviate the necessity 
to modify the existing transceiver units. 

TIle mixed location and vehicle coded signal is received over the existing 
PREP communications system and relayed to the comparator at the Command/ 
Control Center. The signals are the picked off anrl processed throUt!h a 
set of tone ~ecpd~rs. TIle Visual Display consists of a large back lighted 
map of the Clty wlth all street and prominant physical features. This 
dec?der tone signals are used by the Visual Display System (VDS) to 
actIvate a LED unit at the proper intersection to shO\v the vehicle identi­
ficatio~ numbers. The LED.units, once activated, remain ir; that state until 
a new sIgnal from the partlcular vehicle identified is received from the 
field. 
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LOCATION EMITTER SUBSYSTEM 

A connnercial t:ranSmitter-encoder unit with capability of 100 mw output 
in a single frequency was mounted in t~affic signa~ cont:oller boxes 
at selected intersections to function as the locatIon emItter. 

The transmitter/encoder unit selected for use as the location em~tter 
is a standard connnercial product manufactured by Neilson EnterprIses' 
of Orlando, Florida. This unit operates on a single channel frequen~y 
and requires only the applica ti0n of 12 volt DC power to go on the a1:. 
Neilson Enterprises has designed it to perfo~ a general beacon functlon 
as an on-off remote signal with identifiable coding. 

A power supply was assembled in the FTU electronics shop to interface 
with the transmitter/encoder and 110Volt AC power the total system was 
remounted on a single board such that it could be ins~alled in,the 
existing traffic signal controller boxes at selected IntersectIons. 
The power supply was then connected to the 110 Volt AC signal controller 
power bus .. 

Figure 18 on the opposite page presents pictur~s of tile eq~ipment. 
The top photograph is the tra.."1smitter/encoder wIth a scale In the 
foreground to indicate its relative size. TIle other photograph shows 
the emitter package installed in a typical traffic controlle! box. It 
is noted that the antenna has been placed _,' - ~ _, < 

" . ,". ~ to minimize visual exposure to passersby which 
in tUrn might trigger curos i ty and resul t in damage. to the, emitter. ' 
Since the units are 'mounted in the controller box, the,anteIIDa can be 
easily reached from the ground. 

A problem attendant with using the power fronl the traffic controller 
in Central Florida is the voltage surge which may occur due to nearby 
lightening strikes. This also affects the traffic signal circuitry and 
each controller has been provided with a device to bypass voltage 
surges to ground. It is difficult to set the air-gap, however, and 
frequently the signal circuitry is damaged. 

In this configuration the effec ti ve range of the transmitter was' found 
to be approximately 200 feet. Output power rating is 100 mw working 
into 'a SO OHM load. At this distance the signal received by the mobile 
unit in the patrol vehicle has sufficient strength to cause the rec~iver 
to key the transmitter. At just less than 30 mph the vehicle would 
receive the location signal for about 5 seconds. This is adequate 
time since only I second has been allocated for introducing the vehicle 
si5nature and retransmitting the location signal to the Command/Control 
Center. The vehicle electronics contains a 1 second limit on location 
transmissions to mininize interferences with regular voice traffic. 
If this limit were not imposed a vehicle sitting at an intersection 
could effectively destroy voice communication. 
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:rh~ encouer uses a ','micro-fork!! to generate tJle desired tone Signature. 
flus c?lJlponcnt COlY;lsts of a sJlJall steel tuning fork which is driven 
by a plezo-electnc crystal. A second crystal detects the t1..Uling 
fork movement and converts the mechanical motion into voltage output 
at the tuned frequency of the forl(. These circuits are st.able over a 
O~SOo ~ temperature range and have a Q of about 500. Since they are 
mechanIc:::l they do have some inherent limitations. One of the most 
~C'I::ral IS th?i:" ~usceptability to ge~eration of mircophonic s'ignals. 
11n~ can he muulllLZed however by provHUng a controlled vibration 
:nVlTOnnlcnt: No J)ro~lems of this type are anticipateu viith the ~:;j.gnal 
lontroll?r 11lstallatlOll. The transmitter operates on the 26.995MHz 
r-f carrIer frequency in the Citizen Band Control Frequencies. 

Transmitter-Encoder Unit With Power Supply 
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PATROL VEHICLE ELECTRONICS 

The vehicle electronics package consists of a commercial citizens band 
receiver, tone encoder, and PREP transceiver. A standard issue PREP 
radio was used to reduce cost of the test installation and simplify 
the interface with the existing voice communications system. 

The vehicle electronics package must perform several interrelated 
functions to relay the location infonTlation to the Commapd/Control 
Center. Basically the equipment consists of a receiver, an e~coder 
pOl.I[ered from the vehicle electrical system and a PREP transcel.ver used as 
standard issue to the watch personnel. A PREP radio was used to min­
imize the cost of the test installation. In actual practice it would 
be replaced by a transmitter assembled as part of the electronics package. 

Initially the receiver must detect the location signal from the emitter 
as the vehicle enters the intersection. l~en the signal is received two 
functions are triggered, the transmitter is keyed and the encoder is 
triggered to generate a signature tone for the vehicle. Both tone 
signals (location and vehicle) are mixed and transmitted to the 
Command/Control Center. A circuit is also included to limit the 
transmission time to one second. This is necessary to prevent the 
location signals from wiping out the voice cOTIUllunications, especially 
in event of a vehicle waiting for a light or parked near a marked 
intersection. 

A commercially available PACE CB-9 citizen band mobile radio monitor was 
selected to detect the emitter location signal. This is a small 4 3/4" 
wide x 1 1/4" high x 6 1/4" deep lL"1it which weighs about" 2 pounds. The 
squelch mininmum sensitivity is .3SIUV with audio output of 0.5 watts. 
It is noted that the squelch setting can be used to control the effective 
range of the locator emitter. The receiver is packaged with an encoder 
similar to the one"CNeilson Enterprises) used in the location emitter 
to identify the patrol vehicle. A control circuit is included to 
simultaneously.key the PREP transmitter and activate the encoder. The 
transmitter is keyed by a mechanical solenoid l~hich manually depresses 
the talk button and holds for one second. The solenoid in~turn is 
activated by a RC time constant circuit which drives a transistor to 
saturation. 

This permits the tone Signals (location and vehicle identification) to 
be transmitted simultaneously. The signal is detected by the satellite 
receivers which relay the audio signal to the comparator at the Center. 
The comparator selects the preferred receivers based in RF signal strength 
and releases the others. 'rhe RF signal strength is coded at each 
receiver by audio tone for selection at the comparator. The photograph 
of the electronics package is shown in Figure 19 with a scale to indicate 
the relative size. Figure 20 is a photograph of the package installed 
in one of the patrol cars. The mounting under the dashboard was chosen 
to mininize interference with normal actions in the vehicle and exposure 
to possible vandalism during periods when the car may be unattended. The 
mounting is designed to easily accept a standard PREP radio so'that it can 
be replaced at the beginning of each watch. This permits these units to 
be checked out by the same procedure which is being used to issue the 
personnel PREP radios. 

---------~ 
-------' 

Figure 19 Photograph of Patrol Vehicle Electronics Package 

Figure 20 Photograph of Vehicle Electronics Package Installed. In 
Patrol Car 
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COMMAND/CONIROL CENfER ELECTRONICS 

The Visual Display System (VDS) at the Command/Control Center is comprised 
of ~ive major subsystems which convert the analog location and vehi7le 
identification signals into a binary format for storage an~ proce:sslng. 
The information is then reconstituted as analog signals whJ.ch operate the 
visu,al display. 

The electronics equipment in the Visual Display System at the Command/ 
Control Ce~ter must recover the intelligence from the mixed location 
and vehicle identification codes and present this an infonnation on a 
visual display. The two tones, once recovered from the incoming communi­
cation lines, are sent a 600 ohm feedline to a set of tone decoders. 
These decoders are, as were the encoders described earlier, ''microfork'' 
oscillator devkes. Each encoder has a counterpart decoder which responds 
to a specific frequency. The output impedence of the decoder drops 
from a value of infinity to approximately zero when it recognizes its 
assigned frequency. This converts the information into a form compatible 
with operation of the VDS. 

Figure 21 on the opposite page is a functional block diagram of the VDS 
showing it consists of 5 major subsystems.~ Initially the location 
information is processed through the Encoder Wl1ich perform 3 functions. 
It converts the analog input into a 5 bit coded parall31 binary signal, 
codes the intersection signal and routes these into the Memory. 

The Memory holds the information until data from the vehicle at that 
intersection is received. tVhen both intersection code and vehicle 
identification are present, the intersection code is stored in memory. 
A separate register is required for each vehicle under observation. 

The multiplexer '\Ali thdraws information from the Memory. This stage is 
controlled by a clock with a frequency of about 2000 Hz, such that the 
information inmenlory is scanned 2000 times per second for each vehicle. 

The information,still in 4 bit binary format, then enters the Location 
Decoders which convert it to a single analog signal on one of 10 separate 
output lines, keyed to the 10 marked intersections. This signal pulse 
triggers the proper LED (Light Emitting Diode) at the intersections 
illurnina ting them on the Map Display. The LED read out at each 
intersection has the capability of displaying any 3 digit vehicle 
identification number which may enter that i.ntersection. 

The 1£0 units are located such that the operator can identify the 
intersections by a quick visual inspection. An external circuit has 
also been provided to permit controlled flashing in lieu of steady 
illumination to indicate ~le vehicle is an assignment status. Although 
this is presently a separate manual input, it can be easily tied into 
the existing assignment card holder matrix. This circuit opens when 
the card is inserted indicatil1g an assignment which would be translated 
into a flashing type illumination. 
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PERFORMANCE REQUIREMENTS OF VISUAL DISPLAY < 

Some of the more important performance requirements ~or the Display. 
System are concerned with the human factors ~f the vlsual presentatlon 
since the infonnation must be transferred qUlckly and accurately to the 
Command/Control Center personnel. 

The Visual Display is a key part of the. to~al Au~omatic Vehicle L~cator 
System since it transforms the electronlC lntelllgence from the fleld 
into a visible presentation which can be comprehended and acted upon 
by the Command/Control Center personnel. 

To successfully design the presentation, the environmen~ ~n which the 
Display System will function 1'laS first defined. In add 1 tl?n to the 
physical facilities of tile Command/Control Center, the envlronment 
was also recognized as including the dispatch process. 

When a call is received at the complaint desk, the Complaint Officer 
completes a card with necessary information which is then transported 
by a conveyor system to the Radio Operators. There are presently two 
Operators; one handles the East sid~. of t~e City and th~ other, ~he': . 
West. The Operators are seated side by slde at the radlo communlcatlons 
console separated by a card holder at the termination of the ?elt conveyor. 
Immediately above the radio console is a 4' x 6' map of the Clty 
which displays the status of all patrol vehicles. This is presently 
up-dated manually to note the status of all patrol vehicles by insertion 
or withdrawal of cards from the holder. . 

In order to facilitate the ease of assigning units when complaints are 
received, the display syste-rn must be ,a presentation which is readily 
available to both Radio Operators. It must be upd~ted frequently and 
automatically. The readout must also be legible {rom the operator 
PQsition with minimum possibility for error. 

The pTototype visual display (5' x 7') wil~ be larger ~an.the existing 
nmp. Districts 35 and 36 \'lere cho~en fo: lnstrumentatlon for the ~urpose 
of this study after consultation w~th Unlformed Bureau personnel Slnce 
they encompass a large area with diverse activities. Ten intersections, 
considered to be of primary importance, were chosen initially to test 
the system. Two cars ''lere equipped so that the distinguishing 
capability of the system could be tested. Both cars will pass the 
same intersection at different times. Although limited to two districts 
at this time the design of the display is such that it can be readily 
expandable to incorporate all districts if desired in the future. 

Figure 22 on the opposite page illustrates the method of readout which 
is required to identify the patrol vehicle with the intersection. The 
display utilizes a mylar map of the City with all major physical 
characteristics and intersections shown and modified to accorrnnodate 
lights to identify the vehicle. The nmp \'las sandhiched beulleen glass 
and backlighted for easy reading. 
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A.des~gn consideratio~ was the illumination level of the Display. 1he 
llghtlng should be brlght enoug]l to be easily read by the Operator but 
dim enough to minimize glare. Since it is possible that many diff~rent 
Operators will be utilizing the display the light intensity is 
adjustable. 

Each major intersection was denoted on the map by a three digit 
readout which tells which yehicle is in the intersection. These 
characters must be large enough for the Operator to read easily. The 
Radio ~p~l'ator is a~proximately ~vo to three feet from the Display. 
~n addltlon to showlng the locatlon of a vehicle the Display must also 
2nform the operator of the vehicle status--assigned or available. 
This Hill be done Hith a flashing display at the intersection if the 
vehicle is assigned and a steady signal othel~vise. 

The Display is also able to process new information every second. 
This is the minimum time interval reauired for transmission of new 
data to the System. The Display holds information about a specific 
intersection until the intersection is occupied by another vehicle or 
the initially displayed vehicle moves to another instrumented 
intersection. 

Figure 22 Typical Display Of Hajor Intersection Shows How Information 
Would Be Presented To Identify Patrol Vehicle And Its Location . 
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VISUAL DISPLAY SYST~1 DESIGN 

A multiplexing digital circujt design using LED elements to. identify 
the patrol vehicles was used because it offers the best 7holce for 
positive display, is relatively low cost, and can be eas1ly expanded 
to accommodate /Eowth in the future. 

Input to the Visual Display System (VDS) consits of twelve data lines, 
ten of which carry location data and t~o of which carry vehicle 
identification data. These lines are connected directly to the output 
of the decoder unit so that, when a dual tone is received by the decoder, 
two of the input lines to the VDS (one for the car and one for the 
intersection) are brought to a zero level. This consti~utes ~ l~ading . 
of digital information into the VDS. The process by Wh1Ch th1S 1n~ormatlon 
is converted into an actual visual display is shown by the block dIagram 
in Figure 23 . 

The first stage of the display unit circuitry, the BCD encoder, transforms 
the data on t.he location lines into binary fonn, which is more easily 
handled by the digital circuitry that makes up the VDS. This is done 
by means of a diode encoding matrix, the output of which is a four-bit 
positive logic binary code. This infonnation is then transferred 
simultan~ously to vehicle location memories A and B, the A and B 
deSignating which vehicle is at the received location. The information 
on the vehicle identification lines determines which memory unit 9 A or 
B, will receive the infonnation. For example, if the level of line A 
has dropped to zero, the information will be stored in memory A and if 
the level of line B has dropped to zero, the information'will be stored 
in memory B. 

The outputs of the location memories are fed to the inputs of a multiplexing 
stage. This stage is a clock driven integrated circuit which) depending 
on whether the level of the clock signal input to it is low or high, 
will output the infonnation from memory A or memory B respectively. The 
clock that drives this stage has a continuous square wave 'output. That 
is, its output wavefonn is a sequence of consecutive high and low levels, 
each of the same time duration, providing a constant frequency of 
oscillation for the waveform of several thousand cycles per second. This 
means that the multiplexer will alternately output the information stOl'ed 
in memory A and memory B several thousand times in one second. This 
information, still in four-bit binary fonn, therl enters the location 
decoder which converts it back to a single signal on one of ten separate 
output lines representing the ten different intersections, These lines 
are connected directly to the cathodes of the ten three digit seven-
segment light emitting diode readouts that visually display the identi­
fication numbers of the patrol vehicles on the map. 

The readouts are placed at the monitored intersections on the map so 
that when a location memory unit .indicates that a vehicle is at a given 
location in the City its identification number will actually be displayed 
on ~le map at that location. Each time a vehicle enters a different 
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monitored intersection the information stored in its memeory section 
of the VDS circuitry will be updated and the infol1nation corresponding 
to its previous location will be erased. It is also of interest to note 
that information stored in a location memory will be displayed until 
it is erased. This means that during the time a vehicle travels between 
two intersections the map will continue to display its identification 
number at the last intersection it passed through until it arrives at 
another monitored intersection. By this means a fairly continuous 
display of the vehicle location as it travels \vithin the City is 
achieved. -.~.~- --

f" ~ J One of the main advantages to this design is its fleXibility, in that 

l
"-... -'_'.-.I"]-- intersections or vehicles can be added without redesigning. The only 

__ changes would involve increasing the number of registers and the size 
of the multiplexer. This would allow the system to be expanded at a 
rate consistant to the availability of funds, without large variations "1 in cost due to redesign. 
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~1ICLE IDENTIFICATION NUMBER GENERATOR DESIGN 

The vehicle identification munber generator operates in a binary mode 
to activate LED tmits and uses the clock signal as a method of 
synchronizing the generator of vehicle munbers at the respective 
locations. 

The Orlando Police Department uses three digit numbers to i~entif~ 
their patrol vehicles. The first digit identi~ies t~e.wor~Ing ShI~t; 
the day being divided into three. shifts, t~e. fIr~t ~:LgIt wIll 1;>e e~ther 
a one a two or a three. The fInal two dIgltS IndICu.te the dlstrlct 
to which the'vehicle is assigned. In this particular case districts 
35 and 35 are being monitored and two vehicles are involved. Therefore) 
the vehicle identification nlunbers will be either 135 and 136, 235 and 
236, or 335 and 336. These numbers are produced within the map circuitry 
hy the unit identification number generator. 

This section of the \TIS consists of three seven-segment LED readout 
drivers, one for each digit of tile car identification number. ~ese 
devices convert four-bit binary codes at theil' inputs to seven-bIt 
codes at their outputs. When these seven-bit codes are applied to 
seven-segment LED t'eadouts, arabic numerals corresponding to the 
input binar,- codes are formed. Therefore, if each dig~ t o~ a patrol 
vehicle identification number is converted to a four-bIt bInary code 
ana these codes are applied to the unit identification number generator's 
inputs, the result will be a numeric display of the·vehicle number at 
a selected 10cation on the map. It should be noted here that although 
the output3 of tile unit identification generator are fed simultaneously 
to all the readouts on the map the digits will only appear at 
intersections that also have a signal applied by the location decoder. 
And the location decoder only generates one intersection location at 
a time. 

From Figure 24 it can be seen that the clock signal is also fed to 
the unit identification generator. This provides the method of 
synchronizing the generation of the vehicle numbers with their locations. 
That is, when tile location decoder applies a signal to one of the 
intersection locations the identification generator must be caused to 
generate the correct set of digits identifying the vehicle at that 
location. The clock output waveform merely s:v.nchronizes the location 
mUltiplexer and tmit identification generator so that when the 
multiplexer outputs the information from locations memory A the 
identification generator outputs the seven-segment code identifying 
vehicle A, and likewise foy. memory B and vehicle B. 

Due to the fact that the three digit LED readouts contain only one set 
of input data lines to be shared by· all three digits, it is not possible 
to display all three digits of any vehicle ntunber simultaneously. To 
avoid this a three digit control device has been added to the circuitry. 
This device, also synchronized with the clock, has three separate 
output lines, of \'lhich only one at a time rnay provide an output pulse. 

95 
That is, the first, second a~c1 third ou~put lines will consecutively 
c~rry pulses.but no P1:1lses WIll occur sImultaneously on more than one 
hne. The tIme duratIon of these pulses is twice that of a clock 
pulse ,~nd they are used to con~ec1:1tively enable the three seven-segment 
L~D dIIve::s. The result of tIns IS that the first digit of vehicle A 
wIll be dIsplayed; followed by the first digit of vehicle B followed 
by the. second digit of vehicle A, and so on. It should be ~oted here 
~hat sIn~e ~he whole process occurs several thousand times in one second 
anyon~ vI~wIng the map will get the impression that the six digits 
constl tutl11g the two numbers are heing displayed simultaneously. . 

The only.control~ externa~ to. the display unit circuitry are those 
controllIng the flasher cIrcuItry and shift numerals. The flasher 
controls ~re two togg~(:. switches that provide a means of coupling a 
pulse traIn of 2pproxImately one pulse per second to the location 
multiplexer. This signal is used to flash the number of either 
veJ;icle A or vehicle B or both A and B to indicate whether one or both 
un~ts are on call.. The shift control is a three position lever switch 
\v};Ich causes the flrst digit of t}le identification generator to be 
~Ither a ?ne, a two, or a three, indicating during which shift the car 
IS operatIng. 

Figure 24 Photograph 0 f Hemory, r'lul tiplexer and Identi fication Number 
Generator CiTcui try Of The 'I,' lsual Display System 
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B~sed on interest and capabilities indicated on the survey questionaire three 
flrm~ associated with the systems judged most feasible for OPD were sel~cted 
f?r.l~-depth.discussions:. ~his was ef~ected ~y the Pr~ncipal Investigator 
Vls~tl~g thelr plants,.vlewlng t~e equl~ment ~n operatlon, and specifically 
~evlewln~ the OPD requlrements wlth thelr englneers. All them furnished 
lnformatlon on conceptual designs fo~ OPD. 

LOCATES ,~~ develop~d by Applied Te~llllology of Costa Mesa, California, using 
the Proxlffilty Technlque. An operatlonal system has beell installed for the 
Hontclair, California, Police Department under a grant funded by the California 
Governor's Council on Criminal Justice. This system has been operational 
fo: over a.yea-r.and provides a~tom~tic location of police vehicies on a map 
grld and dl~p~a~ at the co~un~catlons center. It also includes keyboard 
f?r 10 COd3 dlgltal communlcatlon between the patrol vehicle alld the 
dlspa tcher, and the capability for the officer while away from his vehicle 
to U11?btrusively transmit an emergency alert message. The display is a large 
backllghted stre€lt map of the city on which the v.ehicle locations are shmvn 
by lights fat the' intersections. The display also maintains status information 
on all vehicles and command officers on a side panel. 

Sierra Research Corporation of Buffalo, New York, developed and demonstrated 
an Automatic Vehicle Locator System under contract DOT-VIT-I0024 from the 
Department.of Transportation. The demonstration was conducted in Philadelphia, 
Pennsy~v~nla, and resu~ts doc~ented in Final Report TR-0932, February, 1973. 
In addltlon to the baslc locatlon function, the Sierra System also has tl1e 
capability to transrflit 8 standard 10 code messages in digital format. This 
includes an unobtrusive transmission of an "officer-needs-help" signal. 

The system utilizes the phase difference of vehicle-transmitted UHF signals 
to determine distances of the vehicle from a number of sensor stations. In 
the case of OPD the existing satellite receiver sites could be used. The 
display utilizes a cathode ray tube on l"hich the vehicle location is shovm 
on a grid map. An incident location can be entered by the dispatcher using 
an electronic press-board equipped with map overlay such that the computer 
1vill search out and display the nearest available vehicles. 

Over the past t\vO years, the Boeing Company in cooperation with the Wichita, 
Kansas, Police Department has developed a prototype police vehicle locator 
system known as FLAIR. FLAIR is based on the dead reckonin,g technique 
alld updates the location of each vehicle every 2 seconds. This information is 
displayed on a video map and the dynamics of the display aTe such that the 
dispatcher can estimate the vehicle travel rate and observe when they stop. 
Each dispatcher can individually select a portion of the city for detailed 
observation and "zoom-in" to read street names. To locate vehicles closest 
to an incident the dispatcher uses a cursor which automatically causes the 
eight nearest vehicles to be displayed on the map. The system also has 
the capability of digital transmission of up to 99 different "10 coden 
messages and an emergency "officer-needs-help" call. 

The system utilizes the vehicle odometer and a solid state magnetic compass 
to obtain distance and heading information. The design rationale combines 
inexpensive on-board components augmented by a computer at the Command/Control 
Center to provide corrective feedback to enhance the field data and increase 
the inherent "drift" of a dead reckoning system. 

".,--.~--------------------



<: 

< 

98 

APPLIED TEQfNOLOGY L00vATES SYSTEM 

LOCATES is an Automatic Vehicle Locator system which was developed by 
Applied Technology using the Proximity-Sensor technique. An operational 
system has been installed bv the Montclair California Police Department 
for evaluation under a grant funded by the California Governor's Council 
on Criminal Justice. 

The Applied Tec1mology Division of Product of Information. Systems, Costa 
Mesa, California, has developed an operational Proximity System, LOCATES, 
for the City of Montclair, California. This was accomplished as part of 
a study project funded by the California Council on Criminal Justice under 
Grant Number 192 and final report on the Phase I effort was issued in 
March, 1972. The demonstration LOCATES system provides automatic location 
of police vehicles on a map grid display at tile Command/Control Center 
using an active signpost sensor, and also includes capability of 
digital communications between officer in tile patrol vehicle and the 
dispatcher. In addition an integral part of the system is the capab ili ty 
for the officer while away from his vehicle to unobtrusively transmit 
an emergency alert message to the dispatcher. The scenario shmm in 
Figure 2S illustrates tile LOCATES approcah to police requirements for an 
Automatic Vehicle Location and status Reporting System. 

As shmm in Figure 2S , police units are automatically located by the use 
of Wayside Emitters lIv1rich are strategically placed tilroughout a prescribed 
geographic area .. These Wayside Emitters transmit, via a specified radio 
frequency, digitally coded location identification data to police vehicles 
as they pass within proximity of the Wayside Emitters. Each police unit, 
in turn, transmits this location data and its identification to the police 
Connnand Center (Headquarters). At tile Command/Control Center, the location 
o~ each vehicle in the System is automatically displayed to the dispatcher, 
D~splay techniques for Vehicle Location include large wall-type map 
dlSpl~ys, as well as console displays for use by individual police personnel. 

S~atus messages are digitally t:ansmitted via a radio frequency communications 
11nk to and from the patrol vehlcles by means of convenient small size 
keyboards. These keyboards are located in the patrol vehicles and the 
Command/Control Cente: for use by the police personnel. Incorporated with 
these keyboards are dlsplay panels to enumerate messages received by the 
patrol vehicles and by the Dispatcher at the Center. 

In addition to vehi~le location and status reporting capabilities the 
LCX?-TES System provldes for emergency signalling by a Police Officer 
whl~e away from his patrol vehicle. A miniature belt unit enables the 
offlcer to transmit a signal to the police vehicle, which re-transmits 
th~ Juessage to the Command/Control Center. At the Center annunciators 
(ll&~ht and buzzers) alert the Dispatcher that a particular Officer needs 
ass ].s tance . 
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Applied Technology is now workin with h . . 
on. Phase II of the study which h~s b t~ ~ontclalr Police Department 
ThlS effort involves installation ofe:nf l~ ed by t~e Governor's Council. 
for ~he Montclair and Chino area T dU Y operatlOnal LOCATES System 
and l~ being evaluated for its oS~rat~o ~te, the ~ystem has been installed 
The flnal report is scheduled fo~ subm.nttallansd malntenance effectiveness. 

1 a, eptember 1973 
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SYSTEM OPERATIONAL DESCRIPTION-FIELD EQUIPMENT 

The LOCATES Field Equipment is designed to utilize the existing mobile radio 
communication system in the patrol vehicle, and includes no~ only 
the location function but also 10 code digital message receIpt and 
transmission and an emergency 'tofficer-needs-help" signed capability. 

Operationally the field equipment can be classified into three major 
functional areas-vehicle location, 10 code digital conmlmication, 
and emergency signal conununication. The location function consists 
of the wayside emitters and the vehicle electronics which receive 
and transmit the location data via radio link to the Command/Control 
Center. Each wayside emitter contains a repetitive code generator, 
modulator, and 1m\' powered VHF transmitter. The emitter code is 
set to identify a discrete signpost in the city. Figure 26 on the 
opposite page is a picture of a typical wayside emitter used in 
system at Montclair California. Tlle electronics consist of solid 
state components housed in a \~eather proof, tamper resistant enclosure, 
8" x 6" X 3". These tmi ts were battery pm\'ered for ease of installation 
and relocation during the development phase of the program but can be 
readily converted to AC poweT for a pel1nanent installation. The units 
in Montclair are located on traffic signal structures at a height 
which makes it difficu] t for the average pe~son to reach from the 
ground. It is significant to note that during the initial 18 months 
of system operation, not a single act of vandalism against the emitters 
was noted. 

Each patrol vehicle in the system is equipped with an electronics unit 
which contains a receiver, decoder, position, vehicle identification 
and status register and FSK tone modulator. TIle electronics package 
is approximately 7" x 8" X 11", and is configured for rapid and easy 
replacement down to the circuit board level. This gear is coupled 
into the normal communication radio system in the vehicle. As 
described earlier each emitteT signal is coded to identify its 
physical location. This signal is received, again tone coded to identify 
the vehicle, and transmitted via the radio link to the Command/Control 
Center. 

The vehicle electronics also include a display and keyboard mounted 
betlNeen the front seats for transmission and receipt of 10 code digital 
messages. TIle display used in the demonstration at Montclair contained 
three message codes as sho'.m in the photograph in Figure 27. It 
measures approximately 3" x 9". 

Also included in the::: field equipment is a Personnel Remote Transmitter 
which can be used to let headquarters know he needs help. Since 
headquarters also knows his vehicle location it permits the dispatcher 
to send the nearest field units to his aid. This unit is about the size 
of c:- cilfarette package and ~s cm:ried. in a case mounted on the police 
offJ.cer s belt. Tlle transmIt button IS located on the underside of the 
case to guard against accidental activation but still permits the officer 
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to signa] without making an overt move" , 1 " 
cannot reach his vehicle. A )llOtorrra 1 III event t}at he 1S surrounded and 
belt is shown in PiQUre 28 1 Tl to, P: ?f the" Wllt mmmted on a t)11ical 

" " "/;;> • le rdnSJnl tter 15 a low po . 1 
rD11~e unIt desIgned to operate the IXl.trol "h" -I" ~er, s ~ort dUYJno tJl . '1' . (. v<:; Ie e transcel\rer fest 

"b e eva u~t"LOn progTC:un In Montclair showed tl '. t tl . . ~ -
was" almost two C.l ty blocks lmder ideal cond' ." 1d le slgna~ 1 ange 
belund a parked truck or inside' b 'ld' IhtlOns . When the offIcer was 
50 feet. a UI mg, owevcr, the range was about 

Fj gun.' 77 
"- ... 1/ 

Figure 7(, 
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Patrol Unit Display 
lind Kcyho(JT(1 

l.()CATLS Wayside Emitter 

Belt Unit Transmitter 
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SYST~l OPERATIONAL DESCRIPTION-CQ~~/CONTROL CENTER EQUIPMENT 

The Command/Control Center equipment is designed to \~ork throu¥h ~e 
base station communication set to receive the location data whlch lt 
then automatically displays by lights on a large map overlay of the city; 
it also includes capability of digital communications and dlsplay of 
field force status. 

In the LOCATES System the tone coded signals transmitted by tile patrol 
vehicle mobile radio and received via the conventional base station 
communications unit. The location information is then extracted and 
processed by an electronics package which is designed to interface 
with the base station equipment. This unit consists of an FSI( . 
(Frequency Shift Key) demodulator, display logic and display electronlcs. 
In a PREP c6mmunicat~ons system, such as Orlando has installed, 
the audio signals \vould be obtained f-rom the output of the comparator 
unit which receives and detennines which satellite receiver should be 
used based on strength of signal. 

As described earlier each signpost transmitter unit is assigned a 
distinct tone location code. This signal is received by the, patrol 
vehicle mobile communications unit where a new tone code is added by 
the locator electronic equiprnent in the vel1icle to identify the partic­
ular-vehicle. The resulting u~o tone identification code is modulated 
by the FSK unit and then transmitted to the Command/Control Center. 

The locator electronics at the Center subject the signals to FSK 
gating circuits. These identify the signals and activate a light 
corresponding to the signpost location on the map and the identification 
mnnber of the patrol vehicle. These lights remain activated until the 
patrol vehicle passes another Signpost transmitter station. This 
causes the holding circuit to drop-out and release the lights while 
at the same time the new location/ide~tification lights are activated. 

Figure 29 on the opposite page is a photograph of tile Command/Control 
Center display used in the Montclair LOCATES Phase I demonstration 
system. The Display consists of a backlighted map which is opaque 
except for the streets and geographic landmarks. The signpost lights 
are located at the assigned intersections together with the vehicle 
identification number. In addition the lights are wired to blink 
slowly if the vehicle is on assignment and rapidly if on a hot pursuit. 

The left side of the display contains display lights indicating the 
status of all vehicles in the department. nle status of each 
unit on field check is automatically updated and displayed as messages 
are digitally transmitted to the Command/Control Center from the patrol 
vehicles. 'The display unit is also equipped with a digital messaae 
keyboard with which the Dispatcher can communicate with the fieldC> \LTlits. 
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SYSTEM PERFORMANCE CHARACTERISTICS 

Performance characteristics of the LOCATES System are heavily 
dependent on the density and number of signpost emitters \~l~ch ~re 
used to cover the patrol area; a density of 10 per square mll: lS 
recommended based on operating data obtained from the Montclalr 
Police Department system. 

The performance of a proximity system is largely a function of the 
number of signpost emitters and hmv their data is encoded and 
transmitted to the Command/Control Center. Accuracy for example 
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is not dependent on the precision of the emitter/sensor circui~ry. 
This contrasts directly with the other systems where accuracy 1S 
depended on precision components and design of inherent correction 
feedback loops. In the LOCATES System inexpensive low-power emitters 
are used to communicate with the existing mobile radio in the patrol 
vehicle. The mobile radio then completes me relay link to the Center. 
The perfonnance cost tradeoff in this type system is beu'feen the number 
of sensors and their installation/maintenance cost. 

The LOCATES System typically is designed for a density of about 10 
locators per square mile. These are strategically located along the 
most frequently travelled streets and at "choke" points which the 
vehicles must pass. In a purely random patrol assignment 10 emitters 
per square mile may not be adequate to maintain required contact with 
the patrol vehicle. Additionally some districts are more active than 
others and greater accuracy and contact would be ~esirable.. Each system 
must be examined and designed to satisfy the requirements. This 
concern is reflected in the Performance Summary Table 16 on the opposite 
page. 

Another significant operatiQnal characteristic which impacts the 
performance is the method~of transmitting the location data to the 
Command/Control Center. Utilization of the normal voice channel imposes 
an additional load which is a dii'ect function of the number of emitter 
locations. Recoding of the location information in digital format 
reduces the air time. Hard wire transmission can also be'used. This 
might be feasible in districts wh~ch have a high density of call boxes, 
such as the inner core of Orlando'. Also to be considered is the 
utilization of the Cable 1V netlvork which exists in Orlando. 'TIle 
franchise agreement with the City typically provides that the City can 
use it without charge. 

The LOCATES System has been designed for effective maintenance by 
replacement at ~e compon~nt level. 'TIle mininizes the support 
requirement of Police ageTlcies and. permits non-tec1mical personnel 
to perform routine maintenance. Applied Tec1mology provides modular 
replacement components a.nd repairs those 'vhich haOle malfunctioned in 
0eir shop. Complete operation and maintenanc . mannuals are SUp)1,lied 
Wlth th( system. . 
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TABLE 16 
SYSTEM PERFORMANCE SUMMARy 

Vehicle Tracking Technique 

Data Link Requirement 

Data Format 

Area of Coverage 

\ 

System Accuracy 

Tracking Hode 

Number. of Vehicles 

Computer 

Dispatcher Display 

Real Time-Proximity 

Any licensable mobile base 
radio channel which will 
sup~ort 20db signal to noise 
ratlo 

----------~------

Limited only by communications 
data link range 

Depends on density of emitter 
locations 

Fu~ly automFttic1.lp date, 
tr~ggered.by vehicle detecting 
emltter 5l.gnal 

Unlimited 

Not required 

Backlighted area map with streets 
and salient pliysical features 
of the area. Vehicle location 
shown by L.E.D. numbers at 
intersections. Includes 
status of field forces and. 
digital communications in 10 
codes. 

'r 
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SIERRA RESEARCH CORPORATIO~ SYSTEM 

The Sierra Research AVL System uses the Phase Trilateration location 
tf~hnique and thus offers the advantage of being able to utilize the 
existing satellite receivers of the Orlando Police Department PREP 
communications system. 

Sierra Research Corporation of Buffalo, Ne,., York, has developed a.nd 
demonstrated a practical Automatic Car Locator System under a contract 
DOT-WT-I0024 from the Urban Mass Transportation Administrat~on of the 
United States Department of Transportation. The demonstr<;tt~ol1 \<las 
conducted in Philadelphia, PelTI1sylvania, under the supervlSJ.on of DOT 
and results \1ere documented in Final Report TR-0932 issued February 
1973. The results of this demonstration were that on over 5,000 
locatioos in the dense high rise area, Sierra was able to "track" a 
vehicle within an mrs accuracy of 650 feet. The location information 
is presented at the Command/Control Center on a display unit designed 
to complement the existing dispatch system and ell3bles the dispatc~e:­
to detennine the closest available vehicle to an iucident. In addltlon 
to the basic car location function, the Sierra system also has the ability 
to transmit 8 standard messages in digital format from the veh~cle to 
the Center. This includes unobtrusive transmission of an "offlcer-
needs -hel p" signaL 

The Sierra System Concept is shown in block diagram form in Figure 30 . 
This configuration is designed for locating 20 to 30 vehicles; however, 
for simplicity, only one vehicle is shown. The system utilizes the 
phase (time) difference of arrival of a vehicle-transmitted UHF signals 
(location time) as received at n ntunber of sensor stations. The 
location tone, after demodulation at the various satellite sensor 
stations, is transmitted via dedicated telephone lines to the Corrunand/ 
Control Center. The relative times of arrival of the location tone 
from the various satellites are compared in a unique malmer at the 
Center with the aid of a computer to determine vehicle location. 

The display utilizes a cathode ray tube on which the vehicle location 
is shown on a grid map. To correlate the vehicle location ,'lith the 
incident th::' (;,lspatcher uses an electroniC "press-board" which has an 
over lay of dD area map. By pinpointing the incident location on the 
press-board with an electric pen, an expanded scale display is created 
with the incident at the center. The computer then searches out the 
Ina-rest available vehicles and displays their positions and vehicle 
numbers for reference. Available or assigned status of the vehicles 
is indicated by colored light on the display. 

In Figure 30 the blocks representing existing equipment have been 
shaded to shmv how the Sierra System has been designed to incorporate 
and .interface with equipment. c?mprising a typical police system. 
B<:-slcally, the .P:VI: system utll:zes exist~ng. cOl1nmmications equipment 
wlthout compromlslng normal VOlce tranSID1SS1.0ns. In operation, voice 
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communications would be handl d' th 
with the minor exception of aes~~ Si:n~~~lt~:~:~i~~ed~;~e~/i~e~~enCies 
'tSeCondfevery 3.3 seconds on the dispatcher frequency All data/locatal' 

ones rom the vehicles 1 th h k . .' on 
on a single independent ¥r~~u~nc;~ ouse eeplng slgnals WOUld be transmitted 

;tp~pn(~ed thai ~~~ appr?ach offers a high degree of compatibility wjth 
s stem t e:-sona 10 Equlpped P?lice) communications system. The Plt6P 
l~ated IT1C~11i u~es low power. fleld transceivers and satellite receivers 
time the Or~~~o e~~~i~!e~~pt=~~t~~~~spREPthroUghOtut ]the C

9
ity . At the . present 

. '. sys em 18.S such sa telll te 
recelver statlon~ WhICh have proven signal coverage. By usin existin 
~~q~:;df~yeqUaenTrCll'leaStthetS~ receiver stations could function as~the~sens~rs 
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SIERRA AVL SYSTEM OPERATIONAL FEATIJRES 

The basic system philosophy is contained in the baseliI?-e sy~t~m. 
conception where the location data is transmitted by tJ.me dJ.vJ.sJ.on 
!!1Ultiplexing at a rate of 4000 time "slots" per minute. 

To conserve the use of the R-F frequency spectnnn, Sierra Research 
has chosen to use a time division multiplex scheme for their Automatic 
Vehicle Monitor System. The basic repetition period (an p,poch) is one 
minute long. 'TIle epoch is divided into ten equal "cycles". Each 
cycle, then, is subdivided into 400 equal time "slots". A time.slot 
is 15 milli-seconds long. All AVL vehicle transmissions occur ~n. 
assigned slots, thereby giving each vehicle an "address" or posJ.tJ.ve 
identification. 111ere are 3 ms of dead space and 12 IDS used for 
information transmission. Of the 10 cycles, nwnber 0 and 5 are used as 
data cycles, and numbers 1,2,3,4,6,7,8,9 as location cycles. 

With this configuration, Sierra, for variable route vehicles (as police 
cars), assigns specific time slot? for each vehicle, which provides 
8 location slots and 2 data slots per vehicle, which gives an up date 
time on location once every 7.5 seconds. In a single multiplex channel, 
340 vehicles could be accommodated (the other time slots being used for 
emergency alert condition and status data transmission). 

In operation, the .lOcation transmission can be accomplished even 
though tile vehicle transmitter is being used in voice communications 
as the 15 TIIS duration the transmitter is keyed to the AVI,' ,frequency 
will not noticably disrupt this voice'mode of operation. With this 
system, continuous location information is being transmitted witllout 
the need for interrogation transmission required from the base station. 
However, repetition rate sync information is needed (at least once 
every 6 minutes) from the master sync clock at ~~e base station to keep 
the vehicular sync clocks in the right synchronous relationship for 
correct vehicle identification. To keep this s~uchronous relationship, 
a 2-pulse sync signal is transmitted from the base station transmitter. 
which puts the vehicular AVL base line unit "in step" with the master 
clock of the base station. 

With this basic synchronous information transmission set up, continuous 
location data is sent from every vehicle being monitored to the various 
sensor stations. The sensor receiver demodulates these signals (translates 
down to audio frequencies or digital information) and sends them, via 
designated telephone lines, to the base station '~lere location circuitry 
'measures" the phase differences for each individual vehicle from signals 
received at different sensor location. 111is information, along with 
sensor station location, is fed to a series of 5 small computers, which 
through multilateration computation, establishes the location of the 
vehicle. A block diagram of the complete system is shown in Figure 31 . 
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VEHICLE EQUIPMENT 

The vehicle equipment is designed to provide continuous location data 
via the eXisting mobile transceiver as long as the receiver is on and 
the transmitter can be enabled. 

In the Sierra System, the vehicle transceiver normally operates in the 
voice cormnunication mode, but for each occurrence of its assigned time 
slot, the transmitter is automatically switched frOTIl the voice frequency 
to the Locator System frequency. The transmission of the data/location 
tone for each vehicle is only 100 milliseconds in duration which causes 
no degradatio~ of the voice cormnunications. 

Each vehicle is assigned a time slot in whiCh to transmit a data/location 
tone. The time slots are 100 milliseconds in duration and 33 are required 
for a complete cycle. Of the 33 time slots, one is assigned to calibration, 
another for synchronization, and one is used as a spare. This leaves 30 
time slots for 30 vehicles. Data/location tones from each vehicle are 
transmitted approximately once every 3-1/3 seconds, or 18 times per minute. 

When each vehicle enters the system, the vehicle is in an unsynchronized 
state. TIle trfuisceiver in the vehicle monitors the vehicle voice receiver 
output and detects the "sync" signal through a special filter circuit. 
Once synchronization is achieved, the vehicle transmits the data/location 
tone in its a.ssigned slot once every 3-1/3 seconds by modulating the carrier 
frequency. 

The data location tone of 100 milliseconds is divided as follows: 

Data Transient 
j~T=1ffi~'_e ______ ~~T~im __ e ____ ~ ____ L_o_c~a~t~i_o_n_T_o_l_'le ______________ J 
'-20 ms 20 ms 60 ms 

During the 20-millisecond data portion of the transmission, information 
relative to the odometer is given to ascertain the amount of movement 
since the last transmission (3-1/3 seconds earlier). Also during the 
data time, one of eight preselected messages is indicated to determine the 
status of the vehicle. The transient time of 20 milliseconds is used as 
a buffer between the data and location tone. The location tone is 
transmitted for 60 milliseconds. This "burst" consists of a carrier modulated 
by a sine wave location tone to assure that the spectrum is fulJy compliant 
with FCC regulations. 

A brief discription of the principle signal can be related to the block 
diagram presented in Figure 32. 

Detection of S~c Pulses & Reset of Timin~ Chain Sequencing: There is a 
two tone sync slgnal (267 HZ & 1500 HZ) w ich when received, sets the 
vehicle electronics in the proper time division sequence. The first tone 

--.-.-'---~,,----....... -------

III 

alerts th~ eq~ipment of a sync signal, the second directs the acquisition 
co~~rol clrcultr~ to reset its tim~ng.clock in the proper sequence. Each 
ve lcle has a preprogrammed transmlsslon time slot allol~ing the location 
tone to be 'gated' out at its specific identity time. 

Location Tone ~enerator:. Th~ tone generator consists of a 384 KHZ crystal 
~ontr?lled osclllat?r WhlCh lS accurate to within two parts in 106, allowing 
ltS t~e base.to drlft no more than l201U sec per minute. Because of this 
the Ulllt r~qul~e~ a sync signal only once every 6 minutes. The 384 ICHZ ' 
~requency. lS dlvlded by 128 to obtain the final 3 KHZ location tone ,\<lhich 
~s transmltted. ' 

er~tional Signal Lev~l Condit~ons: Since sync signal detection is 
POSSl Ie w en e Carrler-to-Nolse Ratio (CNR) is greater than 10 dB, the 
following calculations were made to show that adequate signal levels do 
exist. 

Base Station Power (250 W) 
Transmitter Antenna gain 
Transmitter Losses 
Free Space Attenuation (10 miles considered) 
*Exce~s path loss (due to tall buildings) 
Recelver Antenna Gain 
Receiver Losses 

Total Carrier Sign-31 Pmver Received 
Input Noise Power: 

Receiver Noise Power (KTB) 
Receiver Noise Figure 

Total Noise Generated by Receiver 
Urban Environment Noise (-147 dB/HZ) for 16 KHZ BW 

.... 
"'''IVI", 
OItc-'''''''''''OIi 

Figure 32: AVM Vehicular Unit Block Diagram 
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2 dB 
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SRNSOR AND CALIBRATION STATIONS 

The AVL Sensor Stations are equipped with typical PREP system recei~rers 
which pick up location signals from the vehicles and convert these 1r:to 
audio signals which are then relayed to the Cormnand/Control Center V1a 
dedicated telephone lines. 

Sierra has indicated that 9 sensor stations in and around a 25 square 
mile area would be required to provide adequate coverage ir: an urb~n 
environment. This is based on infonnation from the DOT Ph1ladelph1a ~e~ts. 
Of the 9 sites, 7 would perform a sensor function only and. the 2 rema:~n1ng 
would be Combination Sensor-Calibration stations. The equlpment woula be 
the same as used in the Philadelphia demonstration tests. 

The sensor stations should be relatively high to provide a maximum 
unobstructed view of the area. All electronic equipment would be housed 
in a tamper-proof, weather-proof steel enclosure \vhich has an adjustable 
thermostatically controlled heater/fan to prevent the temperature from 
exceeding preset values. Power would be supplied from a regulated power 
supply. 

A block diagram of the Combined Sensor-Calibration Station is presented 
in Figure 33 . As noted earlier, there is one calibration time slot 
(1/10 of a second) for every complete cycle (3.3 seconds~ .. With two 
calibration stations, one toward each end of the area, 1t 1S planned 
to alternate t]le calibration transmissions from one station during the 
first cycle (3.3 seconds) and from the other station on tile'next cycle .. 
This arrangement permits calibration of the sensors at ea~h of. the com~lned 
stations. TIle ideal selection of the combined Sensor-Cal1brat1on Stat10n 
would be of sufficient height so all the other sensors will be in line-of­
sight to be relatively free from multipath. 

In general~ tile receivers would use onmi-directional antennas, however, 
those at the outside edge of the system would have antennas with 1800 

beam widths. The receivers would be similar to those used in the normal 
PREP sys~em (450-470 ~~), but include a delayed AGC system to hold the 
output signal constant when input signals are 80 dBM or greater. A PIN 
diode attenuator would be used to implement the AGC because of its 
characteristic fast acting ability and because it does not introduce any 
phase distortion. To reduce variations of receiver phase delay for 
signals from different tnmsmi tters, an Automatic Freql1ency Control would 
be employed. 

Based on the average minimum and maximum vehicle to sensor distance of 
1.5 to 3.75 miles, the following average signal levels were calculated 
to exist. 

> " '--'---:;-7~- -
·<C ___ ,. "--:;--.•. '""'":=--..;.:;,-;-'---=.....,.-.• '-~,.,':"'-.H."' •. ""O:;= ... _i-_, ... """ ...... l>_ ... _,, ___ _ 

Vehicle to Sensor Station Radio Link 

Sensor Station Received Carrier Power 
transmitter output power 20 watts 
Vehicle signal transmit gain 
Mean Propagation pam loss 
Sensor Station receive gain 

Sensor Station Received Carrier Power 

CNR-Sensor receiver (with receiver noise 
= -99.5 dBM) 

SNR-After detection 
(considering PM improvement factor, 
+ 6.0 dBM; Parabolic Noise factor 
+ 4.8 dBM; Filter improvement ' 
(16 KHZ to 3 KHZ) + 7.3 dBB.) 

1.5 miles 

+ 43.0 <IBM 
+ 0.2 d.B\1 
-123.5 dBM 
+ 5.5 dBM 

- 74.8 dBM 

+ 24.7 dBM 

-{- 42.8 dBlVI 
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3.75 miles 

+ 43.0 dBM 
+ 0.2 dEM 
-131.4 dBM 
+ 5.5 dBM 

82.7 dBM 

+ 16.8 dBM 

+ 34. 9 clBIvI 

The probability of errors due to signal fading or to impulse noise was 
shown ~o.be very small, on the order of 4 x.10-4 and 5 x 10-4 for a combined 
probab1hty of error of 9 x 10-4 for me maximum distance considered. 
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I 
I 
I 
I 
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Figure 33 Combined Sensor-Calibration Station 
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COMPUTER SYSTEM 

A series of five small computers are used to precess the incoming signals 
for location information, verify this information, interface with the 
display and act as a buffer for messages going to and from the Center and 
the vehicle. 

The Command/Control equipment accepts the incomin~ data,.reduces and 
corrects tilis data witil the aid of si~al process1ng equ1pment, and then, 
through the use of 5 different comput~rs calcula~es and drives the display 
units to show the locations of tile vehicles. ThlS system of small computers 
is designed to perform and check a series of multilateration computations. 

Incoming data is received on telephone lines. These are fed to tile first 
unit which is a signal processing type used t? pro(~e~s th~ num~rous" zero 
crossing data. 111e 50 "tvIHZ master sync clock 1S ut1~lzed. 1n th1s un1 t. 
The raw cycle arrival times are sent to the next un1t.wh1Ch corrects ~he 
data with regard to calibrate Clnd phase delay correct1o:r:s. TJ:le da~a 1S 
then sent for final processing in the final data reduct10n un1t \~llch 
finds the sample mean standard deviation of the corrected data values and 
rejects those cycles whose value is greater than 3 times the s~ple mean 
standard deviation or that is greater than a preset constant w1nch equals 
about 2000 nanoseconds. This process is described as 'editing the data'. 

The five computers can be described functionally. 

1. Pre-Location Computer selects the master sensor to be used as 
the time reference in the linear, location algorithm; it determines the 
RF weighting coefficients which are used in the algorithm, and.determines 
the time difference of arrival (TDA) data for those sensors wh1ch have 
passed the RF (coherency) criteria and also have a minimum number of 
cycles remaining after the editing process. This computer is a NOVA 800 
type with an 8K memory. 

2. Location Com uter is a NOVA 800 computer with 12K memory and 
performs t e initial least squares location estimate. This initial estimate 
is a linearized least squares location. 

3. Final Estimate Computer determines the final vehicle location 
estimate using the non linear R.lgorithm, previous location history, and, 
if necessary, large error tabular correction methods. It also drives 
the various displays in the system. This computer has direct access to 
disk memory, and therefore can be used to prepare forms and summarize 
system activity for statistical uses. This is a NOVA 800 with 8K memory. 

4. Coordina.tor Computer supervises the interaction of the hardware 
interfaces and the computers in the system. It drives the various displays 
and line printer. In the case of system failure, it restarts the system. 
It also acts as the interface between the several computers and the disk 
memory unit and it coordinates messages, transfers to and from the base 
station and the vehicles. TIle unit is a NOVA 1200 with 12 to 16K memory 

. and. a communications adapter. 
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5. C?mmunications Computer acts as the buffer for messages going 
~o and Com1ng from the base station and the vehicle. It performs the 
lnterface ~etw~en command verbal messages and the digital eode used L~ 
t~e co~un1catlons mode. It alerts systems operators to emergency 
sltuatlOns and keeps a running account of the status of the vehicles 
It also acts as a channel~z~d demodulator and perfOl1TIS the voting te~hnique. 
used to reduce the probab1l1ty of arrors in the communications mode. 

The Center computer to data output and to the display system devices were 
n?t well defi:r:ed. The AVL circuitry of the base station provides the s~c 
slgnals fr?m 1ts ma~ter clock to the voice station transmitter at the 
rate of ~lce per lTI1nute. This keeps all the vehicle AVL units in time 
sYI:lchron1sm for exact vehicle identification. A block diagram of the 
maJor comp?nent~ of. the baseline computer and their interrelationships 
are summar1zed 1n F1gure 34 . 

INPUT 

CHANNELS 

COMMUNICATION 
COMPUTER 
NOVA 1200 18K) 

FIGURE 34 Major Components Of Baseline Computer 
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SYS~1 PERFO~~NCE CHARACTERISTICS 

Performance characteristics for the Sierra Trilateration System are 
extrapolations from protptype development data generat~d durin¥ the 
D.O.T. sponsore:i AVL tests in Philadelphia, Pennsylva.r:l.a, and ~t 
should be recognized that these tests 'vere conducted 1n an enVlronment 
which was considered very demanding for a trilateration system due to 
the RF propagations problems. 

The Sierra Trilateration System was originally designed to the performance 
requirements stated in RFP-DOT-UT00012. The system was subsequentl~ 
demonstrated, along with several others in Philadelphia, Pennsylvanla 
under supervison of D.O.T. The performance summary, Table 17 on the 
opposite page reflects the results of these tests and subsequent efforts 
by Sierra to modify and improve their system. 

One of the most difficult problems irulerent in a Phase Trilateration 
System is associated \vith RF multipath propagation and signal blockage 
effects. Due to the nature of the time difference of arrival locations 
technique, perturbations of the transmitted signal up to the transmitting 
anterma of the vehicles are cancelled because they are common to all 
vehicle-sensor links. Ho'vever, the individual perturbations in the 
different links are not cancelled and errors can be introduced in the 
location estimation by error in the measurement of time phase of 
arrival of the time at each sensor station. 

In an urban area multipath propagation can be caused by reflections from 
buildings, vehicles, airplanes, etc., and diffraction. Direct paths 
are unusual in an urban environment. Usually there is one dominant path 
and numerous secondary paths. In some cases the cumulative effect of 
the secondary paths can essentially cancel out the dominant signal and result 
in a signal "drop-out" i.e. the received signal level falls belmv 
the received system threshold. Signal blockage occurs when the 
dominant path bet\veen transmitter and receiver is obstructed by a large 
object such as a building or hill. The effect is that the signal level 
is diminished and in several cases may make communication impossible. 
Thus signal blockage has the same effect as mUltipath except that it 
lasts only as long as the receiver stays in a particular location. These 
problems make it difficult to assign general performance parameters; 
each system application should be analyzed. It is noted, however, that 
the system should be near its peak effectiveness in Orlando because of 
the flat terrain and minimum grouping of large buildings. 

In order to conserve radio spectrum the Sierra System is designed to 
operate in two standard land mobile radio charmels (25 KHz in the 
450-512 ~Iz region) and on a time mUltiplexer b~sis, rather than a polled 
basis, to reduce the number of channels requested. The system uses 
standard c~nmercial ~1 land mobile voice transceivers and utilizes a 
general purpose digital mini-computers for all control and operational 
functions. 
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~edbasbe~ine sy?tem is designed to locate up to 680 vehicles on each 
an mo lIe radlo channel used. This channel" . . 

4?00 time slots met the entire 4000 slot forma~sbt~e mUltl.Pl~Xed lnto 
mlnute. Thirty-four hundred slots are assi ed t~l~g r~p~ate ?nce per 
~ec:e~ini~gs slots are us~d for ~alibrati~, synch~~~t~~~i~~h~~~e~~. 
. e la ass1gnments t? ~rovld~ a hlgher sampling rate for vehicles 
l~ an eme:gdendcy or crl.tlcal.sltuation; a silent alarm function is 
a so provl. e by these speclal slots. 

TABLE 17 .... 
SYSTEM PERFORMANCE SillJ1MARY 

Vehicle Tracking Technique 

Data Link Requirements 

Data Format 

Area of Coveratre o 

System Accuracy 

Tracking Mode 

Number of Vehicles 

Computer 

Dispatcher Display 

Real Time-Phase Trilateration 
Navigation 

imy Licensable Mobile/Base Radio 
C~annel Which Will Support 20db 
Slgnal to Noise Ratio Narrow 
Bank (25 KHz) 

( 

. · .. 15 Bits- 15 milli-second including 
D.mi~lisecond guard bank and .7 
mllllsecond »ITR turn-on time 

Limited only by Communication 
Data Link Range 

~ 1100 Feet 95% of. time 

Fully Automatic Computer up date 
every 3 1/3 seconds 

680 per channel (Dependent on update 
time) -

For 1000 car systems 4 Nova type 
computers 3 with 8K and 1 with 
16 K memory, ASR 33 teletype 

O~e console control/display per 
D~spatcher. Display is TV format 
Wlth computer generated symbols 
indicating vehicle status and 
location. Zoom capability to 
expand area of interest on screen 
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BOEING COMPANY FLAIR SYSTE1'v1 

FLAIR (Fle(;t Location and Information Reporting) is an augmented dead 
reckoning system which uses a comput.:er at the Corrnnand/Control Center to 
periodically correct any cumulative ..::::e:::.r.::..ro~r=--.lp~r:.:::o~b:.::l.::::em;::.s:::·.:.., _________ _ 

Over the past two years, the Boeing Company in cooperation with ~he . 
Wichita, Kansas, Police Department has developed a prototype pol1ce veh1cle 
locator system known as FI.J\IR (Fleet Location and Information Reporting). 
FLAIR is based 011 the dead reckoning location technique and updates the 
location of each vehicle every 2 seconds. This information is displayed 
on a video map at each dispatchers control console. It also has the 
capability of digital transmission of up to 99 different 1110 code II messages 
and an emergency lIofficer.needs helpll call. 

The system concept is shown in Fi&lUre 3S and consists of four basic units. 
The Vehicle Locator Unit works on the fundamental navigation principle 
that if the original location of a vehicle is known, its location at any 
later time can be determined if heading and distance changes are added to 
the original location. 1110 heading and incremental distance moved for 
each 2-second period are transmitted from the Vehicle Locator Unit to the 
Connnand/Control Center Unit which interfaces with the Computer Unit to 
update the vehicle location. The Display Unit receives the vehicle location 
informatiou"from the computer and presents it at the proper positior;, in 
the form of bright dots on a video map displayed on a TV Jllonitor located 
in each control console. 

The dynfu~ics of the display are such that the dispatcher can estimate the 
cars travel rate and observe when they stop. Each dispatcher can individually 
select a portion of the city for detailed observation and Ifzoom inll to 
read street names on the video map display. Also, each dispatcher may 
choose to selectively display a single precategorized group of officers or 
any combination of the categorized officer groups. . 

In order to locate the cars closest to an incident, tile dispatcher slews 
the map until the point of interest is under the cursor. The four cars 
in order of proxnnity to the cursor are continually displayed on the display 
and control console, and the location and number of the eight cars closest 
to the incident are displayed on the video map provided map display of 
car numbers has been requested by the dispatcher. Again, cars from any 
combination of categorized groups can be selected for display. 

Since the dispatcher can view the continuous movement of the field forces, 
communication security can be provided by directing a car to an incident 
by travel route rather than by incidmit address. The dispatcher can also 
use this information to direct cars around barriers, such as street 
construction, and to assist a car in finding an address. '. 

In a similar manner a car in trouble can be located and the nearest 
available cars dispatched to assist him. Car location i3 initiated 
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through Display Unit controls which cause the map location of the car 
to be positioned under a cursor displayed at the center of the TV 
monitor. In addition to the car number, the numbers of the three closest 
c~rs in order ~f proximity, are instantaneously displayed. If the . 
d1spatc~er des1l'es that more than thn~e cars be sent to assist a car 
(office::) ~n trouble, th~ location and number of the eight cars closest 
to the 1~.c1~e~t. can be d1spla~ed on the video ~ap. Map display of car 
numbers 1S l.n1t1ated by the d1spatcher depress1ng a control switch. 
C~rs from any combination of categorized groups can also be selected for 
d1splay. The dot on the video display which is placed at the location 
of th~.car bl~nks sl~wly for cars lIin service and on call", is steady for 
cars 1n serVIce and not on call1l

, and blinks rapidly for cars relaying 
an emergency status. 
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SYSTEM OPERATIONAL DESCRIPTION--VEHIC~B EQUIPMENT 

Operationally, the vehicle equipment associated with the location. function 
automatically provides heading, distance and identification data 1n 
response to a query from the Center; digital transmission of 10 codes to 
the Center is also available for operator response. 

Operationally the FLAIR system includes those functions performed in the 
vehicle, at the Corrrrnand/Control Center and the corrununication interface 
between the vehicle and Center. The vehicle equipment consists of a 
heading sensor, odometer pickoff, data processor, 10 code keyboard and 
radio transceiver. Location of these components in a typical police car 
is sho\\TIl in Figure 36 . 

The heading sensor consists of a soJtd state magnetic compass whose output 
is resolved to digital data electronically by the data processor. It is 
approximately 3" x 3" x 1" and can be easily mounted inside the car and 
out of sight if desired. The solid state construction results in a sensor 
that has no moving parts, requires little or no maintenance and can be 
packaged to withstand any expected CllTlount of shock and vibration. The 
disadvantage is that nearby metallic masses may disturb the local magnetic 
field by amounts exceeding the earth's fi~ld in the horizontal plane. 
Severe field distortions from fixed objects, however, appear to be limited 
to areas within 30 feet of the object and are thus amenable to the moving 
average computational procedures performed by the computer unit at the 
Corrrrnand/Control Center. 

The odometer pickoff can be either magnetically or optically coupled to 
one of the front wheels. These methods were developed to make the sensor 
more flexible and easily adapted to the vehicles. Tire inflation and 
tread wear will affect odon:eter readings and although a calibrated run 
can furnish partial compensation of data, it must be recognized that 
wheels may slip during turning, braking and acceleration or when trans·· 
versing rough pav0ment so that total error correction is not possible. 
Generally these are random variables, however, and then overall effect 
should therefore be negligible. The odometer data is transferred to 
digital format by the vehicle processor unit. 

Digital transmission of 10 codes from the cars to the Corrrrnand/Control 
Center provides corrrrnunication security and significantly reduces voice 
corrrrnunication congestion, thus keeping the voice channel clear for 
other uses. Ten-code transmissions are initiated by use of a keyboard 
in the police car which also features an emergency key. Upon transmission, 
the 10 code status and applicable car number are reflected on a set of 
numeric displays located on the display and cont~('ol console. 1"lhen an 
officer depresses the emergency key an audible alarm also in the display 
and control console is caused to sound and the car number and emergency 
10 code status is displayed in a like manner. The dot on the video 
display is caused to blin.1< rapidly for easy location of the car which 
has relayed the emergency status. 
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On thi~ ba~is the vehicle tr~~ceiver experiences a low duty cycle with 
transm:.t t~e of ~pp:oximately 1%. Typically the normal mobile voice 
corrrrnun:'Lca t10ns Ul11 t lS used. 

HEADING SENSOR (PRESENT) 
FIGURE 36 VEHICLE LOCATOR UNIT AND 10 CODE DIGITAL 

RESPONSE KEYBOARD INSTALLATIONS 
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SYSTEM OPERATIONAL DESCRIPTION--CO~~ND/CONTROL CENTER EQUIPNlliNT 

The Command/Control Center equipment controls the transmission of lo~ation 
data from the vehicle, examines its validity and displays tile resultlng 
location information on a TV map screen; it also has selected capability 
to view selected an:as and determine cars nearest an incident or an officer-
needs-help call. . 

At the Cvmmand/Control Center the digital data is received by the base 
station and translated by minidigital computer into display information 
for presentation by the Situation Display unit. The Base Station Unit 
generates tile main timing signal upon which all vehicles initiate a 
timing mode and then switches to a receive mode to "listen" for each 
vehicle to report its identification number, heading, distance traveled 
since last reporting and any 10 code or the emergency function entered on 
the 10 code keyboard in the vehicle. The data is received, processed to 
improve signal quality and sent to the computer unit for further processing. 

The Situation Display Unit consists of a display and control console, a 
swi tching central, and a TV map vault. The switching central provides 
the interface to which the computer and each Situation Display Unit element 
is connected by cable. 

A TV camera dired:,ed at a city map generates a video image upon which dots 
representing cars and a selective cursor are dynamically superimposed. The 
TV camera is provided with iF zoom lens and is mounted on a panl til t 
mechanism in the TV map vault such that any area of the city map may be 
magnified or the total city may, be viewed. The display and control console 
provides the dispatcher with itdependent control of displayed information 
genera ted in the TV map vault. A cursor is also provided on the TV monitor 
video display. Its position always correlates to the approximate center 
of the map area selected by the TV camera pan and tilt control or the 
locate function switch. 

The dispatcher at his discretion may also select anyone or more of five 
officer categories which would be titled by the user police department 
to be displayed on the TV monitor and the clcsest cars numeric display 
panel. Resetting the switches causes all units to be displayed on the 
monitor and the closest cars of all categories on the numeric display 
panel. 
As an option, a separate set of controls can be provided in a Situation 
Display Unit display and control console provides a playback capability. 
This capability permits a replay of previously recorded sequences allowing 
the evaluation of vehicle lltilization during normal patrolling or periods 
of high police activity. The primary Computer Unit consists of one 
minidigital computer, one magnetic disc, one teletypewriter, one magnetic 
tape and the necessary interface cards for interfacing the Base Station 
Unit and tile Situation Display Unit. This computer rAads, decodes and 
updates each vehicle position and 10 codes information transmitted to the 
base station from the Vehicle Locator Units. A secondary Computer Unit 
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~~teb~~~~s Wi~ and controls.th~ Situation Display Unit havina playback 
~a 1 1 y. e Co~uter Unlt 1S also used as a backup computer to the 

prlJTIary Computer ~nlt: The backup mode will automatically override an 
other programs belng lffiplemented in .the secondary Computer Unit. Y 
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COMMAND/ CONTROL CENTER EQUIPMENT 

The equipment at the Command/Control Center resolves the vehicle signals 
into location data and officer messages which are displayed on a cathode 
ray tube; incodents are correlated with vehicle location on an expanded 
scale by the dispatcher using a pressure sensitive grid map. 

The Command/Control Center equipment measures the pl1ase differences for 
each individual vehicle from signals received at the different sensor 
stations. The equipment at the Center includes a PDP 11/45 writer, 9 
Bell Systems Type 603B Data Phone Receiving Tel~inals, a 9-channel Sierra­
built zero crossing measurement circuit, a SO-MHZ time reference, and the 
cathode-ray tube display. 

The equipment of primary importance to system operation is the catil0cd-ray 
tube display since this is the unit that the dispatcher utilizes in 
selecting the closest vehicle(s) for assignment to an incident. 

Each dispatcher would be provided a map of their assigned areas, east/west 
for OPD, u,i1.der plexiglas on the desk-top portion of the console. These 
maps not only show the streets in the area, but also the patrol districts. 
Dispatching at the present time is done by assigning the vehicle from the 
district where the incident occurred, or if tile unit is not available (due 
to another assignment), the vehicle from an adjacent sector or an umbrella 
patrol vehicle which overlaps several patrol sectors, is assigned. 

Since the dispatchers know the streets in their districts, 'it is proposed 
that the dispatchers pinpoint the incident location on a '~nd tablet" 
(or an "electronic press-board"), which has an overlay of the area map. 
Pinpointing the incident location on the Rand tablet with an electric pen 
would cause the cathode ray display tube to draw a map on an e:<panded scale 
with the incident location near the center. The computer would then 
sear~h ou~ the three.nearest available vehicle and display their positions 
and ldentlfy the vehlcle numbers on the display. A proposed display for 
the ~ispatcher ~s shown. in Figure ~8 . !here are, of course, numerous ways 
to dlsplay the lnforrnatlon concernlng the nearest available vehicles. It 
may.be desirable to have all vehicles displayed, wheth~r or not they are 
avallable and have the dispatcher ascertain which one to select. The 
available vehicles could be shown in green, the ones that are on an 
administrative assignment or an assistance to an incident could be shown 
as yellm'l, and ~hose on assignment shown as red. The exact display details 
could be deterrnlned by the Command/Control Center personnel. 

Eig}lt preselected push-button messages can be transmitted from the vehicle 
to the Center. 

cAvailable for assignment 
eOn assignment 
OAt scene of incident 
°Lunch break 
'Off duty 
GMechanical trouble 
'Administrative assignment -, '" 
·Officer-in-trouble-emergency 
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These can also be indicated at the display console for each field equipped 
vehicle. 

RAND TABLET 
MAP OF AREA 
(MARKING INCIDENT 
LOCATION) 

'-------=--------- ----- "-

Figure 3.8 Proposed Dispa tclier Display System Shown Method of 
Entering Location or Incident so it can be Correlated with the 
Nearest Available Patrol Vehicles 
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SYSTEM PERFORMANCE CHARACTP..RISTICS 

Performance characteristics for the FLAIR system at this time are 
extrapolations of prototype development data generated while working 
with the Wichita Police Department; however a 50 car pilot operational 
system is currently unde! contract with St.· Louis 'Police' D?partment. 

The dead reckoning location technique has mallY features which make it 
attractive; however its performance characteristics are largely dependent 
on the components and/or the system configuration selected. As discussed 
earlier dead reckoning navigation is subject to a c1.IDmlative error 
buildup which must be minimized. This can be accomplished by use of 
precision on-board sensors in the vehicle or by augmenting less precise 
sensors with some type of corrective feedback loop in the system 
configuration. Inherently, then, there is a performance/cost tradeoff 
between precision sensors and a feedback system. 

The FLAIR system features inexpensive on-board components augmented by 
a computer at the Command/Control Center which periodically provides 
corrective feedback data to enhance the field data. After receiving 
the location data from the vehicle, the Center computer evaluates and 
corrects the data and applies geographic (street, etc.) constraints 
to the vehicle location. This approach has an obvious advantage for 
large' fleets where inexpensive components can be used in the vehicle 
and only one control computer is needed. 

When cars are driven off of roadways, alleys, or parking lots (normal 
drivable surfaces) the FLAIR system automatically reverts to a secondary 
mode of operation termed "open loop". Under such conditions (such as 
a high speed chase across a large open field) the dispatcher will still 
know and have displayed the general location of the car. Any time the 
system reverts to an "open loop" condition for any reason, including 
Vehicle Locator Unit malfunction, the dispatcher will receive an 
automatic indication on the Situation Display Unit which will show that 
the dispatcher should verify by voice the position and status of that 
car. Once the car returns to a normal drivable surface; reinitialization 
of the car can easily be performed by the dispatcher. 

The design goal of the FLAIR system to provide the dispatcher with the 
capability to locate each police car within ± 50 feet 95% of the time. 
Test data conducted with FLAIR prototype equipment to date provides a 
high degree of confidence that this accuracy is achievable under all 
normal police operation conditions. Table 18 on the opposite page summarizes 
the perfol1nance for the system in its present state of development. It 
is noted that the system is designed to be operated with conventional 
communications support equipment. 

It is noted that this information reflects extrapolation of prototype 
development data obtained while working with Wichita Police' no actual 
historical data is available to establish system performanc~ capability 
of the FLAIR ~ystem in ~ op~rating enviro~ent, the Boeing Company is 
presently actlvely worklng W1th: the St. LOU1S Police Department to set 
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up a develo~men~ program Phase I of which includes SO police e ui ed 
~~r! ~~erdtln? ln a selecte~ portion of the City. It is undersioo~ that 

lxe, prlce contract wlth guaranteed accuracy of + 50 fe t 
TABLE 18 - e . 

this 

SYSTEM PERFORMANCE SUMMARY 

Vehicle Tracking Techniques 

Data Link Requirements 

Data Format 

Area of Coverage 

System Accuracy 

Tracking Mode 

Number of Vehicles 

Computer 

Dispatcher Display 

OPTIONS 

Remote Monitor(s) 

Playback 

Rea~ t~e self-contained dead-reckoning 
navlgatl0n 

Any; lic~nseable mo.bile/base radio channel 
Whl~h 1'1111 support 20 db signal-to-noise 
ratlO narrow band (10 KHZ) diCTital data 
(1600 band). b 

16-bit, 10 Inillisecond word length (1 time 
slot)~ ~on-r~turn-to-zero (NRZ), syn­
chron~zlng slgnal from base radio station 0 
Occup1es any time slot each two seconds 

Limited only by communications data link 
range 

± SO feet 95% of the time 

Ful~y automatic computer up-date with no 
veh1cle operator assistance required 

1500 vehicles per computer unit 

20K fixed memory, 16-bit word core 
2.34 million word disc, ASR-35 tel~type 

~e cons?le control/display per dispatcher. 
Dlsplay 1S TV format with computer generated 
and c?ntrolled symbols indicating vehicle 
~ocatl?n. Symbols superimposed (double 
lntens1ty) on computer generated map (with 
street names). Magnification of city map is 
sel~ctable?y di~patc~e: (x~, x?, x4, x8, x16). 
V~h1cle(offlcer ldent1f1catlon 1S displayed 
wlth location symbol. 

~he remo~e monitor option permits the 
lnfo:matl0n displayed to the dispatcher to 
be vlewed at other locations. 

Vehicle location and status data can be 
recorded and played back at a later time 
to evaluate vehicle utilization. The addition 
of ~ ~gn~tic tape unit and minor console 
modlflcatlon are required to add the playback 
feature. 
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SYSTEM SUPPORT REQUIIIDffiNTS 

The FLAIR system has reached a level of maturity such that support 
requirements for personnel training test equi~ment, recommended spares 
and physical facilities interfaces can be deflned. 

It is advantageous to describe the support requirements in t~rms of 
Integrated Logistics Support (ILS) which includes all composlte elements 
necessary to assure the operational availability of ~e system over . 
its programmed life cycle. Development of an effectlve.ILS plan requlres 
repeated review and refinement of emerging support regulrement~ as ~e 
design matures and consequently involves ~ close ~ork~ng relatlonshlp 
between design and support areas. TI1e prlffiary obJectlve of the ~LS plan 
is reduction of ~1e support effort to minimize cost consistent wlth 
system readiness requirements. 

Early in the developmen~ of a system consideration must be given to. the. 
type and number of personnel who will be required to ope~ate and m~l~taln 
the system. Clearly allied to this support requirement lS the tralnlng of 
these personnel which should start as early in the syste~ development as 
possible. Plans for training of system operators and malntenance p~rsomlel 
must address how the training is to be accomplished and the prerequlste 
qualifications. TI1e Boeing Company would provide training for key Police 
Department personnel at the Department in system operations, computer and 
maintenance during the initial phase of a FLAIR implementation program. 
Boeing then proposes that the customer would assume responsibility for 
training the remainder of personnel required in these areas. Personnel 
training in Operations would consist o~ ~0--2 h01:1r sessions. Tra~ning in 
use of the computer and associated perlpheral equlpment would requlre an 
additional 4 hour session. Maintenance training would consist of 40 hours 
of instruction over a two week period to familiarize personnel with the 
functional aspect of the system. In all cases it is assumed that the. 
personnel would have the necessary educational and experienceprerequistes. 

Closely allied with training is the requirement for operational and 
maintenance manuals. Boeing proposes to supply 2 sets of maintenance manuals 
which include the theory of operation, illustrative parts list, test 
procedures, repair instructions, calibration and alignment instructions. 
In addition 2 sets of operating instrtlction manuals for the Situation 
Display and Computer units are provided. 

Facilities planning as related to ILS is based upon operations and 
maintenance analysis of equipment design drawings, specifications and 
similar documents which define the types of facilities, locations, 
space needs, operating environment, personnel interface, shipping/ 
installations procedures and training/test functions. Table 19 on the 
opposite page summarizes the physical characteristics, power and test 
equipment of the requirement FL~IR equipment. It is noted that a 
diagnostic program is also provided by Boeing such that the secondary 
computer can be used to automatically check various functions of the 
Situation Display Unit. Diagnostic procedures for the Computer Unit is 
also supplied. 

---------.. -----
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Boeing ~as al~o a."'1alyzed FLAIR to identify a list of spare parts and 
assemblles WhlCh they recommend be inventoried to support the system. 

TABLE 19 

FLAIR EQUIP~ FACILITIES REQUIREMENTS 

PHYSICAL CHARACTERISTICS 
Vehicle Equipment 

Vehicle Data Processor 
Control Panel 
Radio Transceiver 
Heading Sensor 

Base Station Equipment 
Base Radio with Data Demon Units 
Radio Ant erma 
Console Display & Control 
Video Processor (Includes rack 

and power supplies) 
Computer Unit (Includes disc, 

teletype, power supplies) 

POWER REQUIREMENTS 
Vehicle Equipment ..................... 

Base Station Equipment ............... . 

Computer (Includes disc, ............ . 
teletype, power supplies) 

TEST EQUIPMENT RECQ\1MENDED 

Dimension (Inches) Weight (Pounds) 
L W H 
9 6 4 4 
2 3 8 2 

16 14 6 25 
3 3 1 2 

20 22 36 220 
12 12 20 (ft.) 40 
18 20 18 100 
18 20 8 240 

36 26 78 600 
24 24 36 150 

2 amps 12 v. DC continous 
10 amps 12 v. DC 0.5% duty cycle 
(for radio transmitter) 
115 v. AC commercial power 
60 Hz - 500 watts 
115 v. AC connnercial power 
60 Hz - 30 amps 

-Digital Voltmeter Hewlett-Packard 3440W/Hewlett-Packard 3444A Plug In 
or Equivalent 

-1000:1 High Voltage Probe Hewlett-Packard 1102lA or Equivalent 
-Voltmeter Calibrator Hewlett-Packard 738BRW/Hewlett-Packard l80lA & 
-Hewlett-Packard l802B Plug In or Equivalent 
-Squar~ Wave Generator Hewlett-Packard 2llB or Equivalent 
-Punctlon Generator Hewlett-Packard 65lB or Equivalent 
-10/1 Scope Probe Hewlett-Packard l0004B or Equivalent 
-l/l.Scope Probe Hewlett~Packard 1008B or Equivalent 
-LOglC Comparator Hewlett-Packard 10529A or Equivalent 
-Ref~renc~ Board Hewlett-Packard 10541A or Equivalent 
-LOglC C~lP Hewlett-Packard 10S28A or Equivalent 
-Test CllP AP Inc. PIN 923700 or Equivalent 
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SYSTBvI SIMULATION EVALUATION MODEL 

o System Sinlulation Techniques 

o Con~uter Program Logic 

o Input Data and AssUTIlptions 

o AssUTIled Dispatching Disciplines 

o Output Information 

o Validation of Sinlulation Model 

o Statistics of Validation 

o System Response to Automatic Vehicle Locator(AVL) 
Accuracy 

o Comparison of Present and Automatic Vehicle Locator 
(AVL) Systems 

o Economic Evaluation of AVL System for OPD 
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A computer simulation model of the Orlando Police Department Command/Control 
System was used to assess the value -of incorporating an AVL capability. 
The model was structured to match the basic design of the actual system 
and operates as a dynamic, Monte-Carlo simulation by generating calls 
from known or postulated statistical distributions, processing these calls 
through each step a call would encounter in the real system, and by 
gat~ering data on individual system components as well as overall operations. 
As lS the case with any computer mod~l, the program does not exactly 
match the real world systenl, but rather serves as a close approxinlation 
to actual system operations. The long run statistical averages of 
model outputs and real system historical data, however, are sufficiently 
close to permit management to make use of model ovtputs in analytic 
and decision-m~king applications. 

In~ti~lly the model was validat~d by comparing its output against the 
eXlstlng Conunand/Control operatlOnal data. The model was then modified 
to ~ncorporate a Command/Control policy to dispatch the available patrol 
vehlcle closest to the incident. The simulation ','las conducted for 
AVL Systems accuracies of + 0, + 500, and + 1000 feet to determine the 
inlpact of accuracy on the Command/Control System performance in terms 
of response time and mnllber of incorrect unit dispatches. 

The study showed that by incorporating an AVL System with an accuracy of 
about 700 feet the efficiency of the Uniformed Field forces could be 
improved such tha.t two less patrol cars would be required to maintain the 
same response tinle. An economic analysis was then performed to evaluate 
the AVL system on the basis of annual savings attributed to maintaining 
two less one-man patrol cars in the field. The estimated savings included 
operation and maintenance of Dle vehicle ($5,000), officer wages (5 men 
@ $10,500) and an assUTIled 100% overhead and administration support factor. 

Since no "hard" estimates for an AVL System were available, the analysis 
was conducted to determine the capital investment which would be jllstified 
by the potential annual savings of two patrol cars. On the basis of a 
10 year facilities life and 5% rate of return investment, the estinl1:.l.ted 
savings ($210,000) will justify an inves'bnent of $1,000,000. This is well 
above the $400,000 rough estinlate for an A\TL System to handle 30-35 cars. 
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SYSTEM SIMUlATION TECHNIQUES 

The Computer Model used to describe the operation of the Orlando Police 
Department Command/Control System provides an inexpensive, easilf-used 
tool for describing system activity ltnder a wide range of operatlng 
environm~nts and design configurations. . 

Experimentation and data collection activities concerning ,:the operation 
of complex man/machine systems such as the OPD Command/Co;htrol Center are 
difficult to perform when the system must be in continuotis aroltrld,:the-clock 
operation. Such studies must be designed to avoid interference wlth the 
normal operation of the system, and at the same time, provide a detailed 
picture of the system internal operation to be of any value to tile analyst. 

One approach for systems studies which has been receiving considerable 
attention recently relates to the con~uter-based simulation of these 
systems. "Simulation", according to one popular interpretation, is the 
art of predicting reality from an abstract model of reality formulated 
by an analyst. This process may be illustrated by examining Figure 39 
The diagram in that figure represents a system operating in the real 
would environment. The system may be thought of in an engineering sense 
as a "Black Box", which transforms, or converts, a set of inputs into 
a set of outputs. The system operation is often constrained by outside 
restrictions, such as legal aspects, economic conditions, and possibly 
even humanitarian and moral considerations. The managers and workers in 
an organization may be thought of as generating additional c.ontrol 
inputs wi til in the system structure to further influence the tranSfOl1TIation 
process. 

The Orlando Police Department Command/Control Center operation may be 
readily related to the "Black Box" system operation. Citizen requests for 
assistance and information comprise the majority of the inputs to the system. 
The system, defined as the Command/Control Center and its on-duty personnel 
together with the Uniformed Field Forces, transform these calls into 
field lJnit assignments for further investigation and action when deemed 
appropriate, resulting in outputs representing completed tasks. Constraints 
acting on the system are primarily those relating to legal procedural rilles 
and physical equipment limitations, e.g., radio system capabilities and 
patrol unit availabilities. 

A computer simulation model, then, represents a working system by imitating 
the "Black-Box" representation of the system. The basic system description 
is supplied to the computer in the form of a set of instructions. Also 
required a.re the known limitation on the sys.tem performance capabilities, 
e.g., the number of available telephone lines for receiving input calls. 
The ~omputer program is then given representative inputs and asked to 
predlct the related outputs that the real world equivalent system 
would generate for the same conditions. The actual computer outputs 
are tested for validity and the model is changed or expanded ltrltil these 
outputs reach tIle desired degree of correspondence with their real world 
coltrlterparts. 
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The ad~antages of experimentation with a model of a real s stem rather 
tI;an wlth the system itself are several: (1) the real syst~m is not 
dlsturbed by cU:ta collection activities, (2) proposed chtmges in the 
(~)t,~~ are d e~r~·lY tested by, changing a few computer cards in the model 
f' ld e mko; lng approach 1~ both faster and less expensive than actu~l 
1e wor J.or the reasons clted above. 

Constraints 
o Physical 
o' Legal 
o Economic 

i 
I 
I 

I 
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Figure 39 "Bl~ck-Box" D~agram Shows System Operating Environment 
Typlcally Conslsts Of Constraints, Controls and Inputs. 
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CCMPlITER PROGRAM LOGIC 

The I~1 General Purpose Simulation System/360 (GP~S/360) Program was 
used to develop and exercise a comprehensive computer model of the 
Orlando Police Depattment Command/Control System. 

The criteria used for the selection of an appropriate co~puteT la~guage 
to be used for a given simulation model involve .. severa~ lnterlock:ng .... 
considerations. Perhaps the foremost of these lS the lnherent sUl~ablllty 
of the language for implementation of the particular set of operatlng 
data and structural information available for the system under study. 
In the case of the Orlando Police Department Command/Control System 
project, a detailed flow chart of the operating procedures .. h~d been 
developed previously to support the computer work. "In .. addl tlon, .. 
statistical data in t~e form of means, standard devlatlons, and gra~hlcal 
distributions had been developed for the various times associated wlth 
the operation of the Command/Control System. These two factor~ " " 
suggested the use of a block-oriented simulation language to mln1ffilZe 
the progranuning effort required to achieve a work~ng model. Such 
language was available in the IBM GPSS/360 and thlS system was used 
for all subsequent computer runs on tllis project. GPSS/360 is one of 
the so-called user-oriented languages. With tilis program, many of 
the internal operations are transparent to the user of the langua¥e, 
and tile analyst can constnlct a simulation model simply by selectlng 
one language element, or command, for each block in the flow chart 
of the 'real-world system. 

The flow diagram on the facing page represents an overview of the 
basic simUlation logic which is presented in more detail in subsequent 
sections. The block sequence along the left of the diagram represents 
activites in the servicing of a typical call through ~le actual 
Command/Control System. Calls arrive at the system according to some 
pattern depending on such factors as the time of day, the present " 
level of criminal ac ti vi ty in the conununi ty, the weather, etc. Complalnt 
Desk clerks an~ver the phones, gather the information as to the location 
and severity of the incident being reported, and if necessary, generate 
an Orlruldo Police Department form 602-03 or 602-09 for subsequent 
Radio Operator use. Information-only requests and other calls not 
requiring field unit attention are not documented on a form. A conveyor 
transports the completed forms to the Radio Operator who in turn 
contacts the appropriate field unit to service the call by consulting 
the duty roster and field unit assignment map board. The field unit 
assigned to a particular call must then travel to the location of the 
request and perform any necessary investigative and action services. 
When this processing is completed, the calls are removed from the 
system by the Radio Operator. 

The corresponding system operation in the computer model is accomplished 
by the use of program devices called "transactions". The logic flow of 
the computer model is shmvn on the right of Figure 40 , parallel to the 
actual System operations. These may be thought of as individual calls 

[ 
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J?assing ~rough the system. The computer uses statistical call arriva.l 
~,nformatlOn from the real system to produce service requests at random 
lntervals from t~e "generate" comm~d. The resulting transactions pass 
through the remalnder of the model Just as the service calls would pass 
throug~ the actual .. syste~, e.g., when a transaction passes through the 
Complalnt Desk offlcer, lt encounters a time delay detel1nined by 
statistical sampling of the tim.e delays encountered by real-world service 
cal~s.at ~he C?mpl~int Desk. This correspondence of model/system 
actlvlty lS malntalned throughout the simulation process and thus 
allows actua~ statistical data collected from the actual' system to be 
used to predlct the behavior of the simUlation model. GPSS/360 generates 
statistics describing the performance of structural components of the 
mode~ based"on actu,:l data. A typical statistic would be the percentage 
of t1ffie durlng an elght-hour shift that a unit was ''busy''. 
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Gathered, Form Is 

, 

Completed And Trans-
ported to Radio 
Operator 

-~ r 
Radio Operator Picks 
Card From Conveyor, 
Contacts Appropriate 
Field Unit, Relays 
Information 

,. ,. 
Travels To Scene Of 

, 

Field Unit (5) ~ 
Complaint, Investigate, 
Take Appropriate Action 

~ 
, 

~ 
,. 

Service Call 
!.A Completed 
I' 

.. Terminate Transaction .. From :Model 

Figure 40 Shows Equivalence Of GPSS/360 Program Logic Blocks To Flow 
Chart Of Actual System 
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INPUT DATA AND ASSUMPTIONS 

The computer model data input for system action times for th~ Orland? 
Police Department Command/Control System was based on extenslv~ statls­
tical sampling of the actual system operation on a 24 hour b3S1S for 
two six-week periods in early 1972. 

The construction of the computer simulation model used in this project 
required essentially two types of data about the Command/Control Sy~tem. 
The first of these categories was fixed structural data on the conflgura­
tion of the system, e.g., the nunilier of Radio Operator and Complaint Desk. _ 
stations to be cons~dered for each simulation run; or, somewhat more detalled 
data, such as which radio charmels were assigTled to which field units. 
This data was typically obtained from physical plans of the Command/Control 
Center and from discussions with Command/Control Center personnel and 
supervisors. The second major category of data was that relating to 
operational characteristics of the system. This classification included 
such factors as the determination of times for the human operator actions 
required to service an incoming call requesting police action. It is 
instructive_ at this point to consider how a representative data item was 
obtained from the actual system operation and tranSfOTIlled into a fonn 
suitable for tile computGr model. 

Consider the problem of generating service request calls to the System 
which simulates tile actual calls seen at the Command/Control Center. 
The timing of the intervals between the arrival of successive calls over 
a long period of time allows the specification of a statistical interarrival 
time distribution for these times. This distribution can ·be entered 
into the computer simulation progrrun in the form of a table of numbers, 
called a "FUNCTION" in GPSS/360. This procedure, outlined in the table 
on the facing page, requires an intermediate step consisting of the 
preparation of a cumulative statistical distribution on the time variable 
involved. TIle cumulative distribution gives the probability that the 
particular time element in question is less than or equal to some stated 
value. This distribution is then converted to a sequence of (x,y) data 
points and punched onto computer cards in the format ShOWll in level III 
of the figure, representing a GPSS/360 "FUNCTION" statement. The nrune 
"SHIFT 1" is a symbolic name assigned to the data curve in the function 
and whenever this name is referenced in the computer model, this curve 
will b0J selected for processing. When in operation, the simulation 
program selects a random number from one of the built-in generators, and 
addresses the SHIFT 1 function to obtain the next call's interarrival 
time. This value is added to the master simulation clock time to 
determine the time at lv-hieh the next outside call will enter tile Command! 
Control System. 

All of the Command/Control Center-operational time elements were entered 
into the model in the manner described above, resulting in a total of 
some 17 time functions in the final model. The standard caution directive 
that "a computer model is orily as good as its input data" was noted 
throughout the data cgllection and preparation process; every attempt 
was made to include ynly-valid data values. 
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STEP FORM OF DATA 

I Frequency 

Input Call Interarrival Time -'/ 
l 

II 

III 

Clnnula ti ve 
Interarrival Time, T. 

0.0 Probabili ty 
That t T 

Function To Describe 1st SHIFT (2300-0700) 
Call Interarrival Times 
SHIFT I FUNCTION RNl, C 17 

0.0 0.0 • 11 50 . .22 100. . 33 150 . . 41 200 . 
. 51 300 . . 60 350 . .65 400. . 71 450 . . 78 500 . 
. 89 600 . . 91 650 . .94 700. . 99 750 . 1.0 1600. 

1.0 

.47 250. 

.86 550. 

Figure 41 Steps In The Transformation Of Basic Statistical Data About 
The Command/Control Center Into Form Useable By The Computer 
Model 

... 
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ASSUMEb DISPATCHING DISCIPLINES 

To operate the computer simulation lnode1, a decision logic ~ust be defined 
for the assignment of pa.tro1 units to an incoming call, to Introduce a 
decision structure into the simulated operations. 

The Orlando Police Department operates four major classifications of 
patrol units: individual cars operated by patrolmen, individual cars 
operated uy Sergeants, individual cars operated by Lieutenants, and 
motorcycle units, which are principally assigned to traffic duty. 
Cars operated by Sergeants and Lieutenants are generally assumed to ~e 
supervisory but these units do respond to incident calls under certaIn 
conditions. The Dlles applied in the computer model are discussed 
below under the major operating categories of the computer model. 
In the "present system" the decision rules correspond approx:imately to 
the current methods in use at OPD. Under the Automatic Vehicle Locator 
System (AVL System) the postulated assignment discipline is described. 
Although this is a future system, the rules applied are deemed to be 
reasonable and close to expected operating procedures. 

Existing Assignment by District: When an incident occurs, an attempt 
is made to dispatch acar in the district in which the incident has occurred. 
If no unit is available in that district, then the district north 
(south) of the incident district is searched for a free unit. If no 
unit is available in those districts, then the district east (west) of 
the incident district is searclled for a unit to be dispatched. If no 
available unit is located through this 3600 search, the Sergeant and 
motorcycle units are searched for dispatch. If no unit is. located among 
these resources, the call is essentially unanswered and is inserted into 
a queue for accomplishment when an massigned unit is available. On 
high priority calls in a queue situation, the higher priority 
(emergency) incident bumps lower priority incidents into the queue. 
Exmnples uf district search are shown in Figure 42 . For incident 
1 (in District 2) District 2 is searched first followed by a search of 
Districts 4,1, and 3 respectively. Similarly, for incident 2 (in District 
4) the order of search is Districts 4, 2, 3, and 1 respectively. 
Similarly for incidents 3 and 4 the order of search is 1, 3, 2, 4 and 
3, 1, 4, 2. 

Automatic Vehicle Locator (AVL) System: Dispatch decisions in a system 
using AVL are made by computing actual distance from an incident scene 
to available field units. The closest available field unit is assigned 
(exclusive of Lieutenants and motorcycles). If a unit ~anned by a 
patrolman is not available, the closest Lieutenant or motorcycle is 
dispatched. As with the present system, if no available units are found 
the call is placed in a queue to await the first available unit. In 
calculating distances in the computer model, the operating area is 
overlaid with a system of grid lines providing coordinates of any point. 
These.coor<;linates, then, are used to determine the rectangular distance 
(as WIth CIty streets) between any two points of interest. Distances 
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c~mpu~ed in,this manner ~ecome hig~ly important in experimentation with 
t e ~11llUlatlOn model. SInce locatIOns and distances are known exactly 
the Influ~nce of accl:1racies o.f various AVL systems can be evaluated in' 
terms of lllcorrect dIsp~tches and additional unnecessary distance travelled. .. . .. 

DISTRICT 1 DISTRICT 2 

* * 
(3) (1) 

DISTRICT 3 DISTRICT 4 

* 
(4) 

* 
(2) 

-i-... 

Figure 42 Example of Dispatching Routine F.or Existing (Non-AVL)' System . 
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OUTPUT INFORMATION 

The GPSS/360 simulation model of the Orlando Police Department Command/ 
Control System developed on Project 70-04-05 was modified to incorporate 
the AVL System and provide a range of simulation data output usefu~ . 
in evaluating different types of AVL Systems under present and antlclpated 
system operations. 

The output information from the computer simulation model ~y b~ used 
for two major steps of the systems study process: model va11d~tl0n, and 
evaluating proposed system design changes under varied operatlona1 and 
environmental conditions. In the first phase, model outputs such as 
those depicted on tl1e facing page were compared with known system 
performance data for standard and non-standard operating conditions. 
The model was then refined through data resolution changes or structural 
modifications to bring its outputs within an acceptable correspondence 
to those of tbe real world system. In GPSS/360 modelling, this process 
of model "tuning" typically occupies a significant portion of the 
total model preparation time. As with any Monte-Carlo simulation 
procedure, GPSS/360 is sensitive to the various values selected as 
initial conditions on the random number generators providing the 
dynamic stochastic behavior of the model. For this reason, several runs 
wi th different initial random number values were made for each proposed 
system design or data change to assure that the range of model variation 
due to this condition was adequately represented. 

The various model outputs are used in both design and analys,is applications 
once the model has been validated .. For example, In the case where the 
feasibility of anrAutomatic vehicle Locator (AVL) is under study, the 
statistical properties of field unit"lO-6 times (time for a unit to reach 
an incident scene after dispatch) are obtained from several computer 
runs. These data provide a measure of system response to permit a 
comparison of AVL and the existing distinct dispatching system. In this 
study, two principle areas of comparison are under consideration: the 
economy of an AVL system versus present system, and effects of varying 
accuracies of the AVL system. Toward the first objective, the simulation 
model is modified to increase the number of operating units to a point 
of equivalence of system response beuveen AVL and non-AVL operations. 
The number of additional cars required to achieve this equivalence is 
seen as a measure of the economic contribution of an AVL system. Similarly, 
the effects of varying AVL accuracies can be studied by examining model 
outputs while stepping through several AVL accuracy levels. The overall 
simulation process is portrayed in Figure 43 showing the flow of effort 
beginning with a "what if" question leading to the broad range of possible 
model outputs. These outputs are futher discussed in later sections 
of this report. 

Facility 
Utilization 

o Radio 
Operators 

o Field Units 

''What If?" Questions 

Simulation Data Inputs 

1 

1 

1 
Number and Type of 
Calls Genera ted 

o Districts Where 
Originated 

Program Deck 

Computer Run 

Outputs 

Behavior of Queue 
at Radio Operators 

o Maximum Number 
Waiting 

o Average Number 
Waiting 

o Average Waiting 
Time In Queue 
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System Response 
Timings 

o 10-6 
Distribution 

o 10-8 
Distribution 

Figure 43Range of Outputs Generated By GPSS/360 Simulation Model Of Orlando 
Police Department Command/Control System Modified For Evaluation Of 
AVL Systems. . 
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VALIDATION OF SIMULATION MODEL 

Comparison of the computer model outputs with corresponding parameters 
from the real world Orlando Police Department Command/Control system 
was the primary validation mode used for the simulation model of the 
present dispatching method. 

The concept of the validation of a computer simulation model is o~ten 
stated in absolute terms, although a more realistic approach,may lnvolve 
working t~wards relative states of mofel agreement with reallty. One 
reference has defined the validity of a simulation model as "... the 
extent to which it satisfies its design objectives." The goal of the 
Orlando Police Department Command/Control system model was not to 
obtain exact duplication of real system performance, which would,be , 
impossible to achieve, but rather to achieve a reasonable approX1IDatl.~.m 
of real system performance and produce a model that would yield useful 
information about the system's operations, This goal was achieved. 

There are three basic approaches to assuring model validity;2 all were 
employed in: the construction of the Command/C~ntrol System Model to 
some extent. "The first approach requires building realism into the model 
structure, and typically involved making detailed analyses of actual 
system operating procedures and translating these into model language 
statements on a I.' one-t 9-one " basis. Representative coding from the 
model structure for the complaint desk personnel activity and the field 
unit operations is included elsewhere in this report. The model statements, 
in general, have a direct relationship to known actions in the real world 
on an elemental basis, which is the rationale for declaring that exact 
agreement between .the model outputs and the actual system operations:.s 
extremely unlikely. For example, incident investigation time is modelled 
by a GPSS/360 language statement of the form ''ADVANCE FN$INV03". This 
has the effect of causing the simulator to pick a random ntnnber internally 
and use "its value to obtain an investigation time value for the unit from 
the data function named "INV03". This time function was derived from 
statistical sampling of actual OPD investigation times. While the 
simulation model will not exactly match actual OPD statistical behavior, 
on the average investigation time in the model will correspond to 
real-world investigation time. This result is, in fact, the theoretical 
basis for Honte Carlo system simulation, e.g., the statistical description 
of a system operating characteristics may be obtained from tile aggregation 
of a member of samples from the system expected operating regimes. 

The second validation approach involves as?essing the reaction of 
knowledgeable personnel to the model outputs for familiar operating 
conditions. This action may be helpful in isolating and identifying 
doubtful results in the model outputs. 3 This comparison was 'done for 
the project simulation model and yielded the extremely important 

1 Maisel and Gnugnoli, 
(Chicago, Illinois: 

2 Op. 'Cit., pp. 33-35 
3 Op. Cit., p. 35 

Simulation of Discrete Stochastic Systems 
Science Research Associates, 1972) p.33 ' 

MODEL 

TABLE 20 
!':[JLTI -STEP PROCESS OF A 

MODEL VALIDATION 

STUDY 
REQUIREMENTS 
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(LEVEL OF DETAIL) 

EVALUATION OF OUTPUTS WITH 
RESPECT TO: 
o STRUCTURAL COHPOSITION OF 

MODEL (BUILT-IN FIDELITY) 
o EXPERT OPINIONS 
o STATISTICAL AGREEMENT WITI-I 

KNOWN DATA 

MODEL REFINEHENT 
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STATISTICS OF VALIDATION 

"An empiricist is one who believes only what nis senses tell him; in 
this case he has made an outrageous leap into the unknown." 

The question of the relationship beb~een the problem~ of valida~ion and 
inference arising from simulations of human systems 1S challeng1ng. 
Validation, as mentioned earlier, relates to the degree of "realism" 
associated with a mode~, whereas inference, or the methodology of 
drawing conclusions from data, often requires consideration~of.the 
"formalism" associated with a simulation process. 2 The stat1st1cal 
procedures for initial model validation require the analyst to 
carefully consider these somewhat mutually conflicting concepts. 
Consider the accompanying chart, taken from 'Pfaff and Pfaff3, and 
representing the range of simulations of human behavior. The ?rlando 
Poli~e Department Command/Control System model would fall somewhere 
near the "complex all computer experiment ll region of the chart, . 
the primary classification criteria is the relative degree of var1able 
interactions that exist within the model structure. The primary effect 
of this classification is that variable responses in the model are not 
independent in nature, and therefore cannot be treated with classical 
experimental design techniques. Analysis of such models typically then 
depends on single runs or replications to obtain descriptive model 
behavi~Tal patterns. 

One additional theoretical concept shOUld be addressed with respect to 
statistical validation of model behavior. This concept is that if a 
model describes some hypothetical or proposed system, no validation can 
in fact, be accomplished. This is a natural consequence of the fact 
that " ... if no numerical data exists for an actual system, it is not 
possible to establish the quantitative congruence of a model with 
reality. ,,4 The importance of thi.s fact in the present study is that 
the output data relating to the future Command/Control systems considered 
as alternate designs to the present system will have this characteristic. 

To illustrate'the statistical testing typical of that which can be done 
to validate the model, the analysis of model behavior for field unit 
travel time data will be presented. Manual sampling over several weeks 
with the actual system produced a mean of 4.605 minutes for this data 
element. The computer model yielded a mean value of 4.14 minutes and 
a standard deviation of 2.918 minutes for this same variable over a 
series of 3 model runs under the current implementation system. Additional 
data collection items were not made at this point in the study for 
this case, as each run was costing approximately $21.00 for computer 

1 

2 

3 
4 

C. W. Churchman, "An Analysis of the Concept of Simulation" Symposium 
on Simulation Models': Methodology and Applications to the Behavioral 
Sciences (Cincim1ati, Ohio: Southwestern PUblish1ng Co., 1969) pp. 1-2 
Martin Phaff and Anita Pfaff, "Statistical Analysis of Simulations of 
HLunan Systems", Proceedings of Eighth Sym~Osium of the National Gaming 
Council, Excelsior Springs, Mo., June, 19 9, p. 2 
Op. Cit. p. 7 
G. S. Fishman and P. J. Kiviat "The Statistics of Discrete Event 
Simulation", Simulation, April, 1968, pp. 191. 
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timeb ~d add~tional development work requiring considerable expenditures 
was e1ng projected for the model. The applicable statistical test 
was conducted as follows: 

" 
\ 

Descriph?n 

Feedback 

Data Series 

Replication 

Experimental 

Null Hypothesis: 

. ~-'-- - . 

Test Statistic: 

Rejection Region: 

Conclusion: 

Sample Bean = 
(Computer 
Prediction) = 

Population mean 
(Actual System 
Value Obtained 
By Sampling) 

t = 4.14 - 4.605 
2.918 7 r:::­

~I 3 

= -.275 

Forc;Jk:: .OS, reject for t> 2.920 

Accept the Null Hypothesis 

TABLE 21 

< 
AlI-H,lInan 
Simulation 

All H.lntm 
Game 

very 
complex & 
important 

subject-
generated 

not 
possible 

not 
possible 

VARIOUS COMPUTER MODEL SCHEMES BASED 

ON REALISM AND FORMALISM COHPONENTS 

degree of realism 

~bn Computer Simulation All-Computer Simulation 
(Game Simulation) 

.~ 

Hierarchical Man Man- Complex Simple 
~bn-Computer Computer Computer All-Computer All-Computel-Game Game Experiment li'qlerjlllcnt Experiment 

multi-level, one-level one-level or nrul ti -le\'el mul ti -1 evel partly partly lIUllti -1 evel all all 
formalized fonnalized formalized fonnalized formalized 

subject-and experimenter experimenter generated 
generated 

difficult and not possible possible possihle meaningful 

not I not possjble not pcssiL.1e I possible possible possible 

degree of formalism 

------------------------------,-----------~ 
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SYSTEM RESPONSE TO AUTOMATIC VEHICLE LOCATOR (AVL) ACCURACY ~. 

The simulation study compared the effects of AVL accuracies in two 
important areas: the number of incorrect dispatches and the average 
distance travelled due to an incorrect dispatch. 

The simulation model of the Automatic Vehicle Locator System was run 
with accuracies of + 0 feet, + 500 feet, and + 1000 feet. Four runs 
of the model were made with each run processing 500 incidents. In order 
to insure steady state conditions, 1000 incidents were processed through 
the model prior to collecting performance statistics. It is well known 
that transient effects in a simulation model must be eliminated to 
permit reliable results from the model. As a further control on 
variability between runs, each set of four runs were averaged to obtain 
the results shown on the facing page .. 

The first graph, Fi~ure shows the average distance traveled by an 
incorrectly dispatched unit as approximately 0.4 mile with an AVL 
of + 500 foot accuracy. An incorrectly dispatched unit is defined as 
a unit which is not the physically closest available unit to the 
incident under process. Physical distance in the model is measured 
in horizontal and vertical ( X,Y) distances. In the model design, it 
was assumed that X,Y travel most closely approximate actual travel of 
a vehicle through city streets. As an illustrative example, consider 
two points A and B with coordinates (Xl,Yl ), (Xz,YZ) respectively. The 
following simple formula relates the distance between these points 

Distance = I Xl - xzl + I Yl - Yzi 

where the vertical bars designate absolute value. In Figure 44, distances 
measured by this formula~ for incorrectly dispatched units averaged 
approximately one mile for the AVL System with + 1000 foot accuracy. 
It will be noted that the distance travelled increases sharply with 
decreasing AVL System accuracy. Computer runs with + 50 foot accuracy 
showed little difference from + 0 foot accuracy but aistance i~creases 
rapidly as accuracy is degraded to the ~ 500 and ~ 1000 foot levels. 

Fdr each of the accuracies in Figure 45 , the number of incorrect 
dispatches increases as the accuracy of the AVL System is decreased. 
Jl~ in~orrect dispatch is defined as the selection of a unit for assignment 
which is not physically closest to the incident scene. The selection of 
this parameter relates to the assumption that incorrect dispatches 
obviously degrade overall system response time. In the second figure, 
the nwnber of incorrect dispat~hes almost doubles as the accuracy goes 
fr~m ~ SOD feet to ~ 1000 feet, increasing from 17 wrong dispatches at 
the ~ 500 feet accura~y to 30 for the ~ 1000 feet accuracy system. The 
parameters of wrong d1spatches and average distances travelled due to 
wrong dispatches have been determined by Larsonl as significantly important 
measures of system performance. . 

.. 1 
Larson, Richard C., Urban Police Patrol Analysis' The Massachusetts 

Insti tute of Technology" Press, 1972. ' 
" 
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COMPARISON OF PRESENT .AND AUTCMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

The computer simulation model was developed to permit an asses$~ent of_ 
the value of an Automatic Vehicle Locator (AVL) System and the lnfluen~e 
of the accuracy of such a system. 

The two systems under comparison are the existing district dispatching . 
system (without Automatic Vehicle Locator) and the proposed closest ve~lcle 
dispatch using automatic vehicle locators of varying ac.curacy. Comparlson 
of the two systems is based primarily on the tabulated values of 10-6 
time (time from receipt of call until a unit arrives at the scen~ of 
the incident) and impact of dispatching the incorrect patrol vehlcle. 
The Automatic Vehicle Locator System model was run to obtain results for 
three different accuracies + 0 feet, + 500 feet, and + 1000 feet. The 
specific results of these runs are included in a later section of this 
report. 

To interpret the system behavior under various accuracies, a means of 
comparison to the present system was needed. For the purposes of this 
study, it was deemed appropriate to increase the mnnber of units in the 
present system to a point ~here both systems were equivalent in response 
time. Thus if the AVL System response time were less than the existing 
Distric·t Dispatching System, more patrol vehicles would be added until 
the existing system obtained the same reduction in response time. 

Under this procedure, the model of the pr,esent system was run 1'lith the 
same number of vehicles (34) as assumed in the Automatic'Vehicle Locator 
System. More vehicles were added, one at a time, to the model of the 
present system. The simulation was run again and the results noted. 
This was carried out repeatedly until the 10-6 time equalled oTlwasless 
than, the 10-6 time of the Automatic Vehicle Locator System. As vehicles 
were added to the present system, they l\1ere placed in districts showing 
the most activity in the previous run. 

A graphic comparison of the two systems is shown in Figure 46. Some 
of the 'results shown by the graph include: 
1. A perfect Automatic Vehicle Locator System will operate as well as 

the present. system with 37 vehiCles. 
2. A 500 foot accuracy Automatic Vehicle Locator System has the 

performance of the present system using 36 vehicles. 
3. The two systems are approximately equal with an Automatic Vehicle 

Locator System of 800 feet and the present system with 35.8 vehicles. 

On an overall basis, we may conclude that the cost of operating 1.8 
v~hicles (rounded off to 2 vehicles) may be compared wi~l an AVL system 
v~th 800 feet accuracy. In general, then, we may assume that if the 800 
feet AVL System is less costly then the operation of 2 additional patrol 
units its installation is justified. 

/' 

----"..,.. 

/ 
/ 
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AVL RESPONSE 
NON-AVL RESPONSE 

,----~~--,--------------------------~-----------------
34 35 36 37 NUMBER 8F VFHICLES IN NON-AVL 

0' 500' 1000' AVL ACCURACY IN FEET 

FIGURE 46 
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ECON(1IlIC JUSTIFICATION OF AVL SYSTEM 

A basic engineering economics analysis was used to estimate the .,capital 
investment-.which could be justified for an AVL System based on l.ts response 
efficiency expressed as equivalent patrol vehicles. The analysis showed 
that for each patrol unit so replaced $914,000 was justified. 

The Orlando Police Department is currently experiencing expenses of $450 
per month fo~ the operation and maintenance of each patrol vehicle (car). 
This includes depreciation, gas, oil and maintenance. To estimate the 
personnel costs a single officer unit was assumed and an average salary 
of $10,500 per year for the officer. Three ~hifts per day, 7 day/week, 
including holidays and vacations would require 5 equivalent men and 
amount to $52,500 direct cost per year in operator salaries, for each 
unit in the field. If we include overhead and administrative support 
this would increase by an estimated 100%. The Orlando Police Department, 
therefore, ~xperiences total costs per year of $115,000 including 
operator salaries overhead/support and operation and maintenance costs. 

Although the initial cost of an Automatic Vehicle Locator (AVL) System 
is unknown at this time the capital outlay justified by a reduction in 
field units can be determined. This can be used to determine the threshold 
of capital ,outlay where an AVL System becomes a good investment. Examining 
the cash flow diagram iIi Figure , the cost of an AVL System has been 
labelled as "X". Annual operation and maintenance costs were estimated 
at 10% of first cost or .10X, as shown in the diagram. The investment of 
these amounts, then will produce savings because of fewer patrol units in 
the field. For example, if one field unit is eliminated ,through the use 
of an AVL System an annual savings of $115,000 will result .. This amount 
is shown as the upward (cash inflow) arrows on the diagram. The net 
"profit" from installing an AVL System eliminating one' field unit is 
the quantity ($115, 000 - . lOX) • We then wish to solve the equation 

X = ($115,000 - .10X) (PWF - 5% - 10); (1) 

where the quantity (PWF - 5% - 10) is the Present Worth Factor of an 
annual amount at 5% interest over five years. Five percent was assumed 
to be a reasonable return on investment for a municipality. Using a 
standard table of interest factors we have 

X = ($115,000 - . lOX) (,1.722) 

which may be solved for X as 

1.722X = $115,000 (7.722) 
or 

X = $115,000 (4.357) = $501,000 

(2) 

(3) 

(4) 

Thus an elimination of one field unit justifies a capital investment of about 
~50l?O~0. In a similar fas~ion, ~e.can rapidly calculate capital inveS'bment 
Justl.fl.ed for 2,3,4 etc. unl.ts ell.ffil.nated from the field .. This data is 
di~played in Figure 47 . This plot reveals that a straight line relationship 
eXl.sts where for each car eljminated an additional $501 000 in capital 
investment is justified. ' 
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I~ :amin~ng ~hese figures it is necessary to consider the true "savings" 
o e. re u~tl.on o,~ field units. Certainly, patrolmen relieved from . 
~pe~~~l.ng fl.eld unl.ts are not completely eliminated from OPD operations 
n hfil.S sense m~npower so released could be used in other OPD functions' 

suc as Preventl.ve Patrol. ' 
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APPENDIX A 

FUNCTION FLOW DIAGRAM OF MAJOR SUBSYSTEM ACTIVITIES 
OF OPD co~t~/CONTROL SYSTEM 
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Figure 48: 

bdl. 

Function Flow Diagram of Major Subsystem Activities of OPD 
Cormnand/Contro1 System. 
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COMPLETED DATA COLLECTION SURVEY FOru~S 
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ORLANDO POLICE DEPARTMENT SURVEY FORM 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRIMINAL JUSTICE 

PROJECT 72-14-09 . 

ATTENTION: Dr. Robert D. Doering, 
Florida Technological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 
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1. INTEREST OF OUR FIRM IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier 
Component Supplier 
Other 

( x ) 
( ) 

2. EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research 

Design 

Prototype 

Operating Systems 

3. SYSTBvI DESCRIPTION 

Sensor Type 
Officer Update 
Proximity 
Dead Reckoning 
Trila tera tion 
Triangulation 
Loran-Decca-Qnega 
Other 

x 

x 

x 

( ) 
( ) 
( ) 
( ) 
(x ) 
( ) 
) Sign-post 

Vehicle Electronics, uses car radio as coded 
~~=-~=-~~~~~====~--

beacon 

Base Station Electronics three or four station 

DF system 

Data Link phone lines for simplest configuration 

_________ ,~s=l=ow~eed, bidirectjonal data Jink 
for more advanced system 

1 
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4. 

,C! ...... 

Base Station Display CRT situation 

display with text 

Dispatchers CRT Console Display Similar 

to above 

System Computer one of several mini's 

such as PDP-II 

System Documentation not yet complete 

Personnel Training minimal required 

System Equipment Maintenance (annual) __ _ 

minimal required 

Additional System Capabilities growth to 

complete status monitoring, information 

retrieval and command and control 
Oth er Notes on System _________ _ 

SYSTEM PERFORMANCE DATA DESIGN ( x) FIELD TEST (x) 
(Partial) 

Accuracy better than 1,000 feet 
--~~,~~ .. ~,~.~,~"'~-=~~-=~~----

Capacity Unl imi ted ". . 
--~~=-~~~-------------

Update Time ....:3;;...;· O::.....;V:..-:e=h"""'l=· c ..... l=-:e"'-'s"""I'-'S""'e"-'c"'-'-. ____ _ 

Frequency __ ~s~h~a~r_e~s~p~o~l=i~c~e~c=h~a~n~n~e~l~s~ __ __ 
Band Width 5 KC 

--~~-------------------
Power Levels standard police radios 

Sites 3 or 4 depending on terrain 

Coverage Area depends on site geometry 

Advantages 1) automatic, 2} reduced vehicle 

electronics, and 3) data link compatible 

Limitations reduced accuracy in c.ongested 

area with tall buildings 
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.May we use this information in our report? Yes (x ) No ( ) 

.May we contact you for more details? Yes ( x ) No ( ) 

Is your.fir~ interested in setting up a breadboard system 'for 
eva1uatlon ill Orlando Yes ( ) No ( ) 

Corrnnents W 1d b e wou e interested in discussing 

program further to see if our developmental 

~d be used in your evaluation. 

the 

equipment 

Name Harold Wing 
Title Mgr., Municipal Systems 

Organization ____ S_a_n~d~e~r~s_A~s~s~o~c~i~a~t~e~s~l~I~n~c~. ________________ ~_ 
Address 95 Canal Street, Nashua, N.H. 03060 

Phone ----'0'-6_0_3..::...)_8_8:.....:5=-·--..::.6:.....:4....::::5~7 _______ Signature '11. tJ H 
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ORLANDO POLICE DEPARTMENT SURVEY FORM 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRLMlNAL JUSTICE 

PROJECT 72-14-09 

ATTENTION: Dr. Robert D. Doering, 
Florida Technological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 

1. INTEREST OF OUR FIRM IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier (X ) 
Component Supplier (X ) 
Other System Design and Checkout 

2. EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research 

Design 

Prototype 

Operating Systems 

3. SYSTEM DESCRIPTION 

Sensor Type 
Officer Update 
Proximity 
Dead Reckoning 
Trilateration 
Triangulation 
Loran-Decca-Omega 
Other 

X 

X 

X 

None 

( ) 
( X ) 
( ) 
( ) 
( ) 
( ) 
) 

Vehicle Electronics Passive labe.l 
---~~~~~~---------

Base Station E1eGtronics 
desired by customer 

Te1etypewriter or as 

Data Link telephone lines 

1 

4. 

-.-.. -.---.-----~--

Base Station Display to customer specified 

Dispatchers CRT Console,Disp1ay ---------customer specified 

System Computer __ --=.H:..;:.P_21:..;:.O_OJ:....A. ______ _ 

System DocWllentation Small Tl1D.n'lal 

Personnel Training Tl-J'O hou.rs 

System Equipment Maintenance (annual) 

Factor,r replacement 

Additional System Capabilities -------
___ --JoJ.:S~13 attached 
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Oth er Notes on System r,'n,st he rlesj gned to customer reqn.iremon.t o 
See r.tttached 

SYSTEM PERFOm!A..~CE DATA DESIGN (X ) FIELD TEST (x) 

Accuracy To wjthjn sjgnpost. Jocation plus deadrackoning 
Capacity Unlimited 

Update Time Avery signpost pass:ing 
Frequency C band ----------------------------
Band Width Je 55 than 500 Hz 

Power Levels 1. milliwatt 

Sites customer specified 

Coverage Area s; gnposts :i n gr:i d 

Advantages Sae at.ta ched 

Limitations No extensive opemt.:ing 8XfE rience 
No limitations basad on limited field tests o 
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May we use this information in our report? Yes (X ) No ( ) 

May we contact you for more details? Yes (x) No ( ) 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes ( ) No ( ) 

.' 

Comments We will provide a system to your specification under contract 

We have ava5J.able hardware off ... the shelf 0 Hot'l'ever, it wouJ.d take us about 

3 months to ~plement your requirements into a software program suitable 

for use jn your app1icationo See attached for system deta:Uso 

Name JaJnes Constant 
----~~~~~~---------

Title President 
--~~~------------

Organization ____ -.-:R::;C::::S:::...-::A:;::S::..SOC;::.::.:IA=:;::TE=:S::..;JL:::I::.:NC..:.:.... ___________________ _ 

Address 1603 Danbury Dro, Claremont, 

Phone ______ ..>...( 71:.... • .-;.4.:...) _6_2...;..4 .. _1_8_o1. ___ Signature -\+_--.:..--.-::....::::-----==+--

ORLANDO POLICE DEPARTMENT SURVEY FORM 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRIMINAL JUSTICE 

PROJECT 72-14-09 

161 

ATTENTION: Dr. Robert D. Doering, 

1. 

2. 

3. 

Florida Technological University 
College of Engineering 
P. O. J30x 25000 
Orlando, Florida 32816 

INTEREST OF OUR FIRM IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier ( ) 
Component SUl(t~rJ () ~ _ 0.' "-
Other ~-""R. - ~..;::b... ~~ 

EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research 

Design 

Prototype 

Operating Systems 

SYSTEM DESCRIPTION 

Sensor Type 
Officer Update ( ) 
Proxjmity ( ) 
Dead Reckoning ( ) 
Trila tera tion ( ) 
Triangulation C ) 
Loran-Decca-Omega ( ) 
Other ) 

Vehicle Electronics 

Base Station Electronics 

Data Link 

1 
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Base Station Displ,ay ,Jb ~ 1<..,. .~. ~ 
c fC\ A ~r.O j .R.~-c2.4,,;;4 ~ 163 ." 

1~!tft;f,:;=C~T ~ Console Display cJ:i:::-. o.~ a---+'c,. . 
~U 

System Computer __________ _ 

System Documentation _________ _ 

May we use this infonnation in our report? Yes ()() No ( ) 

May we contact you for more details? Yes (-/-) No ( ) 

Is your.fi~ interested in setting up a breadboard system for 
evaluatlOn m Orlando Yes ( ~) *= (:)t:) 

t b-'b~~ Comments 

Per sOlme1 Training 

System Equipment Maintenance (annual) 

Additional System Capabilities ____ _ 

-Oth er Notes on System _______ _ 

4. SYSTEM PERFORMANCE DATA DESIGN ( ) FIELD TEST ( ) 

;, Accuracy _____________ _ 

Capacity ________________ _ 

Update Time 

Frequen.cy _____________ _ 

Band Width ------------
Power Levels ---------------
Sites -----
Coverage Area __________ _ 

Advantages ____________ _ 

Limitations -----------------
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ORLANDO POLICE DEPARTMENT SURVbY FORM 

AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRTIMlNAL JUSTICE 

PROJECT 72-14-09 

Dr. Robert D. Doer:i ng , 
Florida Tec1mological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 
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1. INTEREST OF OUR FIRM IN AUfOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier ( I~) 
( i/) Component Supplier 

Other 

2 • EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research 

Design 

Prototype 

Operating Systems 

, , /1 L 
be-""L?/~ 7t,"""/o.'£,jlh<'T.HTIIII'I-' r....G',7/~"'- ,-IL:{ 

/1 J~k'&/'IN7t'!-I>' fit'!''': SON"'" /-!f.,;//(.J 7,-;.'H,..-:."O· 
~ltl:!r.IC'~ 7r.":;"·'~l.J"."I'I//~'" 7'"':;'" j",.;t"I ~I/)'/ 

3. SYSTEM DESCRIPTION 

Sensor Type 
Officer Update 
Proximity 
Dead Reckoning 
Trilateration 
Triangulation 
Lor31l-Decca-Ornega 
Other 

( ) 
( 1---) 
( v- ) 
( ) 
( ) 
( ) 
) 

Vehicle Electronics __ ~T,~/~~'c~~7~/~~~-~(~~~'}----------------

Base Station Electronics ____ T:..-.:.h/...:::i':...-..:..T~'~,./:...."·-=-t:.::..3-----------

Data Link ~/~. __ ..:..)~/-~/-N...:::·P..:../~"~/-N-=-i.~9------------------------

1 
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Base Station Display /. ///on ,~ 

0/. (..;:"7 

Dispatchers CRT Console Display ---------
/. C./<7 T 

System Documentation / A·, .... ".ss ('. /, /' :"'--=-'=":"~~;7--~--..!:.~G':.:!,f~ •.• '-/.;/", ~ c: 

Personnel TTainm.g /. 1l/1'-1.f.L!..!.I/'J.c_~/-_=_~'!-I.::.'-.!... • .!:..'--Lr 4-l 
I 

System Equipment Maintenance (rumu&.l) ---
Tt!J.l) 

Additional System Capabilities -------

Oth er Notes on System -----------

4. SYSTEM PERFORMANCE DATA DESIGN ( " ...... ) FIELD TEST ( ,;..- ) 

Update Time /. '12 J-r:' r: 2, //2 ~r' ( 

---~-------~---~~~-
Frequency /. /V 1'7 :"'13 ':;" ,,{I 1.'1 t H? 

Band Width /. It' '--/ ;:, 7' /C." /c N .? 
.--------------~~~~~ 

Power Levels /. /I.r~ <'. 311' "')rT~ ,tire ,in *."", e.L 
I 

Si tes _I'. l~,( I"" ,.._"r'''." L. r '2. t; " ~ _____ ~ ____________ ~<~~~/~,,~~~,~··~,~~;~jLL 

Coverage Area /, :1'Y/"_I"".-;J/,',-.,.; Z, <" ____ ~ ___ ~~.~-______ --=-,~.£/'..:..·,~f'~··~~~6~~~. 

Ativan tages _--=-1.'._' '.:..:' -_' .....::C::.::<...:'.:....'i --,;f---L!:... . ..f. :...!:.!.~'..L£~ __ 7' ;It:' i.. ~ , ,'.1-" I ~ 1..' 

Limitations 

._-"'--.. •. _ ... --_._--....... ...-.----._--------..,.",..,_."-'""-..... _""p"" ........ --,-' 
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May we use this infonnation in our report? Yes (vi No ( ) 

. ? Yes (~) No ( ) May we contact you for more detalls. 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes (:/) No ( ) 

FL-(t( I 

Name Ti tIe /l//9/l.. A1Z=/2 

Organization ;Jc"A)V/,c /71.0
/;'" s-e"g°t! S,>,r-::TN/!S 

Address 3300 I2Ynl()t/7H /C~"-If;I ,I ',"-}.r", 

Phonel/j--6 t .r- 7 7 (. t Signature 

p,~ t-' ,: f ":C)'1 

~1n.;3'(:/:' //, it, 

.' 

ORLANOO POLICE DEPARTMENT SURVEY FORM 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRIMINAL JUSTICE 

PROJECI' 72-14-09 

ATTENTION: Dr. Robert D. Doering, 
Florida Technological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 
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1. INTEREST OF OUR FIruvI IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier 
Component Supplier 
Other 

( :,,-'J 
( ,....,. ) 

2. EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research 

Design 

Prototype 

Operating Systems 

3. SYSTEM DESCRIPTION 

Sensor Type 
Officer Update 
Proximity 
Dead Reckoning 
Trilatera tion

C 

Triangulation 
Loran-Decca~Omega 
OthOl' 

Base Station Electronics 

( ) 
( ) 

~~" 
( ) 
( ) 
) 

IIrfrR'eee,ver ---------

Data Link 

1 
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Base Station Display _____ -----
'/- Y I'lcffev-

Dispatchers YRT Console Display 
NoYl/L 

system~o ute.r 
~ i"'I

1
c 

~ ytei..,., c;:, If!.. v~ 

sys/-~en~n ~Z>ot--o-·-=r==-' ----. -,-" 7-
se ~ S~ £0 n (j 6.t;/r7 @ t) (j , 

----"'-

Personnel Training. 

AI//1-• 

System Equipm)tlt Maintenance (annual) 
Aidl dV4.il ____ -

168 

Additional System Capabilities . .~I • 
J "I ~I,.-h::... ~t:IM.s.,...t (ss ((Jrl 

~o -OJ~y V01C.e.,f av- ($.'7' ra ut.. 

) FIELD TEST ( ) 

1Y7 /h~"ktde?tc:...., ,D(Jt f-P';f-s 

Power Levels 

169 
" 

Mp.y we use this information in our report? Ye.s (vr- No (. ) 

. May we contact you for more details? Yes ('-1 No ( ) 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes ( ) No ( ) ~u t- AA(}f-~ ;,rl'hYIV\c<I-t.-.1 

Comments ?he ;f'n ~ I~ 5 'loS fpNt h~.s J~etl7 
=.; UCLe.s.s-ht 1/ -P.s-h, '1''1 E( (10. 'a"1 s;.~ lJi~;u 
~ CJc./;fo'-rlt.d. Aliso ~h,/e;r~?hf'c.: 

~l W;<Sh,,,~ ".:, .;l>.C" 

Name ~1-1Kd 6t/b{.J"~ TitJe /?V·p~·I-_ Me<Vld..L~_ 
Organization G6ei- £p1r1c:(~ir,e_/ [1G1'-r-. 

Address 42- f"s /eftJ c/prdSf!.'_ A-ve 
Phone ('1 I <[) .;:>7 r 7400 Signature p",-.LA? 4..._____. 

K.L .. d~k~JG'''' 
/lA'aol4 0- 'Fe v- a -I M ~ rKC' h y) C, 
~ t:-< 6·.~ L1C/bS f~ro:1 (brjt?, 
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ORLANDO POLICE DEPARTMENT SURVEY FORM 

. i\UTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR I S COUNCIL ON CRIMINAL JUSTICE 

PROJECT 72-14-09 

ATTENTION: Dr. Robert D. Doering, 
Florida Tec1mological University 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 
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1. INTEREST OF OUR FIRM IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier C ) 

Component Supplier C ) 

Other See attachment 

2. EXPERIENCE OF OUR FIRM IN AVL SYSTEMS 

Research X 

Design X 

Prototype X 

r:_1erating Systems 

3. SYSTEM DESCRIPTION 

Sensor Type 
C ) Officer Update 

Proximity C X ) 
Dead Reckoning C ) 
Tril aterat ion ( ) 
Triangulation C ) 
Loran-Decca-Omega C ) 
Other ) 

Vehicle Electronics See 3a of attachment 

Base Station Electronics See 3b of attachment 

Data Link See 3 c of attachment 

1 

4. 

Base Station Display Lighted display board 

with status and location light indicators • 

Dispatchers CRT Console Display Standard 

computer inquiry keyboard with CRT display. 

System Computer Almost any small commercially 

available computer. 

System Documentation Primarily standard mini-

computer and computer inquiry unit documen­

tation. 

Personnel Training No more than a few hours to 
operate. 

System Equipment Maintenance (annual) Primarily. 

emitter frequency and power output checks 

and sensor sensitivity checks. 

Additional System Capabilities Officer in 

trouble silent alarm 

Oth er Notes on System See 3k of attachment. 

SYSTEM PERFORMANCE DATA DESIGN (X) FIELD TEST C X ) 

attachment. 
unlimited. "1 
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Accuracy See 4a of 

Capacity Virtually 

Update Time Within a second after ve~icle passes sensor. 

Frequency 27 MHz preferably. 

Band Width 25 KHz ma~.::.:i::.:m:::.;um=::... _____ _ 

Power Levels 50 to 100 milliwatts 

Sites See 4g of attachment 
Coverage Area Whatever area is equipped with sensors. 

Advantages See 4i of attachment. 

Limitations See 4i of attachment. 
----=---~~~~~~~~---
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Mav we use this information in our report? Yes (X) No ( ) 
/ 

May we contact you for more details? Yes (X ) No ( ) 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes ( X) No ( ) 

comments We would be interested in setting up a bread-

board system provided our costs are covered. We would 

be willing to agree to an arrangement to reimburse the 

City later from profits out of sales of the system to 

other cities if they materialize. 

Name E. Ray Knickel Title President 

Organization CAPITAL SCIENTIFIC CORPORATION 

172 
.' 

Address 2607 Connecticut Avenue, N.W., Washington, D.C. 

Phone AC 202/667-3100 Signature ______ _ 
--~~~~~~~----------
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ATTACHMENT TO ORLANDO POLICE DEPARTMENT 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS QUESTIONNAIRE 

Note: Answers to questions that require more space than was 
available on the questionnaire form are provided on 
this attachment. The answers are numbered to correspond 
with question numbers on the questionnaire form. 

1. We would design and build the prototype units and we would 
prepare specifications for the entire system which could 
then be put out for bid. 

3a. Vehicle Electronics consists of a very low power AM or FM 
transmitter (emitter) preferably operating in the 27 ~lliz 
band. The transmitter would be modulated by a discrete 
combination of audio tones that may be either continuous 
or pulsed depending on the system requirements. 

3b. Base station Electronics consists of tone filters and logic 
circuitry which make up decoder for decoding the emitter 
identification code and may also include a decoder for 
decoding the sensor identification code. 

3c. Data Link would consist of very simple relatively insen­
sitive receivers (sensors) installed on police or fire 
call boxes and at other locations as necessary, preferably 
connected to base station by land lines. In the caee of 
radio call boxes, a radio link could be used for the data. 

3k. System could operate in conjunction with intrusion detec­
tors at certain locations or temporarily installed on 
premises that are suspected of being targets for burglary. 

4a. Accuracy is determined strictly by the spacing of the sen­
sors. Hence the system can be built to any desired accuracy 
and different areas of the system can have different 
accuracy capabilities as required~ 

4g. Police and or fire call boxes plus other sensor locations 
as required. 

4i. The advantages of the system are as follows: 

(1) 

(2) 

Requires virtually no spectrum since only a,few audio 
channels at most would be required for even the larg­
est system and these same channels can be reused all 
over the country. 

Equipment in vehicle is extremely simple since no 
storage or logic is required in vehicle unit . 
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(3) 

(4) 

(5) 

(6) 

(7 ) 
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- 2 -

If a call box system is in cxistance or a cable TV 
system with an available data channel is in existance, 
implementation of the system can be achieved at a 
minimum of cost per vehicle. 

Silent alarm for officer in trouble can be provided. 

Covert tracking of suspect vehicles could be achieved 
by means of microminiaturized emitter units. 

System could operate in conjunction with a burglar 
apprehension system with intrusion detection sensors 
tripping emitters to edentify location of the break-in. 

Accuracy can be varied in different parts of the sys­
tem as required. 

4j. The main limitation to this system is that the initial 
cost would be high if there is no existing call box sys­
tem or if there is no CATV system in the city that has a 
data channel available for this use. 

ORLANDO POLICE DEPARTMENT SURVEY FORM 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRIMINAL JUSTI~E 

PROJECT 72-14-09 
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ATTENTION: Dr. Robert D. Doering, 
Florida Technological University 
College 'of Engineer:ing 
P. O. Boy 25000 
Orlando, l'l?rida 32816 

1. INTEREST OF OUR FIRM IN AlITOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier ( X ) 
Component Supplier ( X ) 
Other CONSULTING ACTIVITIES 

2. EXPERIENCE OF OUR Plm"l IN AVL SYSTEMS 

3. 

Research X 

Design X 

Prototype X 

Operating Systems X 

SYSTEM DESCRIPTION 

Sensor Type 
Officer Update ( ) 
Proximity ( X ) 
Dead Reckoning ( ) 
Trilateration ( ) 
Triangulation ( ) 
Loran-Decca-Omega ( ) 
Other ) 

Vehicle Electronics PROVIDE FOR LOCATION (AND STATIJS) INFORMATION 

RECEPTION, STORAGE, COMPA~ISON AND TRANSMISSION TO THE COMMAND 
CENTER. 

Base Station Electronics PROV'I DE FOR LOCAT I ON (AND STATUS) I NFOR­

MATION RECEPTION/TR~NSMISSION, STORAGE, COMPARISON, AND TRANSFER TO 

DISPLAYS & INFORMATION SYSTEM PROCESSING EQUIPMENT. 

Data Link RADIO FREQUENCY AND/OR LAND LINES DEPENDING ON 
SYSTEM REQUIREMENTS. 

1 
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Base Statlon Display SPECIALLY CONFIGURED FOR EACH APPLICA­

TION. AUTOMATICALLY PROVIDES LOCATION & STATUS OF MOBILE UNITS 

WITHOUT OPERATOR INTERVENTION. 
Dispatchers CRT Console Display PROVIDES FOR ALERTING DISPATCHER 

ON EXCEPTION BASIS; TOGETHER WITH CAPABILITIES FOR CALL-UP OF 

LOCATIONJSTATUS, AND/OR UNIT NUMBER. 
System Computer VARIES WITH SYSTEM SIZE, &. COMPLEXITY OF 

INFORMATION SYSTEM REQUIREMENTS. MINI-COMPUTER FOR 
c2 SYSTEM. 
System Docwnentation COMPLETE SYSTEM DOCUMENI~TION IS PROVIDED, 
INCLUDING OPERATIONS MANUALS, MAINTENANCE MANUALS, SYSTEM 

TRAINING MANUALS, ETC. 

Personnel Training PERSONNEL FULLY TRAINED IN USE OF SYSTEM. 
DISPATCHER AND OFFICER TRAINING EMPHASIZED. 

System Equipment Mnintenal1ce (rumual) DEPENDS ON SIZE & 

COMPLEXITY OF SYSTEM. SYSTEM ELECTRONICS CAN READILY BE MAIN­

t8INED AT CARD LEVEL BY NON-TECHNICIANS. 

Additional System Capabilities SYSTEM HAS CAPABILITY FOR 

TWO-WAY DIGITAL INFORMATION TRANSFER/DISPLAYJ AS WELL AS FOR 

EMERGENCY SIGNALLI~!J BY OFFICER AWAY FROM UNIT. 

Oth or l'\otcs on System SYSTEM IS FULLY OPERAT I ONAL 
AND CAN BE LEASED AT THIS TIME. 

SYSTEM PERFORMANCE IlI\TA DBSTGN ( ) FIELD TEST (X) 

Accurac)" AS REQUIRED. 100 FEET MAXIMUM ACCURACY . 

CapacitY.J!Q LIMIT ON MOBILE UNITS 
Update Time NORMALLY 200 UNITS/MIN 

Frequency NORMALL Y 150MHZ; 450 MHZ 

Band Width 3000 KHZ 
Pov,'or Level-s-A-L-L -P-O-WE-R-(-:-I-NC-L-U-D-I N-G-RF-:-)-M-E~~T-S-O-R-LA-NDO REQU I REMENTS. 

Sites NOT REQUIRED WITH PROXIMITY SYSTEM 

Coverage Area ENTIRE GEOGRAPHIC AREA 

Advantages LOWEST COST SYSTEM AVA I LABLE. 

LOCATION ACCURACY CAN BE VARIED THROUGHOUT GEOGRAPHIC 

AREA TO MEET OPERATING REQUIREMENTS. SYSTEM 
IS READY FOR IMPLEMENTATION. 
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May we use this infonnation in our report? Yes ( X ) No ( ) 

May we contact you for more details? Yes ( X ) No ( ) 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes (X ) No ( ) 

Corrnnents SYSTEM IS READY FOR DEMONSTRATION, TESTING, EVALUATION, 

AND IMPLEMENTATION. 

Name R .. B. FLEMING Title VICE PRESIDENT 
-------------------------

Organization __ P_R_O_D_UC_T_S __ O_F _'_N_F_O_RM_A_T_I_O_N_S_Y_S_T_EM_S __________________ _ 

Address 225 PAULARINO AVENUE 

Phone __ (7_1_4_' _5_4_o-_9_7_72 ______ Signature l! 7-&7 
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ORLANDO POLICE DEPARTMENJ;' SURVEY FORM , 
AUTOMATIC PATROL VEHICLE LOCATOR SYSTEMS 

FLORIDA GOVERNOR'S COUNCIL ON CRTIMlNAL JUSTICE 

PROJECT 72-14-09 

ATIENTION: Dr. Robert D. Doering, . 
Florida Teclmo1ogical Universlty 
College of Engineering 
P. O. Box 25000 
Orlando, Florida 32816 

1. 
INTEREST OF OUR FIRM IN AUTOMATIC VEHICLE LOCATOR (AVL) SYSTEMS 

System Supplier (C V'v )) 
Component Supplier 
Other _-------------

2 . EXPERIENCE OF mIT<. FIRM IN AVL SYSTEMS 

Research FOLlY '(';::1:.:1' D;~ .. d(y R'!f?[.o.J Rej"e:~(L ~ 

Design ~. .ita Ve~;de S"t>f1, o\'" >' )r'I:f.e~$ 
"':i, t~'I'>:' 

Prototype 

Operating Systems 

3. SYSTEM DESCRIPTION 

Sensor Type 
Officer Update 
Proximity 
Dead Reckoning 
Tri1ateration 
Triangulation 
Loran-Decca-Omega 
Other 

C ) 
( V) 
( ) 
C ) 
C ) 
C ) 
J 

Base Station Electronics r; ;,,, f'"d: TW'e fA (b·?-~.1;' c. 

1V-2t"'Jt"'ti~feV""' J (2! ftC! 1-'\ 

Data Link R -c J,., .... o 8-0",,", N c:1i-tiy Vetu'-e If:' To 
CelA frnJ./·J-{~ -f? 11"'. He.w.gr9 Af HCI"tw Ve.c,ic (e fh,fJ.r 

'JVlfo.O;...t~{-f )(9"'pe·:f fh,,'J<d. u.r.tt-d fq{(et, 

1 

4. 

Base Station Display ------------------
------------~------------~~---

Dispatchers CRT Console Display ------

System Computer --------------------

System Documentation -----------------

Personnel Training 

System'Equipment Maintenance (annual) 

Additional System Capabilities (c ..... I'!-"f.L/c tecL.;:' ... e 

nv TV~"'/:t1({;i:(f-lj Pn-- lIeCttc;.{e (1. .f i'j'1Pdt. r . 
• 

Oth er Notes on System ~hl!.' ,44'",,£;(.. Pn;'£Ii..'j(.! h;;~ 
A~ - {I'L r-: rri !.t{P'~ft"\o\.I' t-Q/;.(eH/'tJ ~r t..",;·A:-n:det C.:~rO!-re'r 

Oe/: • ..,,,~J Ff.Y h"ltlde t:j,j~PM'"V'e C( .,/ft (h... Si'jIlIPCi t-J' e Gc ./ 

SYSTEM PERFORMANCE DATA DESIGN C ) FIELD TEST 

Accuracy ___ :b=-_~~s~F~~~e~{~~~~~~J~',~'t~~~fr~ .. ~~'~"·c~ __ __ 
Capacity No L:,~i·t 

--~~~~~--------------------

Update Time _5"-=e-=",...::. .. ,= ... ~J...oI.s _________ _ 

Frequency ?- c'" () (' Ie.. It' 2. 
------------~-------------

Band Width __ S-.L.&-"..'c_' _____________ _ 

Power Levels cA." J.4v S- c..v ~ ~, 

Si tes Te (e,.~, .. {! p,.je.I, .r: 'tIA.N:r -6- 8",,' (!;I.(!' J {e tc... , 
, I 

Coverage Area i DO F .. ::t- L~ 'I'{;{'" y {' R.c a,j .. v'~ y 

Advantages ej-~6.;c£'~~/e Area ("v"",a),t' W;l{. .... i­

Kt.( -ht~i ~~~re .. rc ':"I.., a ~ d .. b f('J L(;~v {" .. 'f:. Ri:(,/-I,,/,p 

Limitations MCi&-<4lo ~ f:. ~~te ,R.~1;r(1''''''' H .. lfr/Jit. it .. d-t 

Fr;vtt.(i/ (c""'.~tlc [rj .. ,(i k'-V &."" Bh"-J. 
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, May we use this infonnation in our report? Yes ( I/'j No ( ) 

May we contact you for more details? Yes ( V) No ( ) 

Is your firm interested in setting up a breadboard system for 
evaluation in Orlando Yes (v) No ( ) 

~~ Po~~ r'ov" 

Corrnnents At?A-./:t:uc~ hu bet!VI, f'~"(-V/it'f -;}rpf' lic~ti~ Q'1'- (d 1b2-,td<""Ci' 

-fpc A-V L ~f G<J {M f' ~ wt i/Pf'lt .r"'l--.{ y-e.re ~-4 F ;--'1'1 Vi>< f.II.. I+~ 

J.,.)-~ C,.(.4; jIJ.(? .( r:J 1I l' £ / J; .. (r t:; E'J' c...v,:-';' f, D {/T_ gyperi ~ ~l.i 6 ~ ( 

v:e.ru (6-J lvtcllr.."a~ f-e~.h-hll;·f; o'-{! AVL '11'1((,.9 ~4,"-&(Ff,-cf) 

6" SifVtp.t.rf BP'? .rYI"{.e""" \"y'i&C" u/~t/"(/kI'7; ·GIr(:"iAril1i'~·/,,~~.r 
'I 

." 

-f{) lMo·vT&<..2 vetlie:. (~.[ r,yf,.d,'t {VI -(;ttrV! y~ (1'0 J~ ~ eClr~ ;"" f 
p~ f Jt2 " &0 c:..~ ty ~ ( S" bt-)- ~5(' c..~~v CIV\ c-. z,.t.r ,."" ~ ~I ... 

Organization 1+.--I.f4+t?..!.t..:...;.....:'€:.;::J_..!..R---=u::...e=~::!..r..:::.c;..:;.~!--.L&~~.!...r!::.cJ....::c::.!(....::: f>::...:..:te:::::J:....,,· --.-.!::p:t:::.::vt.~c.:.::J~ __ 

p,.. 0.1 a{/ X l 3 'f lJotrc ~~ fer: {l(J.'(f~ (J-"J- (;) S-Address 

Phone \:.-'~_J'--__ d-_~_.f_'_-_.?_9_?_S-_____ Signature )j 1V~ 
~/tt'/7 :3 
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FTU PROTOTIPE PROXll>1I1Y SYSTEM DESIGN AND 
MAINTENANCE INFOm4ATION 
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LIST OF SYMBOLS 

Ampere 

Milliampere (10-3 A) 

Alternating Current 

Amplitude Modulated 

Binary Coded Decimal 

Capacitor 

Diode 

Direct Current 

Exponential 

Farad 

Microfarad (10-6 f) 

Picofarad (10-12 :f:) 

Current 

Identification 

Relay 

Coil 

Natural Logarithm 

Nonna1ly Closed 

Nonnally Open 

Power 

Transistor 

Root-Mean-Square 

Resistor 
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, 

S 

R 

t 

w 

z 

Jl­

kil. 

M.{l 

Solenoid 

Trans fanner 

Time (in seconds) 

Time Interval 

Voltage (volts) 

Base Voltage 

Base-Emitter Voltage 

Collector-Emitter Voltage 

Voltage Source 

Variable Resistor 

Angular Frequency 

Impedance (ohms) 

ohm (unit of resistance) 

Kilohm (103 ohms) 

Megohm (106 ohms) 
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THE ENCOHBR-TRANSMITTER POWER SUPPLY 

The power requir6nents of the encoder-transmitter units are fairly 

flexible. The devices will function acceptibly at supply voltages rang­

ing between nine and fifteen volts DC and only provide a current drain 

of approximately sixty milliamperes. In order to insure that the trans­

mitter's output levels are relatively constant, some form of voltage 

regulation of the power supplies I output is required. A simple circuit 

to achieve this is shown in Figure 49. 

This circuit provides zener-diode regulation of the output voltage 

to insure its stability at a level of twelve volts DC. The voltage 

supplied to' the regulator circuit is provided by a capacitively-filtered 

full-wave rectifier arrangement connected to the secondary winding of 

a power transformer, as shown. The analysis and design of this type 

of circuit is straig~t forward. 

It has already been established that the output voltage provided 

by the supply will be uvelvG ¥olts DC. It is also known that the 

encoder-transmitters require a current of sixty milliamperes. The 

power supply, then, will see an effective impedance across its output 

terminh,ls of 

z = V 
o 0 

I 
o 

= 200 ohms (1) 
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.. 
The selection of a zener-diode for the regulator circuit is also 

aided by knowledge of the current drain at the ,?utput. It can be esti­

mated that the current sink for good regulation provided by the zener­

diode, assuming negligible supply or load variation, need only be a 

few milliamperes. From this, the diode's power rating can be computed. 

p = V I = V I = 120 milliwatts (2) z Z Z 0 Z 

Knowing this, the zener-diode selected for use in the circuit was 

a IN963, which is capable of dissipating four-hundred milliwatts of 

power and will provide a constant 9utput of twelve volts DC when its 

sink current is 10.5 milliamperes. At this given sink current the 

forward resistance of the diode is specified as 11.5 ohms. This 

resistance causes a small additional voltage drop across the diode, 

the value of 'which is 

(3) 

Since this value is small compared to that of tile specified zener 

voltage, it will be neglected In the remaining calculations. 
Resistor Rl performs the function of dropping any additional 

voltage developed by the rectifier circuit that is above the twelve 

volt output level. In order to determine its value, the, the filtered 

output voltage of the rectifiers must be known. 

The power transformer used is rated at a 25.2 volts AC center-tapped 

secondary voltage with a current drain of one ampere. It would be 

expected, the, that the anode of each rectifier would be supplied 12.6 

volts AC with the transformer's center-tap grounded. This would indeed 

be the case of the current required by an encoder-transmitter were one 

ampere. Since its current drain is much less than this, however, 
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furtiler consideration must be given tile problem. 

A transformer's performance is limited by a number of internal 

losses that grow more prominent at higher power output levels. It can 

th~refore be expected that a transformer's output voltap9 will be 

slightly higher at low current drains tilan at high current drains. By 

placing a load across the secondary of this particular transformer 

which was similar to that provided by an encoder-transmitter unit and 

regulator circuit, it was found that the actual measured output of the 

transformer was fifteen volts AC with respect to its grounded center­

tap. Using this voltage, then, the value's~ of the rest of the components 

of the circuit may be computed. 

If the small fOTIiard voltage drops across the rectifiers are 

neglected, it is seen that tile voltage applied to the filter capacitor 

will be a full-wave rectified sine wave whose period is 1/120 second 

and whose RMS value is fifteen volts AC. From this the peak voltage 

can be computed as 

(4) 

This voltage, applied to a capacitor with no additional load, 

would provide a filtered output of 21 volts DC. With a load, however, 

the capacitor will discharge somewllat during the time interval between 

the peaks of the rectified sine wave, the extent of the discharge being 

related to the impedance of the load and the capacitance of the 

capacitor by the equation 

V = V e-t/ZLC volts 
p 

.. 
(5) 
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where V is the voltage after a time interval of t seconds, ZL is the 

load impedance and C is the capacitance of the capacitor. 

From this equation it can be seen that if the product of ZL and 

C is much greater than the value of t, the magnitude of V will be 

comparable to that of V
p

' and little discharg~ of C will occur. In the 

given circuit, 

ZL = Vo ---- 121 ohms (6) 

(I + I ) 
.0 z 

It is also known that the period of the rectified sine wave is 1/120 
o 

second; therefore, the value of t can not be greater than 1/120 second, 

which is the time interval between two successive voltage peaks. 

Assuming that if the product of ZL and C is at least ten times the 

value of t it can be said that 
(7) 

and it is found that 

ZL C '710 (1/120) seconds 

Solving for C yields 

C ~10(1/120)(1/12l) farads (8) 

or, 

C r:::: 690 microfarads 

The value of C used in the circuit was 1000 microfarads, so it 

can be assumed that the average DC voltage across the capacitor will 

be fairly close to tile peak value of 21 volts. 

The value of Rl' then, will si1nply be 

Rl = (VP - V 0) / II (9) 
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or, 

Rl~130 ohms 

The power supplies constructed using ~le component values con~uted 

here performed as expected, and provided fairly well regulated DC volt­

ages of slightly greater tilan twelve volts DC to the encoder-transmitters. 

It should be noted here thatt:he use of the multitude of approximations 

in the preceding calculations \~s directly due to the fact that the 

power demands of tile encoder-transmitter units are quite flexible and 

any power supplies that approximate these demands could be used. 
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THE DISPLAY UNIT POWER SUPPLY 

The power supply requirements of the map curcui try are much more 

rigid than those of the encoder-transmitter devices, and hence a more 

elaborate form of power supply regulation is required. In order to 

eatablish just what these requirements are, some characteristics of 

the map curcuitry must be examined. 

The control circuitry of the map is comprised to TTL integrated­

circuit logic devices. The supply v.oltages required by some of these 

can be set between 4.50 and 5.50 volts DC, but others require devices 

a voltage closer to the five volt level, ty~ically between 4.75 and 

5.25 volts DC. It would therefore be logical to fix the pmver supply 

voltage as close to a constant 5 volts DC level as·possible. 

It is also necessary to remove any ripple or fluctuations in the 

output voltage of the supply. This is a consequence of the sensitivity 

of the devices used, since voltage fluctuations may be interpreted 

by these devices to be a presentation of data that would alter the 

logical sequence of their operations. For suitable operation of the 

map, this simply can not be allowed. 

The last thing that must be known is the total current that will 

be required by the map circuitry. This is not too difficult to deter­

mille since the specification sheets of the devices used sta.te both the 

typical and maximum supply currents required by the devices in normal 

operation. A slll1lJlla.tion of these individual currents indicates that 

the total map current will not be greater than approximately 1.1 

amperes ruld will most probably be closer to a typical value of 657 
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milliamperes than to the maximum value of 1.1 amperes. Armed with 

this knowledge, the power supply can be designed, and its diagram is 

shown in Fig. 50. 

The secondary winding of the power transformer selected is rated 

at 12.6 volts AC center-trapped. with a current drain of 2.0 amperes. 

The actual output voltage with a load approximately equal to that 

presented by the map was 7 volts RMS AC, the peak value of which is 

close to 10 volts. If adequate filtering is provided, the 0utput to 

the voltage regulator section will be close to 10 volts DC. Before 

a value for Cl can be calculated, however, the requirements of the 

voltage regulator must be determined. 

To simplify construction of this power supply and at the same time 

insure a stable, low noise output voltage, a Signetics IMl09 regulator 

circuit was obtained. Some of the specifications are listed in the 

manufacturer's description of the device, as follows. 

The LMl09 awl LM209 are complete 5V regulators fabricated 
on a single silicon chip, They are designed for local regulation 
on digital logic cards, eliminating the distribut~on problems. 
associated with single-point regulation. The deVlces are avallable 
in two common transistor packages. In the solid-kovar TO-5 header, 
it can deliver output currents in excess of 200 rnA! if adequate. 
heat sinking is provided. With the TO-3 power package, the avall­
able output current is greater than lAo 

The regulators are essentially blow-out proof. Current 
limiting is included to limit the peak output current to a safe 
value. In addition, thermal shutdown is provided to keep the 
IC from overheating. If internal dissipation becomes too great, 
the regulator will shut do"~ to prevent excessive heating. (1) 

The output voltage of this device is specified as being between 

4.7 and 5.3 volts DC, these values being the limits for the worst 

possible operation of the device. Since it is assumed tilat the regu­

lator will be used witilin the range of its normal operating conditions, 
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it may be further assumed that the device'S output will be very near 

its typical value of 5.05 volts DC for inputs ranging between 7 and 

25 volts DC. The quiescent current of the device will never exceed 

a value of 10 milliamperes and the output current is limited to a 

value slightly greater than one ompere, which makes it more than 

acceptible for use in this power sl~ply circuit. (1) 

The typical level of output noise for t.'lJ.is device is specified 

as 40 microvolts for frequencies ranging between 10 hertz and 100 kilo­

hertz. This level is sufficiently small so that it will never be 

interpreted as data by any of the TI'L chips used in the map's logic 

circuitry. (1) 

The '~alue of the filter capacitor, Cl , may be determined using 

the parameters of the LM109 regulator circuit. Assuming that the 

regulator module is fairly effecient ,device, the current drain at 

its input should be very similar to the sum of its output current and 

quiescent current, or, 

(1) 

To determine the minimum value of Cl the maximum output current 

drain must be used. This results in an input current of 

I~(l.l + O~Ol) amperes, 

or, 

lra.ll amperes. 

For ease of calculation and because it is expected that the cur-

rent required by the map will never actually reach a value of 1.1 

amperes, this can be rouned off so that 

i, 
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I 1 :~ 1 aJl1pere. 

This represents a lQad across Cl of 

(2) 

or, 

Zl~ (10/1) ohms ~lO ohms 

In order to insure proper operation on the regulator, the input 

voltage may not be allmved to drop below 7 volts DC. To under-rate 

this power supply, it is assumed that the voltage input to the regu­

lator will not be allowed to drop belmv 9 volts DC. The input wave­

form to the regulator, then, will resemble that of Fig. 51. 

The amount of discharge per given length of time t is 

(3) 

or, taking the In of each side, 

(4) 

The only undetermined quantities in this equation are t and Cl · 

So, in order to establish a value for C1, t must be determined. Con­

sidering one peak of the original sine wave of Fig. 5l,it is seen 

that 

(5) 

where 

w = 2rtf =1201frad/sec. (6) 
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Subtituting the desired results into this yeilds 

or, 

and, 

sinwt = Vl/V = 9/10 = 0.9, P . 

wt2 = 0.356l1radians 

t2 = 0.003 seconds. 
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Therefore it takes 0.003 seconds for the original sine l~ave to 

go from zero to nine volts. The discharge time of Cl will be equal to 

the time it takes for the restified sine wave to drop from 10 volts 

to ground potential and rise back to nine volts, or 

(7) 

Where tl is simply equal to the time required for the original sine 

wave to complete one-fourth of a cycle, or 

tl=1/~(1/f)=1/4(1/60)=1/240 0.004 seconds. 

Therefore, . 

t ~O. 007 seconds. 

Substituting this value into equation (4) yields 

In(9/l0}~: -0.007 /IOCl , 

or, 

Cl~6,670 microfarads 

-- -- - _. 
>-.~~--~-.-- -_. 
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In the actual circuit a value of 10,000 microfarads was used and 

the output of the voltage regulator held constant at a level very 

close to 5 volts DC with the map circuitry in full operation. As a 

safety feature, the input to the power transformer was fused. The 

maximum current in the prima~ of the transformer may be determined 

to be 

(8) 

where V is the secondary voltage, I is the maximum current in the s· s 

secondary, and V is the primary voltage. Thus, 
p 

I =(7.0)(1)/117 ampere~60 milliamperes p 

and the fuse used had a current rating of 0.1 ampere. 



r 
1 
\ , 

!I 

,. 
l 

'.' i , 

< 

198 

THE VISUAL DISPLAY UNIT 

The most complex of the devices used in this project is the 

visual display unit (VDU) , which performs a number of simultaneous 

functions in the process of converting data presented to it into a 

humanly-comprehensible visual-information display. Thanks to modern 

solid-state technology and D1e advent of integrated circuits, however, 

the design and construction of such a device is not as formidable 

as it might first appear. A basic working knowledge of the oper~tion 

of TTL integrated-circuits and an examination of the configuration 

of the circuits used is needed to understand the operation of the 

VDU. The circuitry involved is shmm in Figures 52-55 and will be 

discussed here in some detail. 

The data input to the VDU, as has been previously mentioned, 

consists of high or low impedance levels on ten separate intersection 

lines and b~o separate car lines. The normal levels of the inter­

section lines are high,. while the normal levels of the car lines are 

low, and it is desired to convert the information they carry when not 

in these states into a form compatible with the operation of t}~ VDU's 

circuitry. 

To facilitate the design of this system, it would be helpful to 

reduce the number of data lines. And, since there are only two car 

lines as opposed to ten intersection lines, the logical procedure would 
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be to leave the car lines as they are and find some way to reduce the 

numbe~ of intersection lines. An easy way to accomplish this is to 

encode the data: on the intersection lines into a binary code, as shown 

by Table 1. 

TABLE 1 

LINE NUMBER REDUCTION CODES 

Input Intersection Levels Output Levels 
Lines 
Active 1 2 3 4 5 6 7 8 9 10 abc d 

..... 1 1 1 1 1 111 1 1 1 1 1 1 
1 all 1 1 1 1 1 1 1 111 a 
2 1 a 1 1 1 1 1 1 1 1 1 1 0 1 
3 1 1 0 1 1 1 1 1 1 1 1 1 0 0 
4 11101 1 1 111 1 011 
5 11110 1 III 1 101 0 
6 III 1 1 011 1 1 1 0 0 1 
7 1 1 1 1 1 1 0 1 1 1 1 0 0 0 • 
8 1 1 1 111 1 011 011 1 
9 III 1 1 1 1 1 0 1 011 0 ..L 

10 1 1 1 1 1 1 1 1 1 0 o 1 0 1 

As can be seen from Table 1, each intersection has been given a 

number that can nm., be used to identify that particular intersection. 

The intersection numbers range from one to ten and, from Boolean 

Algebra, it is known that anyone of these numbers can be represented 

by a four-bit binary code. In this case, since the line levels are 

normally characterized by a high impedance, the non-active lines will 

be represented by l's, while lines carrying information will be 

represented by O's. Thus, if a 0 appears on intersection line 5 the 

output code (with the 1east-significant-digit at the right) will be 

1010, while a 0 on line 7 will provide the output code 1000, and so ori. 
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A physical means of converting the ten inputs to four outputs 

in the coded form indicated is required. This is accomplished through 

the use of the diode encoding rna trix of Figure 52. 

This matrix can be designed directly from the information pr.esented 
~ 

in Table 1 if the D's are interpreted as shorts to ground and the l's 

are interpreted as open lines. Then Table 1 indicates that if an 

input line is shorted to ground, its corresponding output lines must 

also be shorted to ground. This can be accomplished by placing diodes 

beu~een the input lines and their corresponding output lines, as shown. 

Thus, if a 0 appears under a certain input line in the table, the output 

lines in that same row represented by D's must be connected to the 

input lines through the diodes. If this is done systemmatica11y, the 

diode matrix of Figure 52 will be obtained. 

It should be noted here that thus far a zero level on a data line 

has represented significant information. Unfortunately, the logic 

circuitry used in the bUlK of the VDU requires that high levels be 

used to represent significant data. This means that the information 

on the output lines of the diode ::Hatrix must be inverted. This is 

accomplished simply by feeding each line into both inputs of four 

separate ~and-gates. Since the output of each gdte is the inverse 

of its inputs when both inputs are the same, their outputs represent 

data which is compatible ,~lth the rest of the VDU circuitry. 

The inverted output lines of tile diode matrix are connected 

directly to the parra11eled inputs of the two quadruple bistable 

latches that serve as the system I s memory unit. The operation of these 
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latches is outlined in the manufacturer's description of the devices. 

The N7475 is a nomolithic, qu.';a,druple bistable latch with 
complementary Q and Q outputs. Information present at a data 
(D) input is transferred to the Q output when the clock is high, 
and the Q output will follow the data input as long as the clock 
remains high. When the clock goes low, the information (that was 
present at the data input at the time tJle transition occurred) is 
ret.1-ined at the Q output until the clock is pernii tted to go high. (2) 

Thus if one car data line is connected to each latch package's clock 

input, a pulse on a particular car line will enable that package to 

store the four bits of infol1nation present at its inputs. This 

information will then be present at the Q outputs of the package 

until the next clock pulse occurs. 

The next section of the VDU' s circuitry performs the function 

of multiplexing the infol1Tlation at the outputs of the tw"o memory 

packages so that it can be alterna~ely displayed on the map. This 
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is done through the use of tw"o dual four-line-to-one-line data selector/ 

miltiplexer packages. Each multiplexer is a device that has four 

inputs and one output plus two additional lines, the data on which 

determines which input will be made available at the output. The 

internal configuration of a multiplexer package is shown in Figure 56 

along with a truth table describing its operation. (5) 

To achieve the desired results, the <?ut1Jut lines from the car A 

memory were fed into the devices' CO inputs while the output lines 

from the car B memory were fed into the Cl inputs. From the truth 

table it can be seen that if the devices' B select lines are tied to 

ground, a pulse train of alternating high and low levels at the 

A seleect lines will cause the CO and Cl inputs to alternately appear 
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Figure 56: Multiplexer Configuration and Truth Table 
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at the devices' outputs. This is the desired result, and all that 

is necessary to achieve it is to provide a pulse train as specified 

to the A select lines. The pulse generator will be discussed later; 

right now, however, it might be interesting to notice how the fla~1ing 

function, also a part of the multiplexing section, is performed. 

From the truth table of the multiplexers it can be seen that the 

strobe input must be at a low, or ground, level or the outputs will 

all be low rather than identical to the selected data inputs. Suppose 

that the strobe inputs are connected to the data output of another 

multiplexer whose CO and Cl inputs can either be sW,itched to ground 

level or to a pulse train of alternating high and low levels. This 

multiplexer must also have its A select line connected to the clock 

that drives the other devices' A select lines, so that its output will 

be synchronized with theirs. Then, if bO~1 its CO and Cl lines are 

switched to ground, the devices output will be a continuous low-level, 

enabling the information multiplexers to function continuously. If, 

however, one or both inputs are switched to a line carrying a pulse 

train, the device's output will al terw,te between high and low levels, 

which will, in turn, cause the outputs of the information multiplexers 

to drop from their normal data levels to a low level, which represents 

a zero output for that device. Thus, if the CO line were tied to 

the pulse train line, the multiplexers would output their CO data 

while the pulse is at zero level, but when it goes to a high level, 

the devices' outputs would be zero. It can be seen, then, that if the 

driving pulse train is very slow, say in the ~eighborhood of one pulse 
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per second, the outputs will flash at a rate that will be noticable 

when the information is displayed on the map. 

The next important section of the VDU's circuitry is that which 

decodes the information on the four multiplexer output lines and 

transforms it back to a single low level on one of ten separate output 

lines. The devices that perform this function are called four-line­

to-sixteen-line decoder/demultiplexers, and it is necessary to have 

three of these, one for each digit of the cars' identification numbers, 

in the circuit. 

The operation of these devices is very simple. Each package has 

four inputs, so the four lines from the multiplexer section are para­

lleled into each of the three packages. The output of each package, 

~en, will be a low level on one of ten lines corresponding to the 

coded information presented to tile device's inputs. Since all pack­

ages have the same. input information, 1=hey will have low levels on 

tile same output lines. Corresponding output lines from each package 

go to each of the three digits at each intersection on the map. Thus, 

the original intersection location information has been routed to the 

proper location on the Orlando area map. 

At the intersection locations the three leads from the decoders 

are connected to the three cathodes of the three-digit seven-segment 

LED readouts. These readouts are manufactured by Hewlett-Packard 

and are specified as the 5082-7402 series, which are 0.11 inch high, 

seven-segme~t Gallium-Arsenide-Phosphorous readout devices. (3) 

These devices have three cathode connections, one for each digit, 

and seven data lines that are connnon to each digit. Therefore, if it 
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is desired to display three different digits on the devices, they must 

be multiplexed in such a way that the cathodes are sequentially dropped 

to ground level so that only one cathode may be grounded at a time. 

Also, the information present on, the seven data lines Jnust be changed 

each time a cathode is grounded. If this is done rapidly enough, 

the visual effect will be that three different digits a.re being 

displayed simultaneously. 

The accomplishment of this process is fairly simple. Each of the 

three decoder/deInUltiplexer devices has a pair of inputs which, when 

presented with a high level, will cause all i ts ~utputs to go to a 

high state. Therefore, if these inputs of only O]le decoder at a time 

are grounded, only that decoder will function and output a low level 

on one of its data lines. By sequentially causing tilis condition for 

each decoder, the result will be that the three LED cathodes at a 

particular intersection will be consecutively grounded, allowing the 

input data to be displayed separately for each digit. This is accom-

h 1 t . s to the three decoders, plished by applying three sync rous pu se raln 

tile time sequences of which are shown in Figure 57 . The means of 

generating these pulses will be discussed later, along with the clock 

circuitry. 

It is now necessary to examine the circuitry that presents data 

th LED d t The basic unit involved to the seven input lines of e rea ou s. 

consists of three N7447 seven-segment decoder/driver integrated­

circuits. These devices have four data inputs which receive bina:ty 

coded information in 11igh level significant form and convert it to 



210 

IDC-II II II II II [~--

I I 

-r--------------~------~I.---------_7; 

i; 
(-------------------~----____ _L ____________ ~~--

Figure 57: Pulse Trains: A) N74l23 output, B) clock waveform, 
C) ,lecoder/demultiplexer enabling wavefoTInS, D) decoder/driver 
blanking waveforms. 

____ "":'*'~,.=== .. = __ .='" •. ==,"1j.~.;.:~~» .4Jt .••• = ... =-.--.~_",_",,_~ ....... ~ ......... <-. 

211 

a code on their seven output lines tilat causes a seven segment LED 

readout to display the arabic numerals 0 through 9. Also of impor­

tance to the operation of these units are their blanking inputs which, 

when a low level is applied, allow all the outputs to rise to a high 

state. It should also be noted here that these units have open­

collector outputs, which means that the output lines must be 

connected to the positive voltage source through some value of limiting 

resistor before any data can be output. This restriction will be 

shown to be quite useful very shortly. (5) 

The N7447 presents output data in low level significant fonn. 

Since, however, the LED readouts can only accept high level significant 

data, its outputs must be inverted. l1Ais is accomplished as shown 

in Figure 54. 

The resistors shown are used to limit the current through each 

of the LED segments. If not for these resistors, the readouts would 

burn out quickly, since they have a very low fonvard resistance. 

The values of the resistors are detennined by the maximum amount of 

current tilat the LED's will be allowed to conduct for the applied 

logic voltage of five volts DC. The resistances, then, were found 

to be 

R = V/ITIk~ = 5/(5xlO-3) ohms = 1 kilohm. (1) 

The method used to provide three different sets of data to the 

inputs of the LED's is a direct consequence of the fact that the 

decoder/drivers are open-collector devices. Realizing this, it is 

possible to parallel the outputs of the three units, if sufficient· 
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current limiting is provided by the collector resistors, as S110wn in 

Figure S4. The values of these resistors is detennined by considering 

the current drain of each output of tile decoder/drivers and the supply 

voltage. Or, 

R = V/Id = S/(15xlO-3) ohms = 333 ohms. (2) 

Now, if each of tile three decoder/drivers has ,information at its 

input representing a different number, and DvO out of three of the 

devices are blandked at any given time, each of the three digits may 

be separately displayed. Since the devices require low level blanking 

signals, a set of three pulse trains like those shown in Figure 11 will 

produce the desired results. It should be noted that the pulse that 

brings each digit out of blanking occurs at the same time as the pulse 

that causes the intersection selection li~e for that same digit to 

drop to a ground state, but that the pulses are the inverse of each 

other. Therefore, these pu1sos can be provided by inverting tile out­

puts of the pulse generator that provides the pulses for the inter­

section decoder/demultiplexers. This will be discussed more fully 

later. 

Asslming, for the moment, that a black box is available to pro­

vide the necessary pulses for proper operation of the system, a method 

of differentiating between the nwnbers that identify car A arid car B 

remains to be detennined. This allows them to be alternately dis­

played. It is obvious that since only t1rree decoder/drivers are being 

used, and are shared by both cars A and B, the,infonnation present at 

their inputs nrust be altered depending upon ~lether car A or car B is 

--- --- ---
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being displayed. In this particular case this is easy to achieve since 

each car number only differs in the third digit. TIle first digit, 

as previously mentioned, is the shift digit, either a 1, or 2, or a 

3. A simple switching arrangement, as shm'ffi in Figure S4 can be used to 

change these numbers. The second digit in each car number will be a 

3, which is represented in four-bit binary-code as 0011, with the l's 

representing high levels and the O's, representing low levels, the 

least-significant-digit again being at the right. By connecting the 

correct inputs to either ground or Vcc ' tilis number can be perma­

nently supplied to the decoder./driver. 

In the case of the third digit, aither a S, represented by 0101, 

or a 6, represented by OllQ~ must be displayed. It is seen that the 

last two data bits are the same for each number, so they can be con-

nected to Vcc and ground permanently. The first D~O digits must be 

changed. however, depending on which car number is being displayed. 

Therefore, when car A is being displayed, the first data bit must be 

a high level and when car B is being displayed it must be a low level. 

This can be accomplished by tying this input line directly to that 

which carries the clock pulses, since the clock line is high when car 

A b displayed and low when car B is displayed. The second data input 

bit must be low w11en car A is displayed and high when car B is dis­

played. This is the inverse of the clock pulse train, and is also 

available from the black box pulse generator. Thus, tile numbers for 

car A and car B can be a1terna~ely displayed, as desired. 

This completes the description of tile logic circuitry that oper-
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ates on the data presented to the inputs of the VDU. It should be 

noted that many of the important parameters of the individual devices 

used, such as fan in, fan out, rise time, and so on, have been neglec­

ted. This can be done by assuming that the devices will always be op­

erated within the limits of their restricting conditions, since the 

most important information needed here was that concerning the most 

'important information needed here was that concerning the actual op­

erations of t11e devices. It is necessary now to examine the unit 

that provides t1Ie sequences of pulse trains required by the map cir­

cuitry, and the discussion of the VDU will be complete. 

TIle basic sequence of operations tha.t enables the pulse generator 

'to create the necessary pulse· trains is C01'1posed of three different 

but related steps. First, an impulse ger.erator provides a series 

of equally spaced pulses, as shown in Figure 57. Next, these 

pulses are input to a JK flip-flop that converts them to a square 

wave whose period is equal to two of the individual pulse peridos. 

This square wave is, as has been previously mentioned, the clock signal 

that differentiates between cars A and B, and will be coupled to a 

synchronous divide-by-three network which provides the pulse trains 

required by the decoder/drivers and decoder/demultiplexers. 

The impulse generator was constructed from an N74123 retriggerable 

monostable multivibrator, as shmvn by Figure55. When this device 

is connected as shmvn, the values selected for RI and CI detennine 

the time interval between the spikes in its output wave form. The 

equation for t11is time interval is given. by the manufacturer as 
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(3) 

where 0.32 and 0.7 are constants evaluated specifically for the N74123 

integrated-circuit. (5) 

It can be seen that for any large value of RI , this '<lill be 

approximately 

(4) 

so that if the period of the clock waveform is to be one millisecond, 

tw = (lXlO-3)/2 = 0.5 millisecond 

and, selecting Cl as one microfarad, 

RI = t~0.32CI = 1.56 kilohms (5) 

The functioning of t1Ie multivibrator itself can be seen by examining 

its configuration, also shown in Figure 55. Essentially, it is no more 

than a flip-flop driven by an AND-gate such that when the AND-gate 

receives two high signals t~e flip-flop will have a logical I at its 

Q output. It will remain in this state for the length of time.t
w

' 

and will then change state so that the logical I appears at the q line, 

~e Q line, however, is coupled back to one of the AND-gate's inputs, 

the other input being tied to ground through an inverter so that it 

always maintains a high level. Therefore, when the I appears at Q, 

the AND-gate causes the flip-flop to return to its original state, 

for which the I appears at Q, with the result that the Q line stays 

in the logical 1 state for a very short perio~ of time. Thus the 

impulse spike has bee produced, and the continuation of the process 

will result in the impulse train shown in Figure 57. 

---------·-----'--~'---~.""""M .... -----~-~-_... ... ___ '"f_'._,.~i><_J.."......... _ _";. __ _ 
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The conversion of this impulse train to the clock pulse train 

is quite simple and only requires the use of one JKflip-flop. The 

operation of the JK flip-flop is such that when its J and K inputs 

are tied to ground its output state will change each time the clock 

signal input to the device goes from a high leve1 to a low level. 

Thus, if the Q output is high when one impulse appears it will go 

to a low level and remain there until the next impulse occurs, at 

which time it will return to a high level. This causes the clock 

pulse train, also shown in Figure 57. 

The remaining circuitry of Figure 55, composed of two flip-flops 

and n~o }~VID-gates, performs the function of producing tho three 

synchl'onous pulse trains required by the decoder/drivers.' The inverse 

of these signals, required by the decoder/demultiplexers~ is also 

produced by this circuitry. 

The design of this network can be derived from a knowledge of the 

demands tha·t will be placed on it. First, it must have three separate 

and distinct sequential outputs. Realizing this, it can be seen 

that only two flip-flops will be required since each flip-flop has 

two such outputs and some combination of these outputs can be used to 

produce the desired three outputs. In this particular case it is assl:nned 

that one output will occur when both Q states are high, another when 

Ql is low and Q2 is high. This is shown in Table 2 in relation to the 

clock pulses that will cause the state changes. 

. 
I 

" 

TABLE 2 

FLIP-FLOP OUTPUT STA1r.S 

.l Clock Pulses 

I Befo:ce First Pulse I After First l>Ulse 

L
After Second Pulse 
After TIlird Pulse 

--;;-l~ ql Q2 -
___ .-L ___ _ 

o 0 1 1 
1 () 0 1 
o 1 1 0 I 
DOl I 
,-----II---__ J 
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Since the required sequence of outputs is now knm-m., u~ey C8.n 

be made to occur by causing the J and K inputs of the tl\o flip-flops 

to be iii the correct states at the time each clock pulse occur's. 

These states are detcnnined from the fl1,p-flop I s truth table, designated 

as Table 3! 

TABLE 3 

IJK FLIP-FLOP TRU'1rI'TABLE 

---r-¥"'-l n n . 

J K Q 

0 0 Qn 
0 1 1 
1 0 0 
1 I 

L~_ '----

Examination of t.'his· table a,110l':S the construction of another 

table, Table 4, which shows the J and K input conditions at the tjJn3 

of each cIoek pulse necessary to obtain the proper outputs after the 
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clock pulses. From this table it can be seen that the K inputs 

must always maintain a zero level; therefore, they will be connected 

directly to ground. The J inputs, however, must be changed sequentially 

with each clock pulse. 

TABLE 4 

.~QUIRED JK INPUTS 

Pulse At T.i.me t Inputs At t 

I---
Sequence J l JZ Kl KZ 

First pulse 0 1 0 0 
Second pulse 1 0 0 a 
Third pulse 0 0 0 a 

-

At the time of the firs: clock pulse it will be assumed that 

Q
1 

and Q
2 

are both at zero level. After the pulse, the required output 

comditions of Ql ar:d Q2, are 1 and 0 respectiv~~ly. 

J
l 

must be at a zero level and J 2 at a high level. 

To accomplish this 

Since the levels 

of QZ and Ql meet these requirements at the time of the pulse, J l 

and J
2 

will be tied to them as shown. A continuation of this process 

shows that ~lese uvo connections are all that is necessary to meet 

the requirements placed on the circuit. Thus, the Q output of tile 

first flip-flop will provide one output line, that of the second 

flip-flop will provide another, and an AND operation on Ql' and QZ 

provides the third. Since the Q outputs are the inverse of the Q outputs, 

the pulse tr~ins required by the decoder/denlultiplexers can be obtained 

directly from this circuit, as shown. 

-~~.~ .. ~. ='_ ..... - •• -.. -•• -
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THE CAR UNIT 

The radio relay unit mounted in the patrol car is the connecting 

link between the intersections and the radio dispatch room at police 

headquarters. As has been previously mentioned, it serves a double 

purpose. First, it receives the tones transmitted from the intersec-

tions and re-transmits them back to the police station. Secondly, it 

generates and transmits a tone that identifies the mobile unit in 

which the device is mounted. 

Before actually designing the circuitry to accomplish these 

objectives, it is necessary to take a close look at the restrictions 

that will govern its operation. First of all, the control circuitry 

constructed must be compatible with that of the commercially made 

devices already obtained for use in the project. These devices, listed 

again heTe for convenience, are the Pace receiver, the tone encoder, 

and the police channel-four hand-transmitter. It is desired, then, 

that the circuitry designed will in no way alter the normal operation 

of these devices. 

In order to avoid unnecessarily long interruptions of the traffic 

on channel'four, it is a.lso required tha.t the radio relay unit's trans-

mission time be kept wi thin a time interval. of one to two seconds. 

This length of time will enable the transmitted data to be available 

at the decoders in the radio dispatch room long enough to ensure their 

.---.--------~---~ .. ~'=~'----
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proper operation but will not seriously hamper communications on police 

channel four. 

It is also desired that the radio'relay'unit only transmit data 

once while the car is in the proximity of a particular intersection. 

This is primarily an extension of the restriction concerning the inter­

ruption of channel-four transmissions, but is also warranted by tile 

fact that the nmp circuitry only needs one signal from an intersection 

in order to establish a car's location and will store that location 

in memory until another signal is received. Therefore, another signal 

from tile same intersection may be considered useless information and 

need not be transmitted. 

Keeping all these restrictions in mind, it can be seen that a 

possible means of providing the desired functions would be to cause 

the presence of an intersection signal in the Pace receiver to trigger 

the tone generator and timing circuitry simultaneously. By this means 

both the intersection and car identification signals will be available 

to the hand transmitter at the same time, and will both be transmitted 

when the timing circuitry triggers the solenoid that actuates the 

press-to-ta.lk switch. The necessary circuitry can now be designed. 

The tone encoder, shown in Figure 58, has an internal relay that 

may be used to cause the device to begin oscillation; L1.US $ if some 

means is provided to actuate this relay when an intersection signal 

is received, the encoder will begin to function and continue until 

the signal is removed. An tlxamination of the Pace receiver's squelch 

circuitry, shown along with its pre-amplifier section in Figure 59, 

suggests a possible solution to the problem. (4) 
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The squelch section consists of Q6 ~d Q7 and receives a ~ignal 

from the receiver's IF amplifier when a transmission is received. This 

signaJ., applied to the base of Q6 by squelch control VR2' causes Q7 
to cease conduction, which caus~s the voltage at the emitter of Q8 
to drop from a squelched value of 6 volts DC to a non-squelched value 

of approx ima tel y 0 volts DC. Thus, the circuitry that triggers the 

encoder must provide an output to actuate the encoder's relay when its 

input is 0 volts DC. A simple circuit to accomplish this is shown in 

Figure 58. 

Terminal B is ti1e circuit's input and it is connected to the 

emitter of Q8 of the receiver's audio pre-amplifier section. When the 

input voltage is 6 volts DC Ql conducts heavily since it is biased in 

its saturation region, and thus, the base of Q2 is at approximately 

ground potential, a condition which prevents its conduction. This 

means no voltage ,vill appear across the encoder's actuation relay and 

the encoder will not function. When the ~nput at B drops to 0 volts 

DC, however, Ql ceases conduction and voltage appears at the base of 

Q2' TI1is causes Q2 to saturate and creates a path by which current 

may flow to ground througl1 the coil of the encoder relay, triggering 

the relay and causing the encoder to begin oscillation. 

Both transistors used in the circuit are 2N3904's, and the values 

of the necessary resistors may be determined hy examination of the 

transistors' .. saturation curves. These curves may be found in any 

good transistor reference book, and will not be shown in this paper. 

From the transistors' saturation characteristics it is found that 

they may successfully perform their switching functions for collector 
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currents ranging between one and one-hundred milliamperes. Thus, the 

value of Rl was chosen as 1.5 kiloruns. 

current of Ql can be determined to be 

Knowing this, the collector 

I ,..... V /R: cl""" cc 'c 

if V is negligible. Therefore, cc 
Icl :;:::. ~ZV /1. 5 kiloruns .t-::- 8 milliamperes 

(1) 

Knowing this, the saturation curves show that Ql will be saturated 

for base currents greater than approximately 0.2 milliamperes. There-

fore, neglecting the transistor'S base-emitter resistance, 

RZ L V. /Ib L 6V/2xI0-4 L 30 kilohms (2) ln . 

The value selected for tile circuit was 22 kilohms. 

It should be noted that, since this value is much greater than 

that of the emitter resi:;tor of Q8 in the Pace circuitry, the input of 

this circuit will not cause an appreciable change in the bias levels 

of the receiver circuitry, and will, theTefore, not alter its normal 

operation. 

To determine the value of R3, the resistance of the encoder relay's 

coil must be known. It was measured to be 500 ohms and it was also 

found that a minimum current of 10 milliamperes is required to trigger 

the relay. The saturated collector current of QZ to trigger the relay, 

tilen, must be greater than 10 milliamperes, and R3 can be found to be 

or, 

R3 + 500 L V /1 2 cc c 

R3 L l2/10xlO -3 - 500 

(3) 
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so that 

R3 L 700 ohms 

thus, R3 was chosen as 270 ohms. 

The actual collector current, then, will be 

Iczf::-Vcc / (R3 + 500)/;t~-12/0.770 milliamperes (4) 

or, 

Ic2 ~15.6 milliamperes 

From Q2's saturation characteristics, this requires a base current 

of 

1b2 -/ 0.5 milliamperes (5) 

or, 

(6) 

thus, 

R4 ~ (12/5)xl04 - O.2xl04 ohms 

and, 

R4 L 22 kilohms 

The actual value of R4 used, as shown in Figure 58, is 10 kilohms. 

The remaining circuitry of Figure 58, consisting of R5, R6, and 

Cl , is used to adjust the level of the audio output of the encoder 

and provides coupling beuveen the encoder's output and tlle base of 

the second audio pre-am~lifier tFansistor (Qg) of the Pace receiver. 

The values of these components were determined experimentally as those 

which provided the best tone, in both level and purity, at the output 

-
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of the receiver. A detailed derivation of their values is therefore 

unnecessary and will be omitted. 

It can also be seen from Figure 58 elat a connection ha~ been made 

to the contacts of ele encoder relay. This connection, leading to 

terminal A, provides 12 volts DC to the timing circuitry when the 

relay is activated. The timing circuitry is shovm in Figure 60. 

The operation of this circuit can be tmderstood without elaborating 

on the mathematical intricacies that describe its exact performance. 

The basic functional sequence is that when 12 volts DC, supplied by 

the contacts of the encoder relay, appears at input A, power 

transistor Q3 saturates and supplies approximately 12 volts DC to the 

rest of the circuitry. The major portion of the network is composed 

of two separate timing circuits that supply power to tw'O relays, one 

with normally-open and the other with normally--closed contacts. 

These contacts are connected in series with the coil of the 

mechanical solenoid that actuates the channel-four transmitter so 

that when no signal is applied at A there is no current path from V cc 
to grOlmd through the solenoid's coil. When A receives a 12 volt DC 

signal, however, the timing circuits begin to function. After the 

12 volts has been applied for approximately one and one-half seconds 

the normally-open contacts close ruld the solenoid is actuated. A 

short time later, the normally closed contacts open and the solenoid 

is released. The two relays will maintain this condition until the 

encoder relay deactivates (i.e., the car is no longer in the intersection), 

at which time they ".rill return to their normal conditions. 
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Brief ,::onsideration can now be, given to the conditions that 

CaUSe the delay times in the two relays. Since both time delay 

sections are essentially the same, it will only be necessary to 

one of the two, that consisting of Q4$QS' and Relay 1 (the coil 

examine 

is designated as L
l
). It should be noted, however, that the differences 

in the component values of the two sections arise from the fact that 

the current requirements to actuate the relays differ; hence, the 

biasing networks of the transistors will not be identical. The only 

other difference in the two circuits is that the second contains a 

variable resistor network composed of RIO and Rll · The combination 

of Rand C sets the minimum time delay for the normally closed 11 2 
relay. RIO' when added to Rll , allows a.djustment of the time interval 

between the actuations of Relay 1 and Relay 2, thus regulating the 

on-time of solenoid Sl' 

The operation of the timing circuit containing Q4' Qs' and Ll 

may now be examined.. From Figure 60 it can be seen that when Q3 begins 

to conduct due to a signal at A, C2 will start to charge through R8 

from its initial value of 0 volts DC towards the applied voltage of 

12 volts DC. As it charges, the base voltage of Q4 will rise and 
,"' 

cause an increase in Q4's collector c.urrent. This current, coupled 

to the base of QS through Rg, will cause an increase in Qs's collector 

current. l~en QS's collector current reaches the level required to 

trigger Relay l, the contacts of the relay will close and the time 

delay process will have reached completion. 

There are a number of difficulties that arise in attempting to 
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compute the actual time delay of this type of circuit,? most of which 

stern from the nonlinearities inherent in the circuit. First of all, 

it should be noted that, since the base voltage of Q4 is initially 

at a zero level, the transistor will not be operated \'lithin its linear 

region over the entire charging interval of Cz and, hence, the rela­

tionship between base voltage and collector current will not be linear. 

Secondly, this also implies that the input resistance will vary as the 

base voltage of Q4 increases, which means that the timing circuit will 

be bas~d on an RC form with a non-linearly varying value of R. At 

this point it would seem that the difficulties in calculating the 

required time delay might be insurmoul1table; however, if a number of 

assumptions are made, an approximate time dp.lay value may easily be 

computed. 

Consider first the part of the delay circui'l::;:y composed of QS 
and Ll . If it is assumed that the only important conditions on QS 
occur at the time the relay is activated, QS can be eliminated from 

the circuit. It is mown that the relay will actuate when the voltage 

across its coil reaches a value of 7 volts DC. This, then represents 

a collector current for QS of 

IcS = 45 milliamperes. 

It is also mown (by curve-tracer measurement) that QS will have 

a current gain factor (Beta) of 100. Therefore, 

Ib5 ,y.. IcS!(Beta) ,·( ... ··45 mA!lOO;'-J O.45xlO- 3 amperes 

Also, since Ic4 is identical to IbS it follows that Ic4 must be 0.45 

milliamperes. 
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Knowing the collector current of Q4 at relay actuation allows the 

part of tile network composed of Rg, QS and 11 to be replaced by a 

constant load in the emitter circuit of Q4' TIle total voltage drop 

across this load may be calculated as 

Vload = Ic4R9 + VbeS + VLl (8) 

or, 

Vload 
(O.4Sx10- 3) (3.9xl03) + 0.7 + 7 + 9.45 volts 

For actuation of Relay 1, the, the base voltage of Q4 must rise 

to a level of 

(9) 

or, 

Vb ~ 0.7 + 9.45 + 10.15 volts 

If it is now tacitly assumed that the input resistance at the 

base of Q4 is much greater than that of RS' the approximate time delay 

can be computed using the basic equation 

V = V (1 - e- t / RC) 
b cc (10) 

which may be rearranged for a direct solution of time as 

(11) 

Using the circuit values shown in Figure 60, the computed value 

for t may be found to be 2.34 seconds, which is relatively close to 

the actual value of the time delay which, by approximate measurement, 

\\'3.S found to be one and one-half seconds. 

The circuit described here could be greatly improved by making 

a ;minor change in its configuration. That is, the relay and its bypass 
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diode could be removed from the emitter circuit of QS and placed 

instead in its collector circuit, allowing QS's emitter to be connected 

directly to ground. This configuration would aleviate some of tile' 

computational problems mentioned in the previous model. For one 

thing, the input impedance at the base of QS \vould be extremely high, 

being approximately equal to 

R. 5 r,c.. (Beta)R., J.n ' '" 
(12) 

or, 

RinS ~ 100(3.9) kilohms ;~:,. 390 kilohms 

This value is sufficiently high that it may be justifiably neglected 

in any calculation of the circuit's RC time delay. 

Using this configuration would also reduce the voltage level at 

the base of Q4 required to actuate the relay. In that tile seven volts 

required for actuation would no longer be in QS's emitter circuit, the 

total base voltage on Q4 at that time would be 

Vb ~ 0.7 + 1. 75 + 0.7 volts .t::-2.14 volts 

This means that the base voltage required to trigger the relay 

would be reached during a fairly linear portion of CZ' S lo.,gal·ithmic 

charging curve. This fa,;~, when added to the previously mentioned 

increased input resistance, creates a considerably more accurate basis 

for calculation. of the circuit's time delay. 
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actuate the collector circuit relay (KZ)' the base of QZ will be 

supplied enough c:urrent to cause the transistor to saturate. It should 

be noted that, due to the time delay between the actuations of Kl 

and KZ' QZ saturates a short time after the car tone has actually 

reached the decoder. This means that by the time QZ saturates, the 

output of an intersection line should already be in its low impedance 

state. 

The saturation of QZ' then, supplies twelve volts DC to the net­

work composed of R3, CZ' Dl an~K3. At the instant this occurs Cz 
experiences a heavy charghin current, which supplies approximately 

twelve volts to the coil of K3, causing its actLlation. This opens 

its normally closed contacts and provides the desired high impedance 

level at the VDU 1 s input. As Cz continues to charge, however, the 

voltage across the coil of K3 will decrease until it drops below the 

level required to maintain actuation, at which poi~t its contacts 

will return to their normally closed state. When the decoder relay's 

contacts open again Cz will discharge through R3 and D1, assuring that 

the coil of K3 will not be re-energized by the discharge current and 

will maintain its de-energized state until another signal appears at 

the decoder's input. 

The mathematics involved in determining the component values of 

this circuit are quite similar to those used in the derivation of the 

component values of the car unit's timing circuitry, a.nd will not be 

repeated here. Instead, it need only be re-emphasized that tlining 

component val UeS chosen must allow the contacts (JI K3 to close 

\. 
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again before the llltersection decoder de-activates , else the 

information on the intersection line will be lost. 



I; ., 

I 

1 

236 

SYSTEM ADJUSTMENTS AND ALTERATIONS 

It would be unrealistic to assume that even the Jnost brilliantly 

conceived and acrefu11y designed system would prove operational on 

the occasion of its initial tria1. And thus it was that, in keeping 

with the laws of nature that seemingly govern such events, the 

Proximity Vehicle Locator System stubbornly resisted all- earli efforts 

to collect data substantial to prove the merit of the conception which 

ultimately gave it birth. An examination of the system's problems 

revealed that none seemed insurmountable; in fact, no major design. 

alterations were indicated, and the solution of each problem led the 

system closer to the level of performance expected of it. The 

following material, then, deals with a ntunber of the problems that 

have been, or should be, eliminated from the system. 

Problems at the Intersections 

The mounting of the transmitters in the traffic control boxes 

gave rise to no unusual difficulties other than in one instance, when 

the traffic engineer assigned the task chose the ·wrong power source, 

with the result that the transmitter at that intersection ceased 

transmission when the amber caution light was on. This condition, 

however, was easily remedied. 

The most prevalent problems at the intersections resulted from 

the insufficient output levels of a number of the transmitters. In 

'>.: •... ,. 
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the more extreme cases a car passing through the intersection on the 

side where the control box was located could pick up the transmitter's 

signal only if his receiver was lightly squelched, and passing through 

from the opposite direction the signal was completely undetectable. 

Another undesirable offsho0t of this problem was that, since the 

receiver had to be operated with min~num squelch, an approach to an 

intersection whose transmitter was stronger than usual would result in 

a fringing effect. That is, as the car entered the outer fringes of 

the transmitter's blanket of coverage, the car would pass through areas 

where the sjgnal would be strong enough to bring the receiver out of 

. squelch and activate the radio relay unit. Then the signal would die 

out briefly, allowing the radio relay to de-activate, only to be re­

ac-tivated when another area of reception was entered. This resulted 

in numerous transmissions of varying signal levels from some of the 

intersections, a situation detrimental to communications on channel 

four. 

The solution to this problem was quite simple. Originally, the 

transmitters installed at the intersections were equipped with one­

quarter wavelength (approximately nine feet) of antenna wire. These 

antennas were fed through small holes in the traffic control boxes and 

strung along the outer surfaces of the boxes, which are made of iron 

and are \'le11 grounded. The problem, then, was one of loss of signal. 

The antennas were not long enough to be strung away from the Inetal 

boxes, and a great deal of a transmitter f s output was lost to ground 

absorption. To solve the problem, another one-quarter wavelength of 
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antenna was added to each transmitter, and was ht.mg away from the 

control box to reduce absorption. 

The result of this procedure was that a car could now par,s 

through the intersections from any direction with its receiver heavily 

squelched and still pick up the intersection identification signals. 

Also, 'the use of more squelch requires a stronger signal to bring the 

receiver into operation. Thus, the weak fringe area signals were 

eliminated, ending ~le problem of premature triggering of the radio 

relay unit. 

With the transmitters functioning as desired, one can onl)r guess 

at problems that may crop up in t~e future. For one thing, it is not 

yet mown how well the transmitters ,vill endure the frequent lightning 

strikes that knock out traffic control units throughout the summer 

months. The transmitters are all well grounded, but so is the traffic 

control equipment, and it doesn't seem to do much good. Only time 

and several thunderstorms can provide data regarding this problem. 

The Car Unit 

The radio relay unit mounted in the patrol car performed its 

mechanical duties exactly as desired. That is, the timing circuits 

and actuator controls did indeed trigger the channel four transmitter 

to relay signals back to the police station. And once the ignition 

noise was filtered out of the receiver and the intersection trfuismitter's 

signal outputs were boosted, the signal to noise ratio of the 

received signals was adequate to provide relatively noise free tones 

at the decoders at the police station. 
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The major problem with the car unit was that since the receiver 

and transmitter must function simultaneously, some means had to be 

provided to keep the transmitters signal from entering the receiver. 

It would seem that the two units should not normally interfere with 

each other since the receiver operates at 27 megahertz and the trans-

mitter at 450 megahertz, but with the transmitter mounted directly 

beneath the receiver, the signal from the transmitter easily leaked 

back into the receiver to create a feedback lOOp. The loop occurred 

when the intersection and car ID tones were coupled from the output of 

the receiver to the input of the transmitter, which tilen transmitted 

them right back into the receiver. The problem was solved by simply 

moving the receiver away from the transmitter. This required, however, 

that the receiver's speaker be mOLmted above the transmitter and that 

wires be run from the receiver to its now disjoint speaker. 

The only remaining problem with the car unit is that the audible 

tones tend to wear on the nerves of the officers who have to listen to 

them each t:Une a monitored intersection is passed. A possible solution 

to this would be to acquire a channel four transmitter that could be 

permanently incorporated irrto the unit. Then the receiver's output 

and transmitter's input could be electrically, rather tilan 

acoustically, coupled and the tones would no longer be audible to the 

officers in the patrol car. 

The Decoders 

The biggest problem \.,rith the decoders was one of adjustment of 

input levels. This became rather critical, because when the decoders 
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are driven too hard, more than one at a time (usually those closest 

to ~le frequency of the incoming signal) may provide an output which 

da b I " d to the VDU To remedy this causes 1naccurate ta to e supp 1e . 

situation, a neuqork was placed at the input of the decoder unit that 

allowed adjustment of the incoming signal levels. Such a simple net­

work need not be discussed here. 

Once the input level was adjusted, it was found that some of the 

decoders were more sensitive than others, and would actuate when a 

strong signal close to their frequencies ,appeared at their inputs. 

This, too, caused erroneous data to be fed to the VDU. ,Minor alter­

ations to each decoder's circuitry made the decoders' sensitivities 

adjustable, and they were finally set at a level that allowed the input 

to vary between one-half to twenty volts with only the correct decoder 

being actuated. 

Another problem that c~~ be dealt with at the decoder unit is 

that which oacurs when a car ID tone arrives without an inteJ:'section 

ID tone. This can occur when a car passes through an area of radio 

noise strong enough to bring the receiver out of squelch, which causes 

generation and transmission of the car tone even though the car was 

nowhere-near a monitored intersection. When this occurs, the car ID 

line to the VDU enters data without data on one of the intersection 

lines, which erases the map. To correct this situation, which rarely 

occurs any\qay, a logic network could be installed on the decoder unit's 

output lines that would not allow the car data to reach the VDU if no 

data appeared on an intersection line. 
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!he Map 

The map Circuitry functioned perfectly throughout all the tests. 

The only complaint that can be made about the map is that the LED's 

used for the numeric displays are a little too small to be read com­

fortably at distances of more than a few feet. Using larger readouts 

i~ould solve the problem, but they would also require more space for 

mounting, which could cause problems w]len the intersections to be 

monitored are only about one inch apart on the map. This problem, 

one of human engineering, could be solved in a number of different 

ways, all of which are tacitly ignored in this paper. 
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CONCLUSIONS 

The system described in this paper, admittedly, has a number 

of serious drawbacks. In order to obtain the best possible monitoring 

of a car's location in a large city, a great number of intersection 

transmitters would be required. Although the cost of each transmitter 

is relatively low, the man-hours required for installation and mainte­

nance might prove prohibitive. For a smaller conrnunity, however, 

it might prove to be a worthwhile system. Not as many transmitters 

would be needed, and probably the knowledge of a car's approximate 

loca tion would be sufficient for the police dispa tch operator. In 

such a situation, the co'st of such a small scale system would probably 

not be out of reach of the community I s budget, as would some of the 

more sophisticated systems now available. 

There are available at this time systems, ideal for large met-

ropolitan areas, that promise a great degree of accuracy through compu­

ter data manipulation. These systems, already reduced in price through 

their acceptance and use, tend to make the syst.em described here ob­

solete for large scale applications. 
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