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ABSTRACT 

An Automatic Vehicle Monitoring (AVM) system provides real-time 

locltion and status information for Bach vehicle in the system. 

Typ1~any, the system would. include a d1sp~ay showing a map of the 

city (presented in several scales) with cars, including their iden

tification number, properly positioned on the map. This report is 

a Phase II evaluation of such a system imp'lemented city-wide by'thl! 

St. Louis Metropclitan Police Department. The Phase I evaluation 

covered only one district and utilized a prototype technology. 

The principal goal was reduction in response time, which, it was 

believed, w~uld increase the rate of criminal apprehension and possibly 

deter crime because of time saved by always dispatching the car closest 

to an incident site. Other objectives included improved officer safety, 

more effective command and control, less voice band congestion because 

of the digital communications included in the partlcular AVM system used, 

and better supervision of the force. 

The evaluation results were unfavorable for response time reduction, 

favorable for improved o~erations due to digital communication and mixed 

in the realization of other objectives. Poor system perfonnance had some 

influence o~ the evaluation" results. During the process of evaluation it 

became clear that full system potential could not be assessed without 

some change 1n police procedures and operating methods. Such potential 

(which is yet to be verified) relates· to the, use Of directed dispatch 

rather than the all points broadcast (APS) for extraordinary events such 
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as pursuits, burglaries, ana disturbances. the dynamic reaHocation of 

the force to maintain a·patrol presence or to reduce queuing levels in 

areas where excessive calls for serv"ice have depleted the force avail

nbility; and better supervision of the force made possible by the new , 

information that the AVM system supplies. Also AVM serves as a hidden 

supervisor producing better officer behavior. An outgrowth of these 

potentials can be improved effectiveness of the force, greater pro

ductivity, and a cost-effective system. 

The evaluation methodology involves three separate analyses: 

technological, operational, and attitudinal. A cost-effectiveness 

analysis is included. 
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PREFACE 

Thi$ report covers an evaluation of an automatic vehicle monitoring 

(AVM) system that has been implemented city-wide by the St. louis 

Metropolitan Police Department. St. louis is the first metropolitan 

city in which such a system has been evalu~ted. The results of this 

study have significance because: 

o They illustrate the effect of closest-car dtspatching 
on response,time. One of the principal benefits cited 
by AVM proponents has been the reduction of travel time 
(and thus. response time). 

• They assess the value of digital cummunicitions in police 
operations. 

• They examine the potential of AVM for improved o~ficer 
safety, command and control, and supervision of the force. 

• They address the influence of AV~' on officer productivity 
and the basis whereby such systems can be cost-effective. 

A complete evaluation of all AVM poLential benefits was not possible. 

It became clear that som~ benefits w~re not attainable without changing 

some rather well ~stablished police policies and practices. Additional 

experiments to rnore fully explore such potentials are recommended. The 

following report summarizes the evaluation results and discusses those 

areas where potential benefits exist. 

The evaluation methodology covers a broad range of issues. 

RecogniZing that AVM is relatively new, the technology involved in 

several systems and the perfonnance of the particular system is reported 

1n Chapter II. The effect of AVM on police operations and th~ 

degree of achievement of system objectives is covered in 

-vii~ J 
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Chapter III. Introduction of such a hew technology into a labor-
. 

intensive environment can cause attitudinal and organizational shifts, 

and these effects are assessed in Chapter IV. An introduction to the 

AVM'evaluation is provided in Chapter I,and the evaluation conclusions 

tcgetherwith an assessment of the potential value of AVM are summarized 

in thE[ concluding chapter. 

Included with the report is an important appendix~ entitled 

I~Alternative AVM Technologies" which contains p~~rfonn~nce measures It 

system specifications ~ location techniques, met,hods of :transferring 

data and processing and display methods. It should be of interest 

to those who desire more knowledge on AVM technology and those who 

are contemplating purchasing a system. 

-viii-
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Chapter I 

INTRODUCTION 

Automatic Vehicle Monitoring (AVM) systems use advanced technology 

to traclk the position of vehicles and to monitor their general status. 

Sometimes called automatic vehicle location (AVL) systems, they use 

one of several currently available technologies to estimate a vehicle's 

position. These technologies usually build around one of the following 
',. 

concepts: radio ranging ("trllat,eration fl
), proximity sensing (e.g •• a 

vehicle passing ,a sensor at an intersection), or dead-reckoning (e.g., 

in-vehicle position updating. such as in submarines). Some systems-

called hybrid systems .. -incorporate two or more of these concepts along 

with other concepts such as computer correction of tracking erro'rs. 

The llmonitoring" aspect of an AV~1 system usually includes status 

information in addition' to location. In police applications the status 

may describe whether, the vehicle is responding to a police call-for

service, cIt the . scene (servicii~g a call)., or involved in routine pre

ventive patrol. in hot criminal pursuit, or in need of ~me~ency assistance. 

The potential for AV~' systems in law enforcement ag~cies was originally 

suggested by studies undertaken by the Pr~sident's Crime Commission (1966) 

wherein it W{t$ suggested that AVM--by automatically dispatching the 

closest'patrol '~r--eould cause a significant reduction in travel 

time (and a co.rresp~nding reduction in overall response time). Some 

.conjectured that AVM could be a deterrent to crime because more criminals 

would be apprehended. Even earlier though the need and application of 



AVM was evident in public transportation. where as early as 1935 a 

crude fonm of vehicle monitoring was implemented by the Chicago Transit 

Authority leading eventually to a much more sophisticated system in the 

early 1970's (implemented by Motorola) which provided real-time data 

for an automatic schedule adherence system, an emergency alana system. 

and other features penmitting better supervision and safety. 

A. AVM in Law Enforcement Agencies 

The President's Crime Commission reports stirred considerable 

interest within the industry to develop systems that could ~~et the 

basic requirement for automatic selection of the police cars closest 

to an incident site with the expectat10nthat,such a system would reduce 

response time to the extent that more criminals would be apprehended. . . 
If this concept proved successful the market potential appeared 

attractive because a system that reduces crimea-especially if paid 

for by federal funds--is difficult to refuse. 

Over ten industrial companies invested their monies and talents 

in the early 1970's in an effort to develop an appropriate system. Most 

designs were variations of the three basic system types mentioned in the 

opening paragraph. The Law Enforcement Assistance Administration (LEAA) • 
• too. was following these developments with considerable anticipation. 

It was during this period of high expectation that the LEAA awarded the 

Boeing Company a contract to implement their AV~ system in one police 

district in St. louis,1 and awarded Public SYSt6~S Evaluation, Inc. (PSE) 

1 Implementing the system in District 3 cornmencad in mid-1974. 
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a grant to evaluate the results. This was the first attempt to install 

a sophisticated AVM system in a major metropolitan area. After completion 

of the Phase I program--whichyieldedsome successes and some disappointments-

a Phase II program was initiated to implement the entire city. The 

evaluation results of the Phase II program are the principal subject 

of this report. The period covered by the Phase n evaluation was· 

approximately June 1976 to January 1978. 

Other not~~orthy police-related deve~opments in this interesting new 

technological field incl ude the implementation of a proximity s·ignpost system 

in Huntington Beach, California, by the Hoffman Company during 1975-76, 

and the implementation of a pulse-trilateration system by the Hazeltine 

Corporation in one of the large Dallas police districts during 1977-78. 

The Department of Transportation (DOT) has also shown keen interest in 

AVM, primarily in its ability to improve the safety and schedule adherence 

of their transport systems. ~T conducted a competitive test in the City 

of Philadelphia during 1977 involving four suppliers: Fairchild Industries, 

Hazeltine, Hoffmans and Teledyne. The Hoffman Company won'the competitive 

test and was awarded a contract to implement their proximity signpost 

system in an area of Los Angeles. It is to serve both fixed and random 

route bus systems as well as other public agencies--such'as the Los Angeles 

Police Department--and perhaps private industry--such as delivery truck 

systems and/or taxi cabs.' 

B. Evaluation Methodology 

A new technology such as AVM is generally conceived for the purpose 

of improving the operations of a system and,to enhance the. possibility of 

success,the new technology should be cost-effective. This the" suggests 

-3-
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that an evaluation program should include components that will (1) 
• 

me~sure the technical adequacy and perfonmance capability, and (~). 

measure the improvement that impacts the operating system, including 

its cost-effectiveness. Other reactions from urban planners and soc1-. 
olog1sts suggest that attitude towards and acceptance by police personnel 

to AVM systems will be among the most critical factors in implementing 

these systems in police departments today--in fact, they may be more 

critical than any particular techn~lt\gical problem. The evalua~ion 

methodology then builds on three prongs: technologYt operations, and 

attitudes. These aspects of the AVM evaluation are presented in 

Chapters II through IV of this report. 

C. AVM System Objectives 

At the time that the AVM program was contemplated the St. louis 

Metropolitan Police Department (SLMPO) established four major objectives 

for the system as follows: 

1. Reduce response time 

2. Improve officer safety 

3. Reduce voice-band congestion 

4. Enhance comman~ and control capabilities 

These four objectives t together with system costs, were to provide a 

framework for considering the overall cost-effectiveness of the system. 

O. Evaluation Hi9hligh~s 

Evaluation'results of the Phase I system failed to support the . 
belief that closest-car dispatching using an AVM system would yield 



Ir-~-------------~------~-- ----~-- ... -

effective savings in response time;2 the Phase II data substantiate 

the Phase 1 findings. 

During Phase II emphasis was shifted from saving ~sponse t£me to 

impzsoving supel'lJisi.on of the fozsce, and, mote importan~, an overall 

fOCIAS on i.mproved pl'Oductivity that may materialize from a properly -

utilized AVM system. 

From the patrol officer's viewpoint, the greatest expectation from 

AVM was improved safety; the greatest fear was use of the system as an 

inspection tool leading-to disciplinary action. 

For the dispatcher, AVM improves the decision-~king process and 

provides real-time data pennitting a more organized operation. There 

is strong evidence tha.t dispatchers have gained increased respect from 

police officers and management. 

Better utility from AVM systems can be gained by instituting pro

cedural, operational, and organizational changes. For example, the 

system can provide for a more directed dispatch process for some e~tra

ordinary events~-such as pursuits-Din place of the less efficient 

all points bulletin (APB) method. 

E. Influencing Factors 

System performance was b~low expectations for both Phase 1 and 

phase II, including location accuracy ~nd hardware reliability. 

2 ~ 

R.C. Larson, K.W. Colton, and G.C. Larson, IIEvaluation of a Police-
Implemented AVM System - Phase I, A Sumnary Report" (Public Systems Evalu
ation, Inc., Cambridge. 1976). Available from the U.S. Government Printing 
Office, Washington, D.C. 20401,.stock no. 027-000-00525-0. See also R.C. 
Larson, K.ltl. Colton, and G.C. Larson, "Evaluation of an Implemented AVM 
System: Phase 1" available from the National Institute of Law Enforcement 
and Criminal Justice Library in the Law Enforcement Assistance Administration. 
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The consequences were that the achievement of some system objectives 

were not realized, or in some cases were not adequately tested. For example, 

the use of the system for emergencies was not considered reliable, so 

officers still used voice radio, perhaps supplemented by the activation 

of the emergancy button, and lack of confidence restricted use for 

command and control purposes. 

F. General 

The following chapters sUIIII18r'ize the results of the city-wide AVM 

implementation. Chapter II covers AVM techt'lology and system performance. 

Three systems--representing three basic types--are briefly described; 

data on location accuracy and the frequency of lost cars is given; re

liability factors and measures are stated; and causes and corrective 

ac,tions for poor perfonnance are reviewed. 

Chapter III reports the effect on police operations due to AVM and 

reviews the degree of achievement of system objectives. Chapter IV 

summarizes the results of city-wide attitudinal surveys conducted before 

and after implementation. Data sources include questionnaires, ride

alongs in patrol vehicles, and interviews. Chapter V presents evaluation 

conclusions and assesses ~he potential of AVM. System costs are shown 

together with possible return on investment due to improved productivity. 

-6-



Chapter II 

AVM TECHNOLOGY 

AND 

SYSTEM PERFORMANCE 

Prospective users of AVM need to be informed of tne benefits that 

can be expected for the particular application being considered. which 

type of system best suits their requirements and what performance ob-

jectives are needed for the applications. This section reviews two of 

these issues by (1) establishing the basis for performance objectives. 

and (2) describing some of the types of AVM technology that are avail

able together with a listing of their favorable features al~d some 

possible negative aspects. System benefits will be discussed in 

Chapter 111. 
The principal focus of this report is on systems applicable to 

law enforcement agencies, and on a particular·system implemented city

wide by the St. Louis MetropOlitan Police Department. This section, 

then, also reviews performance and reliability of this system and 

equipment. Factors that c~used the pe~formance to be below the desired 
. 

level are discussed, as well as the steps being taken to improve the 

results. 



A. Perfo~ance Objective 

The need for location accuraclA relates to the type of application. 

For example, the accuracy requirement for a cross-country trailer 

truck needs to be Qnly one to two miles--if the purpose is to monitor 

its schedule and its route. A delivery vehicle or a taxi in a metro

politan area should be defined within perhaps one-half to one mile--

if the purpos~ is to improve efficiency by dispatching one of the 

closer cars. Far law enforcement vehicles--to which this report is 

addressed--the accuracy need be only about one. quarter of a beat dim 

u.~nsion,3 or several blocks to perhaps a ~ile depending upon where 

in the city the beat is located, providing the onZy ~se 1s for 

dispatching the "closest car" in the interest of reducing response time. 

Response time studies during Phase I and Phase II do not support 

the original popular belief that closest-car dispatching would sub

stantially reduce response timee The actual saving in response time 

is, at best, marginal 1n terms of beaefiting police operations. There

fore, achievement of response time saving is not considered a good 

basis for establishing AVM accuracy goals for law enforcement purposes. 

The more critical requirement in the application of AVM involves 

its us~ for command and control, ~fficer safety, and improved supervision 

D 
R.C. Larson; Urban Police Patrol Analysis (Cambridge: MIT Press, 

1972), pp. 102-106. 
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of the force. For example, in a pursuit it is desirable to know the 

street the lead car is on and the location of cars in the path of the 

pursuit to perhaps one-half block of true pO$it1oni when an emergency 

alarm is sounded by an offic~r in trouble, his location should be known 

to about one-half block (particularly in the "~~ dense lTban areas) 

if he is to be quickly found, and police cars that are bunched should 

be identifiable. A reasonable location accuracy for AVM systems used 

in law enforcement environments is consit.fered to be that which s,hows 

the indi.aated position b1i.thin 300 feet of the actual "Location 96% of 

the time • .. 

Location accuracy is determined by the performance of the AVM 

system and equipment, radio communication considerations, and the locaD 

tion updo.te rate. With regard to the latter, if the update rate were 

only ohce a minute and the car was traveling 60 mph on an expressway,. 

the error from this cause could be up to one mile. For a car traveling 

at 20 mph with location update at 5 second intervals, the error could 

be up to 146 feet or nearly half of the allowable error. F~r law en

forcement purposes an update rate every 2 to ? seconds is recommended.s 

It 
A typical rectangular block in St. Louis is approximate'ly 600 

.,b 

feet by 300 feet. A system· accuracy equal to one-half the short block 
dimension (or 150 feet) 1$ desired and should be a longer range objective. 
An accuracy of 300 feet 951 of the tiIDa is considered to be a compromise 
favoring cost and present day technology. . 

5 
A more complete review of AVM performance considerations, location 

techniques for competing systems, methods for transfering location and 
status data from the vehicle to headquarters,and methods of processing 
and display1.ng the data are given in a paper entitled, "Alternative AVM 
Technologies," which is included as an appendix to this report. 
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B. Types of AVM Systems 
• 

Several types of AVM systems are competing for the law ~nforcement 

application. The type of system used in St. louis and evaluated in this 

report is known as a oompute~-asBisted# dead-~eckoning s~stem; the one 

that has been implemented in Huntington Beach, CalifoYtnia, is a ppo~ty 

signpost type; and the system in process of implementation in Dallas, 

Texas, is a puZse tPiZateration type. While these three systems are 

not the only ones being considered, they do represent a fairly advanced 

state of development and each has been or is being implemented in 

an urban police environment. Brief system descr'lptions, together with 

suggested system advantages and possible disadv-antages, are provided to 

~enerally infonm the reader of their individual charaeteristics. Since 

a comparative evaluation of the systems has not been made, comparisons 

of performance, utility, cost-effectiveness, etc., are not intended nor 

implied. 

1. A computer-assisted, dead-reckoning 'system, kno~ as FlAIR,6 

is'the type used in St. Louis, and evaluated in this report. Car 

location is detenrlined by data supplied fv()m,eaeh car involving distan~e 

traveled (from an odometer) and direction of travel (from a magnetic 

heading sensor). Such incremantal data is transmitted to the base 

station each update period (about 1.2 second intervals) where the computer 
," 

applies such up-dates to the previous data (and the caris original initialized 

position) to present continuous tracking of the vehicle's location on a 

color TV-type display~ A characteristic of deadwreckoning systems is 

that the vehicle being tracked will eventually become "lost" due to the 

6 

FLAIR is a trademark of the Boeing Company, and stands for Fleet 
ho~ation And ~formation !eporting. Patents have been applied for-in the 
Un, ted States and in 'fore1gn countries. 
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. 
accumulation of error. To delay this process the FLAIR system uses··the 

. 
computer to keep the car 1.ocated on streets and corrects distance error 

when a corner is turned (through a map-matching proeess). The estimated 

veMcle location still can beco~ lost., however. and when this h~ppens 

the computer notifies the dispatcher to stop the real vehicle and verify 

its location. If the location is incorrect, the dispatcher will correctly 

locate it (this prucess is called reinitialization). 

i. Some Positive Features. 

(1) 

(3) 

Frequent update periods present a r~alistic 
real-time display of vehicles moving on 
streets-~one that the dispatchers easily' 
relate to. 
Only one UHF vOice-,type channel using two 
conventional 25KHz channels (for trans-
mitting and receiving) is used for 200 cars. 
Up to 99 digital codes· can be sent mobile 
to base over the AVM channel--thus supple-
menting communication capabilities. 

b§ Possible Negative Aspect~ 

(1) 

(2) 

Vehicles become lost requiring reinitiali~ 
zation. This process involves participation 
of both the patrol officer and the dispatcher .. • 
thus increaSing their workload. System per
fonmance could be vulnerable to the acts of 
people whom it is trying to serve. 
Syst~ ,xpansion may be constrained 'by the 
Htriftations of 200 vehicles per. radio channel 
and 400 per computer system. Channel avail
ability in the UHF ~and is getting scarce. 

2. A pulse trflateration ~l~ is being implemented in one district 

in Dallas, Texas, by the Hazeltin:a Corporation •. Its 9peratiofl is bas~d 

on radio propagation properties.to·;~ntify vehicle' location as a function . -
of radio transmission time between the vehicle and three or mewe satellite 

-11-
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receivers. A synchronized fast-rise pulse emitted from the transmitter 

located in a vehicle is relceived by three or more satellite receivers 

whose demodulated signals are transmitted by land-lines to the base 

station computer where lalcation is determined. The pulse leading-edge 

is used 1n computation tfl minimiz~ errors that would result from radio

frequency reflections as may be caused by buildings in high-rise urban 

areas. System accuracy ts dependent on the ability to identify the 

pulse leading-edge for computing the direct (shortest) path between the 

vehicle and the satellite receivers. 

a" ~me PQ!itive Features 

(1) The system has a high capacity and can 
aClcomwdate fleets of vehicles having 
differing update rates, depending upon 
tbe accuracy requirements. ·Several 
thousand vehicles could be accorrmodated. 

(2) The FCC has allocated two channels (&~Hz 
elach) in the (new) 900MHz band for AVM 
service on a temporary basis subject to 
final authorization. These channels 
should assure adequate service in most 
metropolitan area.s. 

(3) Digital cOl11llunication is provided in both 
directions--mobile to base and base to mobile. 

b. Possible Negative Aspects 

(1) System performance has not been fully prov,an. 

'2' \. I 

In a competitive test conducted by DOT in 
Philadelphia, accuracy in an urban high-rise 
environment was unsatisfactory. The degree 
to which the ct'lnditi.on has been corrected is 
yet to be demonstrated. 
Channel~ssignment in the 9QOMHz range does 
not nave final FCC autho~fzation~ Also, near 
the allocated bands is a potential interference 
from cOfllllerClal/inciustrialti{~nsumer microwave 
device$ (such as microwl~ ovens) of an un
known dimension. 
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3. A proximity si~npost sxstem has been implemented in Huntington 

~each, California, by the Hoffman Company. Ttie system uses a multi

plicity of low powe~ transmitters each located in fixed positions 

throughout the area being served. Each signpost transmits its individual 

code continuously so a patrol car receives its slgnal as it passes and 

relays the code to identify its locat'ion to the base station at the next 

update period. The 9reate~ the density of the signp9st'sensors~ tbe , 

better the accuracy and the higher the cost. 7 I 

The .·~offman system 

uniquely U5es a two signal-level sy~tem. which mor~ than doubles the 

identifiable locations per signpost. It is noted that Hoffman was 

awarded the City of Los Angeles tran$it Authorit~ AVM contr~t after 

l!ompmtitlve testing in Philadelphia where the competitors were Fairchild 

Industries, Teledyne, and Hazeltin~. 

a. Some Positive Features 

(1) Signpost systems appear to have a high order 
of flexibility. For examplel, accuracy can . 
be a trade-off with cost (where app1icable)~ 
and systems can be applied ,to small as well 
as large metropolitan areas. Systems such 
as Boeing's and Hazeltjne'~, h,reviously de
scribed) are dependent on I,ligh-capacity com
puter processing of their'sigrllals. This 
generally involves substarltial investment, 
and may make such systems non-competitive 
for smaller cOlTlJlunities. Small signpast 

·systems can operate with smaller computers 
or 1 Og1 C ci ~cui ts and eYfm a "wa 11" map 
rather than electronic d'isplays. 

7 , . 
The relationship of system accuracy and cost is not II)n1y a 

functi on of. s i g~postdens! ty, but is a 1 SCI. dependent on the signpost 
layout andturnlng probabTlity of the velncle. These relationships 
:re develope~, for several layout conf1g:urations, in a pap(~r entitled, . 
Markov Models-of Fixed-Post Sensor AVl. ,System!; ," by Richalrd c~ larson, 

and available from Pub1 ic Systems Evalulltion, Inc., Cambridge, MA 02139.11; 
, ., <> , 
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(2) For smaller ,systems the location infonnation 
may be able to utilize the voice-band channel 
and radio equipment saving both cost and valu
able frequency spectrum. 

(3) The signposts can be usp.d by any number of 
services making it possible to reduce the 
"cost per car" for this portion of the, system 
as the number of users increases. 

b. Possible Negative Aspects 

(1) Because accuracy is directly related to system 
cost, the accuracy requirements for law enforce
ment (300 feet. 95% of the time) may cause prox
imity signpost systems to be non-competitive, 
particularly in larger metropolitan areas. 

(2) The signpost operation is based on the trans
mission of low-level signal. This could make 
the system vulnerable to external interference. 
decreasing the effectiveness o~ the system. 

C. The FLAIR System 

The FLAIR system and equipment for Phase II (city-wide) implemen

tation differ from that in the Phase I pi'lot program e in a number of 

important ways: (1) basic system changes were necessary to comply with 

FCC requirements. (2) a number of changes were made to improve performance 

involving Zooation aoouraoy and the ~equenoy of Zost O~8; and (3) changes 

were made to improve reliability. fThe significant changes are briefly 

described, and the impact of these changes on performance and reliability 

is discussed under subsequent headings. A detailed description of the 

Phase 11 system and equipment is consi.dered beyond the scope of this 

report, as it is well described elsewhere •. 9 

& 
R.C. Larson, K.W. Colton, and G.C. Larson, "Evaluation of a Police

Implemented AVM System - Phase I, A SUDlllary Report" (Public Systems Evalu
ation, Inc •• Cambridge, 1976). Available from the U.S. Government Printing 
Office, Washington, D.C. 20402, stock no. 027-000-00525-0. 
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1. Phase II changes. If it UHF voiee channel is to be licensed 'for 

AVM usee the FCC requires that a minimum of 200 vehicles be accommodated~ 

The Phase I system provided for only 100. The increase in capacity by 

a factor of 2 required substantial chang~s .. -the more important ones 
" 

being the following: 

Number of Time Slots 
Update interval 
Bit rate 

Phase I System 

100 
1 second 
1600 bps 

Phase I I System· 

200 
1.215 seconds 

4800 bps 

In addition, changes were made to improve performance--the principal ones 

being as follows: 

Distance sensor resolution 
(odometer) 

Heading sensor resolution 
(magnetic compass) 

24 feet 
(4 bits) 
:!: 5.6°' 
(5 bits) 

6 feet 
(6 bits) . 
:!: 1.4° 
(7 bits) 

Changes were also made to provide better tracking in off-street areas 

(open-loop mode) such as parking lots and shop~ing centers; computer cor

rection was added to the distance sensor data for'er'~rs due to speed; 

and entirely new computer software was developed to accommodate the changes 

and a system capacity of Up ,to 400 cars. Then added to this was a new 

production Pltckaging and the result \lIas a major redesign program. 

The consequence of such an extensive redesign was, unfortunately, a 

delay in t:he Phas;e II implemerftation by approximately 5 months. As ene 

might 'expect (whfan a design is h'urried into production) considerable de

bugging of the hardware and software became nec~ssClry. Extensive field 

tests thro'ughout the city (other than District 3 where Phase I was im'; 

plemented) revealed new locations having magnetic ilnomalies and roads 
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intersecting at small angles that required special, software programs 
• 

for proper operation. The Phase II system became operational on March 

15, 1977. instead of the originally scheduled date of October 15. 1976. 

2. System performanceo As previously stated, the most important 

perfonnance measure for AVM systems is 'Loca:tian aceu:may. For dead

reckoning type systems--such as FLAIR--another perhaps equally important 

parameter is the fl'equenay of "/,.Q(}t cal"8 or the mean-time bet?.;aen 'LoBses. 

Evaluation of these performance measures together with Phase I results 

will be addressed. 

a. Location accuracy. As covered in Section A of this chap

ter, a reasonable accuracy requirement for AVM operating in a law en

forcement environment is for the indicated location to be within 300 

feet of the true location 95% of the time. Location measurements were 

made in District 3 during Phase I and in all districts in Phase II by 

the dispatchers in, accordance with procedures developed and with results 

sample-checked by the evaluators. The dispatchers would s~op patrol 

cars at random times during periods of low activity and ask for a 

"FLAIR check." 10 Only cars not indicated as'being lost were stopped. 

The dispatcher then wou'ld measure--using a plastic ruler--the distance 

between the reported location and the indicated position to the nearest 

1/8" (1/811 on the most magnified scal~ is approximately 90 feet). A 

tabulation of performance in each district (Phase II) and District 3 

(Phase I) is shown in Exhibit 2-1. Plots of the Phase U city-wide . '. 

results, and--for comparison--the Phase II, District 3, results are shown 

in Exhibits 2~2 and 2-3, respectively. For both Phase I and Phase II, 

10 This would signal the patrol officer to stop at the next convenient 
intersection and to identify his location via the voice radio. 

-16-
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Exhibit 2-1 

Accuracl Measurements l Phase II 

Indicated Error (Feet) 
% of Observations for Confidence of---

District wi thi n 1/8" * !Ql 90s m 
1 34% 1350 2100 2880 

2 57 600 1800 3600 

3 56 750 1950 3600 

4 31 1950 2550 3300 

5 34 1350 1950 3000 

6 43 1350 2700 4050 

7 64 375 1125 2850 

8 57 675 900 1950 

9 34 750 1425 2100 

City 46 1005 1725 3000 

Phase 1/ 80 90 400 700 District 3 

* 1/811 equals 90 feet 
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measurements ~~re made after the system had settled down (about two 

months after implementation). 

Accuracy results are disappointing showing the 95% confidence levels 

ranging from 1950 feet (Dis'trict 8) to 4050 feet (tl'istrict 6), compared 

to 700 feet (District 3. Phase I). The 80% confidence levels are 1005 

feet city-wide in Phase II. compared to 90 feet in Phase I. An obvious 

question is: What caused the poor Phase II perfonnance, particularly in 

view of the many system improvements? 

Some suggested that the officers might be deliberately subverting 

the system by incorrectly stating their location during a FLAIR check • .. 
This, it was conjectured~ could be caused by.a negative attitude resulting 

from the delay in system implementation or by fear of its use for in

spection purposes. Therefore. a limited number of FLAIR checks were 

made (over a 5-day period) in District 3 with an evaluator riding in a 

patrol car and another observing the dispatcher. This test provided a 

verified accuracy measurement which is plotted together- with iinormal" 

District 3 results in Exhibit 2-3. Considering the relatively small 

sample size (13) for the verified ~st, corr~lation with the District 3 

results is quite good and does not suggest improper results at least of 

any consequential proportion. 

Other tests were made which helped to explain the poor accuracy. 

A numb~r of "straight 11ne" tests were conducted in which cars were 

driven on $treets that were more or less straight. At the start of 

the test the car was initialized, and at the end the difference (in feet) 
, 

~~tween the actual and indicated position was noted. This type of test 
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was conducted to dete~ine the odometer error without the benefit of 

distance correcti~n when a corner is turned.11 The first test was made 

1n a patrol f:ar that VIas "roughly" calibrated by driving ar'ound the 

block at the police t'rige and noting on a test monitor tn~ n~1ts~ 

traveled (this type of calibration is believed accurate to only about 

2%). Nine runs were made--ranging from 2.8 miles to 9.4 miles with an 

average length of 507 miles; errors were frmn 0 to 6240 feet with an 
. . 

average of 1860 feet or 6~. Another car, that had be~n accurately 

calibrated using the contractor-supplied fixture, completed seven runs 

ranging from 4.8 to 6.0 miles with an average of 5.4 miles; errors were 

from 0 to 1895 feet with an average of 373 f~et or 1.3%. This illustrates 

that an accurately calibrated odometer produces vastly superior perfonmance. 

The above results and other tests demonstrate the importance of 

periodic calibrations of the equipment. During Phase I, for example, 

it was shown that worn Rayon-belted tires created a 2% error (106 feet 

per mile) if calibrated when new. A preventive ma~ntenance program had 

not been initiated during the Phase II evaluation period, although one 

has since been activated. 

Another travel environment that creates special accuracy 

conside.ration concerns driving in off-street areas, such as 

shopping centers, parking lots, industrial sites, etc. In such 

areas, the system operates in an· "open-loop!! I110dl end the vehicle's 

11 
On normal patrol a turn (distance correction) .may be expected on. 

an average of every four blocks. However, driving on long straight streets 
can occur when responding to some calls for servie@ or when driving to the 
district station. 

-21-

-' 
,,".r Hi 

·· .... r" .> .. , "<" ,., " " .. , . .,;;;'. 



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

location is determined solely from dead-reckoning data (direction and 
• 

incremental distance). In contrast, when driving on streets i1 "closed

loop" mode is used where the computer recognizes the street being driven 

on and holds the vehicle's indicated position on the street center~line 

(by referencing to its stored digit~l map) rather than allowing it to 

wander off the str~'c:~-:; and 1n and out of buildings as would be the case 

if its direction were controlled only by the relatively noisy signal 

from the magnetic compass. The closed-loop mode also provides for 

tj'istance correction when a corner is turned. 

I:·; . Patrol cars were driven through a variety of off-street areas 

I 

I 

where their travel and duration of stay represented normal patrol-type 

operation. For each test the cars were initialized at an intersection 

near the entrance to the off-street area and the difference between 

actual and indicated positions was checked upon leaving the area. 

• For 17 large and small parking lots, 6 showed 
an error of 0 feet; 5 additional were under 
300 feet; the remaining 6 averaged 860 feet. 

• For 15 other types uf open areas, 5 showed an 
error of & feet; 5 additional were under 300 
feet~ the remaining 5 averaged 900 feet. 

The off-street results still show excessive error with results comparable 

to those in Phase I. For Phase I a smaller sample size was tested (eight 

areas) where 3 of the 8 had errors in excess of 300 feet (averaged 906 feet). 

b. Frequency of lost cars. Another measure of performance for 

dead-reckoning type systems is the frequency with which a car gets lost. As . . . 

mentioned previously the FLAIR system has features that are intended to 

reduce thi s frequency by us i 1'19 the computer to (1) locate the car on a 
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street tenter-line (preventing its wandering from side to side). and 

(2) correcting fiitr distance errors wilen a corner 1s turned. The computer 

can even correctly relocate a lost car, some of the time, through a map- . 

matching process. However, when the computer cannot match the vehicle's 

indicated route with streets 1n the stored digital map. the vehicle' 

number, followed by a nv", will be shown in the status column of the 

display console, indicating that the vehic~e's location should be 

verified. 

During Phase I the average frequency of lost cars was 11 par ear 

per 24-hour day. This high rate ~as the major Phase I operational probM 

lem~ causing an extra workload for the dispatcher and re~entment and 

inconvenience to the patrol officer. Therefore the reduction of this 

occurrence was a prinCipal Phase II objective. Soma of the changes made 

to improve this characteristic were: 

• Increased odometer and heading sensor resolution, 
automatic velocity correction. and many softw~re 
changes for improved accuracy. 

12 
• Provisions for 22 self-initialization points 

throughout the city, one in front ~f each of the 
9 district houses and 13 at other well-traveled 
locations (such as the pelite garage). Phase I 
had one self-init1aliz~tlon point in front of the 
District 3 station. 

12 A self-initialization point is a precise.location.that a FlAIR~ 
equipped car can go to,where the address code of that location can be 
~ntered into the digital message panel and after 7 seconds the computer 
will locate the car precisely at that location without the assistance 
of the ~ispatcher. 

I 



• A new method for flagging a lost car, which;provides 
mor'e time between the first computer indication th;,t 
a C(8r may be lost until the 1.IVii sign is displayed on 
the dispatcher console. The apparent .. purpose was to 
provide more time for the comp~ter to relocate the car9 

Lost car- pe~fl'nnanc:e is plotted in Exhibits 2 .. 4 and 2-5. The 

fonner plot shows total "V" requests. number of dispatcher reinitiali ... 

zatiGns and numb~H'''' ~f self-initializations for a 24--hour day; durirlg 

the per'iod April thrflygh August the number of dispatcher reinitial izations 

t increased from about 900 to 1200, or 33%. The latter· exhibit plct~ 

the number of reinitial1zations per car per day and the average miles 

driven between reini.tializations t during the period the number of re-

initial ~~at10ns i'ncreased fi"Om below 7 to abov~ 9 per car per day 

(compared to 11 for Phase r). 
Probable reasons for the increased rate of rein~tfai 1zations, the 

relationship of the number of reinH;iil1zations per car pAr day -to 

accuracy, the potint1ai for improvement due to increased participation 

t~ self-initializations, and other methods for increasing accuracy and 

reducing the frequency of lost cars wi11 be covered under paragraph C.4, 

~!f0rmance! 20tential for,imargvement. 

3. t.Sllintenance and r,l1!bl1,ity.. The Phase II prodytticUl styled 

system provided advantages and features,compared ffs Phase l,to enhance 

the reliability andt~ sfmpl;fy repair and calibration. At the base 

station a standby computer with interface modules was adde.d to reduce 

the likelihood of the wpole system's collapsing in the event of 

computer failure.. At the repair garage a rotatable car rac.k was in

stalled to facilitate heading sensor calibration; a fixture was furnished 
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for odometer calibration; a custom-designed test set was provided for 

analyzing the perfonmance of the'AVM mobile equipment; and a maintenance/ 

installation manual and spare parts were supplied. Inspite of all this 

some problems were' still encountered. 

a. Base station. From the time the city-wide system was 

made operational in March through the middle of May (1977), the FLAIR 

system went down ten times due to computer failure (even with a standby 

capability) for a total of 224 hours--averaging three hours PQr d~. 

During this period the computer engineers made twelve modifications/ 

corrections. This appears to have been a shakedown period because from 

mid-June to the end of September there was only one 4-hour period thlt 

the system failed because of the computers. Changeover from the prime 

to the standby computer is a manual operation involving cable changes 

". 

and procedures requiring about 10 to 15 minutes. Since June the computers 

have been changed monthly so as to alternate between prime and standby 

functions and the system reliability has been at a satisfactory 99.95~ 

level. 

b. Mobile equipment. Two hundred patrol cars have been 

equipped with FLAIR--26 of which are designated as FLAIR spares. Cars 

that fl11 & whether for mechanical, radio. or FLAIR reasons, should be 

replaced with a FLAIR-equipped spare vehicle during repair to maintain 

as nearly as possible a 100% FLAIR operational presence in the fieldo 

During a heat wave in July as many as 34 non-FLAIR-equipped spare vehicles 

were used due to excessive failure rate--most failures being mechanical 

in nature. Such a high mix of non-FLAIR cars creates a serious dispatch 
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problem where the non-FLAIR cars are likely to be overlooked because 

their number or location is not shoWY, on the display ·console. To ~ope 

with this problem police management decided that a dispatcher can 

reason£~ly be expected to handle up to two non-FLAIR cars at anytime, 

but if there should be more the dispatcher would revert to pre-FLAIR 

dispatching practices. This, then, highlights the need for high re

liability, not only in the AVM equipment, but also in the two-way radio 

and the ear itself. Also emphasized is the need for an adequate number 

of fully equipped spare vehicles--their number is directly reiated to 

the overall reliability which in turn affects capital investment and the 

cost-effectiveness of the system. 

The FLAIR mobile equipment consists principally of an odometer, a 

magnetic heading sensor, a vehicle data processor, a UHF two-way radio, 

and a control panel unit {for digital codes). Failures in these units 

during the period Apr,l 1, 1977 to August 31, 1977 were; 

Number of 
Component Repairs 

Vehicle Data Processor (main unit) 70 
five modules 36 

106 

Two..,way radio 81 
Control panel unit 65 
Heading sensor 3 
Odometer 67 
Fuse 150 
Other .-! 

TOTAL ~with fuses) 482 
TOTAL \without fuses) 332 

Number of 
Non-Component Repairs 

Heading realignment 356 
Clean & lubricate module connectors 319 
AVM two-way radio alignment ~ 

TO'fAl 884 
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Assuming each·Qf the repairs (except fuse replacement) took 8 hours 

(1/3 day) including officer travel time. then the total car days out 

of service for component repair (excluding fuses) was 111. and for non

component repairs (alignment. etc.) 295. for a total of 406 (excluding 

fuses) or 419 car days including fuses (assuming 2 hours repair and • 

travel time each). During this period the total FLAIR car d~s on the 

road were estimated at 25tQQOwith the reliability percentages as follows: 

For component fail ure: 
25,000 - 111 - 25.000 . x 100 = 99.56% 

For alignment and contact repair: 

25,000 .;. 295 
25,000 x 100 = 98.82% 

For all type repairs, the composite total: 

25,000 - 419 
25,000 x 100 = 98.32% 

If the above r~presented a true picture of equipment failure and re

liability factors the results would be considered acceptable, but, un

fortunately, this is not the case. Other considerations include: 

• The bad contact problem between the Vehicle Data 
Processor modules (there are five) and the mother 
board is an intermittant condition and is not sub-
ject to a prescribed fix. Th~ intenmittant con-
dition can and does occur in a random manner causing 
false emergency alarms and other data errors. It is 
difficult to identify a car with this problem and 
there is little assurance that a car identified ~s 
having "the problem w111 remain· "fixed" after the repair. 

• Odometer failure. although infrequent, is a particu
larly difficult repair--requiring the garage1s mechanical 
assistance to pull the left-front wheel to make a rea 
placement. failure of the odometer-~mounted in close 
proximity to the front wheel brake--ls believed caused 
by ice in the ~nter or high temperature due to frequent 
bY'aking. 
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• The repairs made during the indicated period were 
those covering problems readily identifiable--
either by the dispatcher or the officer in the car. 
Problems that could cause poor accuracy--such as 
poor calibration of the odometer or heading sensor 
or misalignment of the AVM twonway radio--are not 
detectable unless someone obsel''1es the tracking of 
each car (which 1s not practical) or unless the 
computer can detect poor tracking of cars. Actually, 
the comput2r does select 20 cars having the poorest 
performance due to data rejected for noi'se or program, 
for largest corr-ection distance when a corner is turned, 
and for the fewest miles traveled per initialization. 
These data, available daily, have not been well utilized 
because their accuracy has been masked by cars under .. 
going tests at the garage, and because the technician 
workload has been filled with correcting the more 
easily identifiable problems. 

The need for preventive maintenance is generally recognized as the 

preferred first step in improving overall tracking (and accuracy). This 

was not practiced during the evaluation period because of insufficient 

manpower. Since then, however, each fLAIR car is checked and adjusted 

(when necessary) every time it is sent to the garage for its 5,000 mile 

mechanical maintenance check~ 

4. Performance, potential for improvement~ Operating results of 

the FLAIR system have been reviewed tn considerable detail. Clearly, 

system performance as measured by Zocation accuracy~ and the fpe~Kency 

of tost oars is unsatisfactory. At this point one might be tempted to 

conclude that dead-reckoning AVM systems are not capable of adequate 

accuracy. However. allowance should be made for systems which involve 

major n~'i technologies in which unforeseen problems can arise. Time is 

required to develop solutions to these problems-and for adopting new 

operational and maintenance procedures that may be required • 
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System capability of the Phase II system can be illustrated by 

two tests made just prior to the system becoming operational. For the 

Phase II acceptance test 3 cars in close formation traveled 4 city-wide 

test routes of 20 miles each for a total of 80 miles for each car. During 

this run, totaling 240 car miles. 3 reinitializations were required-

averaging 80 miles between losses. This cGnlpares to approximately 15 

miles d~r1ng the Phase II evaluation period. It should be "Gt~d that the 

test cars had been freshly calibrated, and that the test routes had been 

rehearsed. 

The other test involved the monitoring of vehicle location of 

3 patrol cars that were on normal patrol during an afternoon shift. 

The patrol officers were not aware that their cars were being tracked, 

and their locations could not be reinitialized. The path of these cars 

was recorded on tape over approximately a 6-hour period. An evaluator 

witnessed the performance of each of the 3 cars when roe-played at "fitst" 

speed with results as follows: 

• One car appeared to travel more than the others-
including one trip to the far corner of the city 
via the expressway; parkways. and city streets, 
plus some patrol and visits to the district station. 
This car was lost once and caused a "V" to be dis
played, but was relocated by the computer and at 
the end of the period ,~as correctly located at the 
district station. 

• A second car displ~yed more or'less normal activity-
including preventive patrol~ responding to three calls 
for service. and visiting the district station with
out getting lost. 

• The third car moved very little during the 6-hour 
period and did not get lost. 
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i. Changes to improve performance. The above examples 

demonstrate a system capability far better than that'experienced during 

the Phase II evaluation. Actions being taken to improve performance are 

s\tated below. 

(1) Initiating a preventive maintenance program. 
This was not ~one during the evaluat~on 
period because of technician availability 
and budget constraints! but it was insti
tuted during the first quarter of 1978. 
This will assure calibration of the heading 
sensors and odometers, proper AVM transceiver 
alignment, and proper system operations for 
all cars. Work will be performed every 5i OOO 
miles when the patrol cars receive their rou
tine mechanical preventive maintenance. 

" (2) Modifying connector assembly- on the Vehicle Data 
Processor to correct intermtttent contacts. 
The contractor has completed 10 modification 
kits for installation in operational units 
for. testing during the first quarter of 1978. 

(3) Changing method of flagging a 1I1ostli car to 
reduce the time a car may remain in a IIlost'\ 
conditioll. The flagging method was changed 
to that used in Phase I during the last 
quarter of 1977. 

(4) .Increasing the participation level of all officers 
to self-initialize, and developing incentives that 
will attain this q6jective. There were 22 self
initialization pOlnts throughout the cityw-9 
located at the district stations and 13 at other 
strategic sites. Five of the 13 sites are sel~ 
dom used so relocation of some of the self
initialization points to more favorable sites 
is under consio2ration; posting signs at the 
sites with initialization numbers is planned; 
and reporting (in the computer daily report) 
the number of ini·tial1zati.ons by car number has 
been accomplished during the first quarter of 1978~ 

b. Expected perfonmance improvement: Accuracy is expected to 

improve as a result of all four modifications listed above. The frequency 

of l~st cars, however, will worsen because of the change in flagging 

method (Jtem 3, above). 

-32-

-,-------------------------------------------------------



Referring to Exhibits 2-4 and 2-5. the miles per dispatcher re

initializations decreased from about 18 to 13 over the evaluation 

period; the reinitia11zations per car per day increased from about 

6 to 9 over the same period; and the total number of dispatcher re-
", 

initia11zations increased from about 900 to 1200 per day. All of 

these indi~ators reflect poorer performance believed caused by de

teriorating calibration and alignment and intermittent contacts which 

would be improved by Items 1 and 2, above. 

The change in method of flagging a lost car notifies the dis

patcher more quickly of a suspected lost car thus reducing the time 

a car remains lost before being flagged. This should have had high 

impact on accuracy; however, when this change was made the rate of . 
reinitiallzations per car per day about doubled--from 10 to 20--

resulting in an intolerable increase in dispatcher workload. Since 

the preventive maintenance program and the incentives to self-initialize 

were started, the rate has been reduced from 20 to 10 reinitiallzations 

per car per day. (first quarter of 1978). Considering that these pro~ 

grams have not been fully implemented the pe~ormance trends appear 

encoura.ging. 

c. ~erfonnanoe goals and achievability. As previously stated, 

AVM systems for law enforcement application should be accurate to within 

300 feet 95% of the time, and, i~eal1y, there should be no reinitial1zation 

required (to make the system independent of thos~ it· serves). Question

naire surveys and interviews, however, indicate a modest number of dispatcher 

reinitializations--between 2 and 3 per car per day--would be acceptable. 

However, any dependence upon those the system serves i~creases the risk 

of subversion. 
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d. Other system opt1oU!. As this report is being finalized 
• 

the degree of improv9ment in accuracy and frequency of lost cars due 

to the aforementioned changes has not been determined. Should the 

res~lts still be YfiaGceptable the following options have been considered. 

(1) Addition of automatic signposts which will re
initialize a car as it passes the eiectronic 
signpost without the assistance ~f the dispatcher 
or the patrol officer. This method obviously 
increases cost and creates a task of optimiZing 
the number of signposts and their spatial dis
tribution. If the system were to apply only to 
patrol officers location of automatic signposts 
at the district stations could be considered. 
Surveys indicate that a patrol car will visit 
the district station 3 to 4 times a shift, or 
9 to 16 times a day, and records indicate travel 
of about 150 miles per 24 hours. This would 
indicate a need for maintaining accuracy for 
only 10 to 17 miles on the average between auto
matic reinitia11zations. The worst case would 
be one visit per shift. or approxirnately 50 miles 
between reinitializations. With reasonable system 
performance this method should nearly eliminate 
the need for dispatcher reinitialization and 
could improve accuracy to acceptable levels'. 

(2) Another option that has been discussed ;s to re
place. or supplement, the magnetic heading ~ensor 
with a gyroscope. Here again cost is a factor. 
ihe gyroscope would not eliminate all sources of 
error, but could improve performance to accept-
able levels. . 
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Chapter III 

IMPACT OF AVM ON POUCE OPERATIONS 

The effect of FLAIR on police operations was not as pronounced as 

expected due to compromises in system a,ccuracy and rel iabili'ty. The greatest 

value of the system appears to lie in its impact on productivity rather than in 

potential response time reduction~. In spit~ of disapPointing hardware 

performance, a valuable assessment of the potential of AVM was obtained 

through careful attention to perfonnance-.r~lated detail s during the 

evaluation. 

The St. Louis Metropolitan Pol,i ce Department made extensive prepa

rations to ensure an adequate level of performance and integration of the 

FLAIR system into police operations during Phase II. In additiun to the 

modifications to the physical system reported in Section C.l of Chapter 

II (AVM Technology and System ,Performance), the following changes were 

made in the w~ the system was operated~ 

• Temporary dispatching personnel (including cadets and 
sworn officers) were replaced by per~nent dispatchers. 

• Sector maps were removed fr'om the di spatch consoles 
to encourage the use of the FLAIR map displays. 

• t~ore self-initialization points ~4ereprovided. 

• A committee of top management held weekly meetings to 
resolve operational problems and policies relating to 
FLAIR. ' . 

Operational analysis begins by describing th~ goals of FLAIR and 

verifying that the system was used in day-to-day operations at a level 

sufficie.nt to have an impact on'perfonmance. Then the degree to which 

-: .. _,--_' _, __ :. "_" _,'_~ __ ........;....lJ\I.. ____ -.: 
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each goal was achieved win be considered, alongwlth a detailed 

di scuss 'Ion of the factor.s wh1 ch tend to 'I ncrease or' decrease the value 

of FLAIR in achieving its specified goals. This discussion draws on 

the Performance Section in Chapter II and on the assessment of the 

system's capabilities described in the Att~tudinal Analysis Section 

of Chapter IV. 

The initial goals set for the FLAIR system were: 

• To reduce response time, 
• To improve officer safety, 
• To improve command and contro~t and 
• To reduce voice radio congestion. 

Only the last goal (which did not depend upon FLAIR's locating abilities) 

showed promise during the Phase I test of the system in the Third District 

of St. Louis. As a result p each of the initial goals required additiona,l 

testing during the Phase II city-wide implementation. Important new goals 

were also co~sidered during Phase II--improved supervision of t~e 

patrol force, and the effect of FLAIR and objective achievement on 

improved productivity. 

Achievement of the system's stated goals depends upon the two basic 

performance parameters considered in detail in Chapter II: accuracy and 

reliability. One should recall that accuracy was quite disaPPointing 

and that even the level of accuracy nonnally maintained interfered with 

dispatching operations. Dispatchers performed an average of 1064.7 re

initializations per day (one every 8.1 minutes for each dispatcher) from 

April through August of 1977. The principal reliability problem involved 

mechanical failure of the patrol cars which adversely affected system 

operation, e.g~, 20 non-FLAIR cars had to be fielded each day during a 
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two week heat wave in August. 1 ! Use of non-FLAIR cars interferes 

with the dispatch process as their location and status do not appear 

on the FLAIR display. 

The interrelationship of accuracy and reliability with the 

various system goals are illustrated in Exhibit 3-1. Each of the 
. 

goals depends upon the achievement of reliability. Response time, 

officer safety, command and control, and improved supervision depend 

upon accuracy. Each of these goals makes a potential contribution to 

productivity through faster response, decreased excess driving, and 

improved efficiency and effectiveness. 

The FLAIR system received extensive use in St. Louis--as demonstrated 

by the high levels of FLAIR-equipped cars, the mileage they covered, and 

the ',~umber of digital conrnunication messages--as indicated in Exhibit 3-2. 

An average of 136.2 cars were deployed to cover 136 regular patrol division 

vehicle assignments during April through August 1977. They covered an 

estimated 2,321,000 patrol miles during this 5-month period--well o~er 

15,000 mi'les per day~ This high level of FLAIR system use ha$ helped 

to ensure meaningful evaluation results. 

A. Response Time Results 

On first analysis it seems obvious that the abil ity to select the 

closest car for dispatching should result in improved response time by 

reducing response distances. But even though such a closest car 

13 26 FLAIR~equipped spare cars are available for use when regular 
patrol carS are being serviced for mechanical. radio, or FLAIR reasons. 
Replacements in excess of 26 are not FLAIR-equipped. 
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dispatching plan was adhered to very closely during Phase II. the~ 

• 
was no 81~gnifioant 1mpZ'OVement in tztaveZ times. On the whole,. response 

times seemed somewhat longer after FLAIR became operational, but there 

were many reasons besides the closest car dispatching process (e.g., 

less experienced dispatchers) which could have caused this pattern. 

In any case, response time reductions do not appear to be the popular 

benefit of AVM contrary to what many had expected. 

Evaluation of response time perfo~ance is particularly important 

because response time is often a major design criterion for AVM manu

facturers. For this reason this aspect of AVM has received extra emphasis 

in this evaluation. In order to assure the validity of evaluation con

clusions, several different measurements of the effect of AVM on response 

time are included in this analysis: 

• Simulation model of AVM impact on response time 
• Detailed analysis of travel time by priority of call 
• Detailed analysis of dispatch times by priority of call 
• Overall Phase II response time results 
• Phase I special test results 

Every approach to AVM response time evaluation indicates that only 

limited improvements can be expected. When these are considered in 

the light of the results of the recently completed Kansas City Response 

Time Study.l~ it is apparent that response time ~il1 not be the area in 

which AVM has its greatest potential. The Kansas City study showed that 

the time taken to report an incident after its occurrence is comparable 

to or greater than travel time for most crime categories, thus diluting 

the influence of travel time savings on greater criminal apprehension 

and witness availability. 

lit 
Marvin ,L. Van Kirk, "Response Time Analysis - Executive Summary" 

(Kansas City, Missouri Police Department. 1917). 
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1. Use of closest car dispatching. Observed levels of the use of 

closest car dispatching, shown in Exhibit 3-3. implied diligent and ex

tensive use of AVM in dispatching. Any response time benefits available 

should have been revealed at this level of system use. 

A benchmark value for closest car dispatching was set during a . 

3-week special test under the Phase I version of FLAIR. Specially 

selected dispatchers and special attention to dispatch policies meant 

a very h1gh degree of adherence to the closest car dispatching policy. 

Phase II of FLAIR was operational on March 15, 1977, and it took time 

for many dispatchers--especially those whQ had not worked with the Phase I 

version-eta learn how to use the system. Maximum effectiveness of closest 

car dispatching occurred during June and July, after most dispatchers had 

learned the use of the system. but before the very frequent deployment of 

non-FLAIR cars (during August) motivated them to revert to pre-FLAIR 

dispatching strategies. The shift can be seen clearly in Exhibit 3-3. 

In addition, it is evident that dispatchers learned shortcuts to 

using FLAIR for closest car selection as sh~ by the steady growth of 

"obvious choice dispatches" during Phase II. The very busy periods of 

the summer months inspired this trend because many dispatches occurred 

when there was only one available car in a district. 

2. Simulation analysis of the limits of response time reduction. 

Employing a specially developed simulation model of police patrol and 

dispatching,15mean travel time was estimated to be'reduced by up to 25 

percent by switching from pre-AVM dispatching procedures to closest car 

15 R.C. Larson. K.W. Colton, and G.C. Larson. "Evaluation of an 
Implemented AVM S,ystem: Phase I" (Public Systems Evaluation. Inc •• 
Cambridge, 1976. pp. 203-209). Available from the National. Institute 
of Law Enforcement and Criminal Justice Library in the Law Enforcement 
Assistance Administration, Washington, D.C. 
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dispatching. However, a large fraction of this anticipated reduction 

in travel time is attributable to the relati'vely inefficient (from the 

perspective of dispatching the closest car) precinct-oriented dispatch 

strategy used prior to AVM.16 Other modeling analyses indicate that about 

the most travel time reduction that can be expected from AVM is roughly 

11 to 15 percent, not 25 percent, when compared to more conventional 

non-precinct oriented dispatch policies. The pot~ntial benefits of AVM, 

then. depend critically on the dispatching policy to which it is compared. 

Closest car dispatching is of value principally during periods of 

intermediate workload. If most cars are available, ·the closest car is 

usually the sector car and no additional benefit is derived from using 

the closest car dispatching strategy. Similarly, if only a few cars are 

available the closest one will usually be obvious to the dispatcher 

without the aid of AVM. 

By assigning the closest car to any given incident, the frequency 

of dispatching any given car to an assignment outside of its patrol 

area will be increased. The extent to which this occurs has been 

estimated through operations research modeling by Larson and Franck for 

various levels of patrol car utilization and is shown in Exhibit 3_4. 17 

According to the officers this decreases their sense of unique respon

sibility for policing their sectors. Both the increase in intersector 

workload assigned by the dispatcher and the increase in officer-initiated 

workload outside of assigned patrol beats are shown in Exhibit 3-5. 

16 In St. Louis 'a precinct is a small collection of contiguous beats, 
and each district contains two or more precincts. Dispatch preferences 
Jre given to precinct vehicles, even if a vehicle in the same district, 
but another precinct, is closer. 

17 ReCo larson and E. Franck, "Evaluating Dispatch Consequences of 
Automatic Vehicle Location in Emergency Services," Journal of Computers 
and Opevations Research, Vol. 5 (1978), pp. 11-30 (27). 
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Exhibit 3-4 
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Vehicle utilization 

* Example for a 9-car square region, taken from "Evaluating Dispatch Consequ~nces 
of Automatic Vehicle Location in Emergency Services," Journal of Computers and 
Operations Res~arch, Vol. 5 (1978), pp. 11-30 (27). . ----
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-45-· 
... 

~_ '.,...---";.,/, .. ~., ;' " '___._,"""'" =-...... .. -",,-,1 .. ~, -----"!;,~{. _ _"._"'__""___~__'_'_, _ ______.;,"'______..::...'~. !...<...~~_,. "'~~~"'~_'_ ... -----' ___ ~ __ ". c •• 



3. Phase 11 response times. Response times during 1977 are often 

longer than those for 1975 and 1'376. but the increase se~ms to be 

operationally insignificant. (A detailed breakdown of the elements 

of response time is shown in Exhibit 3-6.) Only two elements of response 

time were affected by FLAIR. While the changes in travel time are not 

unifonm in pattern from district to district, it is clear, on the whole, 

that no useful decrease in response time has been obtained in St. Louis 

through the use of FLAIR. 

a. Travel times. Overall travel time results for three test 

districts are shown in Exhibit 3-7. There was no operationally significant 

change in travel times in March and April of 1977, just after FLAIR be

came effective. Because of very large sample sizes statistically sig

nificant changes were observed when 1977 data were compared with that of 

1976: a 12.6 second increase in District 2, a 3.0 second increase in 

District 3, and a 3.6 second decrease in District 5 for April. 18 Even 

the District 5 reduction was only a 1.2% improvement and it was an 

isolated area. In general, response times were higher during the later 

months of 1977 when FLAIR~as fully operational. 

Special investigation was made into the effect of priority on travel 

times to detect changes due to FLAIR. The overall travel times reflect 

the pattern for low priority calls fairly well because most of the police 

department volume (roughly 60%) consists of such calls. In Exhibit 3-8 

the pattern for high priority calls is displeyed. While higher priority 

call travel times are lower than overall travel times, high priority 

18 
Compare this improvement with the estimated 30-second savings due 

to the installation of a direct dial phone number for complaint evaluators. 
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Exhibit 3-6 

RESPONSE TIME COMPONENTS 

Events 

1. Crime occurs 

2. Citizen calls police 

3. Complaint evaluator answers cal~ 

4. Written complaint to dispatcher 

5. Officers dispatched 

6. Officers arrive at scene 

Response Time ComPonent 

I Report.ing time 

} Telephone delay time 

I Complaint preparation time 

I ----:~:::~::-:~::----------:::::nts Affected 
by FLAIR 

I Travel time 

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

AVM has an impact only on the last two response time components: 
dispatch time and travel time. 
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travel times under FLAIR are higher than they were under pre-FLAIR 

dispatching. For high priority calls it is especially important that 

travel times be reduced and the lack of improvement here 1s disappointing. 

It is however incorrect to assign the responsibility for the observed 

increase to FLAIR--fn M~ 1911,when the system was usually not in service, 

there is no improvement over other months. 

Overall, it is clear that FLAIR did not cause an operationally 

significant decrease in travel time. The system did not achieve the 

11 to 15 percent decrease in travel time which was theoretically 

possible to achieve over normal dispatch policies. The effects 

of a myriad of other factors--workload. dispatcher experience. and 

officer motivation. in particular--can make a great enough difference 

in travel times to obscure any changes due to AVM. 

b. Dispatch times. The dispatch time results for the same 

three test districts are shgwn in Exhibit 3e9~ Dispatch times are con

Sistently higher in 1977 than in the two previous years. This appears 

to be part of a trend. hOWever. The dispatch times in 1976 are &lmost as 

consistently greater than those in 1975 as they are less than those of 

1971. The sharp peaks in July show the effects of queuing when calls 

for service arrive at the dispatcher1s desk faster than the cars can 

handle them. Dispatch times are strongly sensitive to workload fluctu

ations. 

Examining the pattern for high priority calls reveals that the use 

of priorities does have some effect--in Exhibit 3-10 the pattern of in

creasing dispatch times from year to year is not as consistent for high 
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priority calls as it is for all calls combined. But 1977 dispatch 

times remain fairly high. Because there is no consistent month-to

month pattern, it appears that FLAIR's impact on dispatch times is not 

easily distinguishable from the impacts of higher workloads Or in

experienced dispatchers. 

c. Qyeral1 resQonse time. Adding the impacts of FLAIR upon 

travel time and dispatch time to obtain those for total response time 

still does not reveal any operationally signficant change. The tendency 

for 1977 to be somewhat higher in total response time holds true for many 

of the sample months in the three sample districts, both for all calls 

together (Exhibit 3-Il) and for high priority calls (Exhibit 3-12). Both the 

travel time and the dispatch time data exhibit patterns which suggest 

that FLAIR is not a significant factor in the response time changes that 

were observed. 

4. Phase I special test results. Response times, particularly travel 

times, also received extensive attention in the Phase I special test. In 

order to dete~ine the effect of FLAIR on travel times, the September 1975 

test period was compared to its seasonally closest non-FLAIR counterpart, 

September 1974. Travel times were compared on a category-by-category 

basis, as shown in Exhibit 3-13, for 29 categories of incidents plus an 

overall total. Overall,!he test district trav~l time dropped 15 percent 

from September 1974 to the September 1975 test period. This drop cor~e

sponded to a reduction in absolute travel times from 5.60 minutes to 4.74 

minutes (or a drop of 52 seconds). While the test district figures may be 

impressive, it is noteworthy that non-AVM city-wide average travel time 
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Exhibit 3 .. 13 
I· _ 

PHASE I TRAVEL TIME CHANGES 
(Travel time of September 1914 minus travel time 

of September 1975 test per1odr[1n minutes]) 

, 
District 3 Ci tY-J!ts!' 

(minutes) eS) (minutes) (S) 

Robbery -0.71 -23 -0.16 - 4 
Assault 1.16 27 0.83* 20 
Burglary 0.28 6 0.55* 12 
Larceny 1.16* 20 0.59* 11 
Auto Theft 0.99 15 0.09* 1 
Destruction Gf Property 1.47 23 0.58 10 
Sex Offense 1.50 30 0.27 - 7 
Flourishing 0.55* 14 0.41* 15 
Person Down 1.25 24 0.65* 14 
Disturbance 0.65* 13 O.S()* 10 
Traffic Violation 1.13 11 0.76* 10 
Alann Sounding 0.92* 20 0.45* 12 
Injury 1.33 24 1.21* 23 
Fire 0.50* 12 0.17 4 
Accident .. 0.11 - 2 0.39 7 
Animal Case -0.76 -11 0.32 5 
Sick Case 0.56 13 0:49 10 
Death 4.01 41 1.82 21 
Assist 0.50* • 10 0.82* 14 
Misc~11aneous Hazard 1.08 14 0.62* 10 
Ca 11 for Po 11 ce 1.11 34 0.48* 12 
SuspieiOtA' 0.44 8 0.11 2 
Addition,' Information 1.59 24 0.50 8 

TOTAL 0.84* 15 0.51* 11 

* St,tf.tfG,lly significant at 90% level according to ~dtf4ed ,T-test • 
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also decreased in a statistically significant way during the same period. 

The drop was from 5.18 minutes (September 1974) to 4:72 minutes (test 

period). or a drop of 11 percent (34 seconds). Moreover, city-wide 

figures show statistically significant reductions in more specific 

response-type categories than the test distr.ict response times. Neither 

the test district nor the city as a whole showed any significant increase. 

Given these results it is difficult to attribute more than 4% of the 15% 

reduction (corresponding to 14 seconds) to the presence of FLAIR. 

5. Response time as an AVM objective. The results of a careful 

examination of response time show no operationally s19nific~nt reduction 

due to the use of FLAIR. This is in s~1te of comparatively careful 

adherence to the closest car dispatching policies through which AVM 

should have1ts effect on response time. As discussed previously, a 

simulation analysis of the potential benefits of closest car dispatching 

reveals that its effects are limited to an 11% to 15% improvement in travel 

time over the pre-AVM dispatching strategies. Even this limited benefit 

assumes complete compliance with" the closest car dispatching policies and 

the use of an" accurate system. 

A recent study of the importance of response time to police operations 

in Kansas City found' that 1n many cases a short respons~ time is not a 

uniquely important objective for policing. 19 An of these factors lead 

to th~'conclusion that r.sponse time reductions are not the most important 

capability of an AVM system. 

1 ~ Marvin L. Van Kirk. "Response Time Analysis - Executive Sutrmary" 
(Kansas City, Missouri Police Department. 1977)g p. 23. 
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Even though FLAIR has not shown significant reduction in response 

time\) and the Kansas City report indicates a response time reducti.on may 

not result in the apprehension of more criminals (due to reporting time 

and other considerations), these findings should not be,interpreted to 

mean that rapid response has no ~alue. The public expects quick 

response and for some extraordinary events rapid response can result 

in possible apprehension of criminals as well as finding ~~re witnesses. 

This is particularly applicable to alarm-triggered and in-process events, 

such as pursuits and burglaries. For this reason, along with others, the 

St. Louis Metropolitan Police Department has elected to continue the use 

of closest car dispatching for high priority calls even though the sector 

car concept has been reinstated for dispatching the vast majority of routine 

calls. 

B. Of~icer Safety Results 

To facilitate the process of signaling the dispatcher in an emergency, 

FLAIR is equipped with a special button in each vehicle which will alert 

the dispatcher in three w~s (two visual cues and an audible alert tone) 

without requiring the use of the voice radio. Unfortunately, the poor 

accuracy performance of the FLAIR system has meant that its location in

formation is not reliable enough to use in the life-or-death situations 

which officer emergencies may often be. Most officers prefer to rely on 

the voice radio, but may also activate the emergency FLAIR button. 

Three features of FLAIR contributed to possible officer safety 

improvements: 
• accuracy, 
• use of the special emergency button. and 
• the availability of the digital code transmitter 

as a backup for voice radio communication. 
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There were s~ performance problems with the first two features; the 

digital code feature was generally quite reliable. 

1. Accurac~. Accuracy was an important factor in FLAIR's contribution 

to officer safety. Should trouble occur. an officer could depend upon'Deople 

knowing where to find him. or at least his car. If the accuracy objective 

of dfspl,y1ng 95% of the cars within 300 feet of their position was ach~eved. 

positions could still be as much as a block off for a few cars. But as 1t 

turned out. only 55% of the cars were shown-by FLAIR within 300 feet of 

their actual pOSitions. While the officers were not aware of this. they 

were aware of the large n~mber of position updates that FLAIR required and 

they arrived at the conclusion that FLAIR's accuracy was of questionable 

value when considering their safety. 

2. Use of the emergency buttoJl. The special emergency button provided 

in the car gave immediate audio and visual signals when pressed in order to 

command the dispatcher's attention. It was used with considerable regularity. 

as indicated in Exhibit 3-14. However. many of these uses represented tests, 

defective equipment. and false alarms. Genuine emergenc1e~ reported through 

FLAIR have included automobile accidents a pursuits. a~ officer who discovered 

a seriously ill person who seemed to have been shot, and (once during Phase I) 

when an officer was fired upon. During the period of June 22 to August 2, 

1977. six genuine emergencies were relayed using FLAIR. 

3. Use of digital communications. The digttal communications feature 

did serve its function as an alternative to the voice radio system~ When 

serious situations arose. officers could sen~ a code in~icating that they 

needed to talk to the dispatcher in order to get the dispatcher's attention 
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when the radio channel was busy. Other codes affecting officer safety 

can be sent when on a high speed chase or when checking an occupied car. 

4. False alirml. The testing the system received as a l"esult of 

the frequent false alanms was revealing.. During the June 22 to August 2, 

1977 period, 96 vehicle -reported emergencies were transmitted--93.8% of 

which were false alanms. In 56:4% of these false alarms and in three of 

the six genuine emergencies occurring during the sample period, the dis

patcher felt that FLAIR reported the wrong l~cation for the veh1cle. 20 

On a form filled out for each emergency, dispatchers w~re asked to report 

whether FLAIR was a help or a hindrance. Most of them reported the system 

was a hindrance when it did not report an accurate location during the 

emergency. 21 

5" Officer perceptions. On the questionnair·e ..... distributed toward 

the end of the Phase II evaluation--both officers and dispatchers indicated 

that FLAIR could not locate a patrol car in an emergency most of the time 

and that officers should not rely on the FLAIR emergt~ncy button alone for 

emergency assistance. This can be seen in Exhibit 3M 1S. Such low levels 

of· confidence and inclination to use the system constitlJte the assessment 

of FLAIR's value for officer safety by those whose safety will be most 

affected. Initial response to the system inciuded the r.esponse IIIf it 

saves even one offi.cer' s life, it I S worth whatever' it cost,s. II Poor accuracy 

20 Data from the 6/22/77 to 8/2/77 sample. N=78. 

2~ When the location '~as correct (N=20) 90% felt FLAIR was a help and 
10% felt it was a hindrance; however, when the location was lncorrect (N=43) 
18.6% ~elt FLAIR ~ii;S!~ a help and 81.4% felt it was a hindrance •. 
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Exhibit 3 .. 15 -
Percelve4-0fficer Safetl ~ith FLAIR 

How much of the time clo you think the FLAIR system would accurately 
locate a patrol car in an emergency? 

Officers Dispatchers 
Percent Answering (N=482) (N=39) 

Almost all of the time 4.4% 7.7% 
Mos,t of the time 10.0 5.1 
Some of the time 38.6 30.8 
Not much of the time 47.1 56.4 

(a) Confidence in FLAIR 

In the event of an emergency, should an officer activate the FLAIR 
emergency button, call the dispatcher on the voice channel, or both? 

Percent Answering 

Activate FLAIR emergency button 
Contact dispatcher on voice channel 
Both 

(b) Inclination to use FLAIR 
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has fostered the opinion that the system is likely to cause more trouble 

than it prevents. 

Situations threatening an officer1s safety are most likely to occur 

in a fashion that limits the likelihood of a natural use of FLAIRls 

emergency button. Quite often such situations occur outside the car. 

Originally FLAIR was to have a button for each officer1s belt that would 

trigger the emergency system in his car 'to alert the dispatcher, but that 

option was cut back because of cost. However, many officers feel that this 

emergency button on the belt would be the most important feature: IIIf 

you're on the 8th floor in one of those projects trying to handle a 

don~stic dispute. you canlt just send somebody down to the car to press 

the emergency buttorl when thi ngs get hot. II 

Because officers are accustomed to relying on their radios and are 
~; , 

aware that the radio is a proven source of help. it is natural to use the 

radio in stressful situations. Therefore, many of the emergencies observed 

by the evaluator were reported by voice radio rather than by FLAIR. 

6. Officer safety results. No traumatic injuries of officers occurred 

in FLAIR-equipped cars that could have been prevented by bette~ communications, 

and no officers lost their. lives during the experimental period. These 

results refl~ct the care with which St. Louis officers approach their jobs 

and also indicate that FLAIR did not receive extensive testing in real life 

officer safety application. 

With better accuracy. an AVM system could make a contribution to 

officer safety even though FLAIR in its current fOfm does not seem to do 

so. .It can be concluded that such benefits will be real but limited. 
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Closest car dispa~ching can do little to increase the speed of response 

to officer emergencies compared with the APB method of sending assistance. 

But, an accurate AVM system can help to identify the proper location of 

an officer who may be incoherent or incapacitated as a result of excite

ment or danger, and the digital code system 1s of some value as a backup 

for the regular voice channel. Any city that elects to install an AVM 

system should make careful provision for applying the system's capabilities 

to officer safety in recognized emergencies. 

C. Digital Communication Results 

A non-spatial feature of FLAIR is the digital coded message feature 

which has been integrated into the system. By sending such a message 

from a calculator-like panel in the car an officer can convey information 

to a status listing on the dispatcher's display without interrupting the 

dispatcher's current voice radio activities. Many of the coded messages 

affect the in-service/out-of-service designation of the car on the screen, 

including codes to indicate the priority of an assignment, time arrived 

at scene, and disposition upon clearing. A complete list is shown in 

Exhibit 3-16. Several codes are available to interrupt the dispatcher 

for an emergency or for pursuits so that officers are not at the mercy 

of the voice channel. Each of these coded messages serves to reduce the 

amount of information that has to be conveyed over the voice channel, 

and to provide an alternative t~ the voice channel when officers need 

immediate dispatcher attention. 

1. Level of digital code use. The.~ode system of communication was 

already in use on the voice channels before FLAIR was installed in St. Louis 
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so that it was relatively simple for the officers to switch to the. LIse of 

the transmitter panel a This took a bit of extra concentration at first 

as compared to the voice microphone, but specific orders from the su~er

visors and reminders from the dispatchers encouraged compliance. 

Extensive use of the FLAIR digital code feature is refected in 

Exhibit 3-17. Each car sent an average of more than 32 digital codes 

on every shift. This is not surprising since the cars send 3 codes fo~ 

each of the incidents they handle, plus 2 more codes for each self-initiated 

or intradepartmental activity. Since it was more complicated for dispatchers 

to enter status information after a voice radio request than for them to 

tell the officers to use their code panels, use of the system was carefully 

enforced. 

2. Digital communication results. Digital communications show 

promising potential for law enforcement applications. in the following 

areas: 

• dispatcher control of the voice channel. 
• better communications during high volume 

periods, and 
• • reduced voice channel conge~tion. 

Each of these potential benefits is important and contributes to efficient 

and pr'ofessional communications practices. 

a •. Dispatcher control of voice channel. The display of digital 

messages appears on the dispatch~r's screen when sent by the car and remains 

until it is acknowledged by the dispatcher before it is cleared. This means 

that dispatchers have an unprecedented increase in control over th~ traffic 

on the voice channels. Dispatchers now acknowledge calls requiring further 
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information in some priority order--for example, a dispatcher can elect 

to receive information from an officer who has stopped a suspicious 

vehicle before he ,"esponds to a request for a lunch break. Further, if 

a dispatcher needs to complete an off-the-air task or wants a brief rest 

break, he allows messages of minor importance to build up on the screen 

for a minute or two. An audible and visual signal will be actuated to 

alert him of any emergency messages received during such a period. This 

kind of use of the system occurred regularly and consistently during all 

evaluator observations. The dispatchers learn this naturally without any 

special training. 

b. Better communications during hi~h volume periods. Because 

the system can provide communication to the dispatcher at times when the 

radio channel is not available, it increases the productivity of the field 

units. The voice channel tends to become clogged when it is most needed 

during extremely busy periods. Digital communication allows the 

dispatcher to quickly recognize units as they become available for 

use in situations when they are most needed • 

. c. Reduced voice channel congestion. Congestion on the voice 

channel has been reduced by the use of digital transmissions. Not only 

have many verbal messages been eliminated entirely (arriving at scene, 

stopping for fuel, returning to headquarters, e~c.), but the process of 

calling the dispatcher and establishing unit identity has been greatly 

curtailed. This means a reduction of 3 to 5 seconds per radio conversa

tion on channels with many thousands of conversations per day. For a 

channel with 2188 digital conversations per day, 22 a 3-second reduction 

22April 3 to September 3, 1977 sample • 
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D. Command and Control 

FLAIR provides dispatchers with a visual display of the spatial 

configuration of the patrol units responsible to them. This is the 

information that is necessary for the strategic deploym~mt of units during 

a high priority operations such as a pursuit, sealing off an area around 

a crime site, or responding to a large disturbance. These are the 

dramatic situations first brought to mind by the mention of police 

command and control. More generally, police command and control includes 

all dispatcher-directed operations: 

• A~signing cars to incidents either by d'i rected 
dispatching or by means of an APB announcement. 

• Controlling the response patt~rn as in pursuits 
or sealing off arl area. 

• Redistributing resources betweeh patrol areas 
on a temporary basis. 

Through improved comnamd and control a department could hope to increase 

I sriminal apprehensions; increase general public safety, and improve ef

fi~iency in emergency s'ltuations. 

;, 

1. Use of FLAIR to direct the placeme,nt of L~!J..1~~. FLAIR's capabilities 

provide the dispatcher with new information thus enabling him to ~ke better 

and quicker decisions which in turn will enhance patrol effectiveil!i!ss. 

For the ~ore ordinary events, some examples are: . 
• A deliberate dispatch of a non-closest car may be advantageous, 

if that officer~s capabilities are a better match to the needs 
at the scene. For exampie, for a family dispute, an officer 
trained in handling these problems could be cpnsidered a ' 
favorable trade-off ·for somewhat longer respon~~ time. 

e Ce~tain types of incidents--such as an occupied car check~
requjre a two-man response. The FLAIR display,by identifying 
location and identity of one·· and two-man cars,enables the 
dispatcher to decide whether to dispatch 2 one-man cars or 
1 two-man ca r. 
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For extraordinary events, some illustrations include: 

• A pursuit: Using FLAIR a dispatcher selects ava1lable cars 
in the path of the pursuit and directs their placement for 
most probable intercept as compared to the now prevailing 
practice of USing an APB for this typeoT event. The APB 
method 'is bQth inefficient and ineffective as practiced in 
St. Louis--too many cars respond, too many accidents occur, 
and too few chased cars are intercepted. Some limited success 
has been demonstrated in using the directed approach by a few 
of the better dispatchers who have'shown the initiative to 
direct a chase for possible intercept. To date, there has 
been no departmental directive to.discontinue the APB method. 
Before the directed approach can be successfully adopted, 
certain steps should be taken--such as, establishing a 'city-wide 
dispatch consol. where one dispatcher can cover the entire city 
for the type of events that ~an extend beyond district boundaries; 
the training of special dispa'tchers in techniques of tactical and 
strategic deployment of the force; ~nd improved accuracy of the 
AVM system. 

• Sealj!!SLpff a1'. area where a robbery or burglary is in process. 
The dfspatcher selects cars near strategic intersections that 
surround the site for rapid deployment to those locations. In 
some police depa~nts, not equipped with AVM, such as in 
Philadelphia, an extensive planning effort was used to design 
a system for surrounding any area of the city in which 
a high priority incident occurred. The increase in apprehensions 
whi ch resul ted from the use of the system was limi ted and many 
dispatchers felt the amount of manpower required was excessive 
given the benefits obtained. Any greater success by an AV~ 
controlled process would derive from more rapid placement of 
perhaps fewer vehicles made possible by their known location. 
Here again. a city-wide console would be re~uired for incidents 
involving two or more districts.. The dispatcher should be trained 
in methods of rapid and effectiv'e deployment. 
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• Dynamic allocation of patrol resources.· On not so rare 

occasions, Qne or two police districts can.become stripped 
of their available units due to a heavy call-for-service 
workload whileotheu' d1.stricts may be experiencing a compa
ratively 1 ight w9rkload. AVM provides the means, not on.1y 
of identifying such situations, but ~f locating available 
units in nearby aistricts for temporary assignment to the 
high workload area. Benefits that rna,)' accrue fnclude the 
effect of maintaining a patrol presence and/o~ the reduction 
of the c~11s for service queuing level in the high workload 
area; adverse effects may develop becau:se police cOll1l1ands 
could resist the sharing of their. force with those in 
other districts, even if onl)1 temporarily. Implementation 
of this concept. was not attempted during Phase n aithough 
several higher ranking officers indicated their awareness 
of the potential benefits that c~uld develop. 

2. Use of FLAIR to achieve efficienc~. Alert dispatchers hava shown 

the initiative to use FLAIR for selecting the closest few cars to an in

process incident and limit the assignment to those units. Previously, an 

All Points Broadcast would have been issued and !ll available units would 

have responded. This new practice allows di.starit units to remain effective 

as patrol cars. It also preserves a reasonable distribution of units 

throughout the district so that travel times are not greatly increased 

for subsequent incidents. An extreme example of what can happen, if such 

command an~ control is not exercised, occurred during Phase II: 26 cars 

were involved in an APB pursuit on an interstate highway,and several 9f 

them were demolished in a,ccidents during a Single chase in e:arly Spring 1977 ~ 

In··depth interviews with patrol supervisors during Phase II revealed 

considerable support for FLAIR's potential in cOlmland and control situations. 
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One lieutenant mentioned that. "an experienced patrol sergeant in cOltTRuni

cation can estimate the number of cars required for a major situation 

and the amount of on .. site supervision which is Hkely to be needed." 

However. a \'/idespread lack of super·,isor awareness remains a problem. 

3. Command and Control as an AVM objectiv~. For the command and 

control potential to be realized, FLAIR accuracy must be improved and 

some modifications in police policies and organization should be made. 

Examples of such changes are: 

(1) Create a city-wide console for use in d'irected dispatch 
for certain extraordinary events- that may encompass more 
than one district. 

(2) Undertake a dispatcher training program to develop dis
patch techniques for pursuits. sealing off an area, 
disturbances, and temporary reallocation of the force. 
A training method that should be considered is hands-on 
experience in the conduct of directed dispatch of mock 
(fire~dril1 type) experiments, conducted perhaps in the 
early morning hours. 

(3) Issue new directives on the use of APB and dynamic 
allocation of the force. 

Extension of command a~d control by ado~ting ~~lice policies and methods 

to more fully utilize AVM capabilities can, it is believed t be effective 

in improving police results and in making the police force more productive. 

r~ore testing of FLAIR is required to assess its effect on raal-time conl1iand 

and control. 

E. Supervision of the Patrol Force 

The FLAIR displays of spatial deployment and status information ~ar. 

be used for supervisory purposes. Even the possibility of such a use 

causes officers to be more conscious of their patrol conduct. They are 
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aware that their movements can be monitored. In'! w~, the poor 

accuracy of the FLAIR system was useful in developing th1s image, 

because when a dispatcher verifies a "lost" car's location (FLAIR 

check), the patrol officer--after stopping at the next convenient 

intersection ..... announce$ his location over the voice radio for all 

to hear. It'can be embarrassing to be taught too often at some dis u 

tance from onels assigned area, without reason. 

1. The fear of AVM. Early in the evaluation there was general 

concem that officers would d~velop a fear of being watched (thellbig

brother .. is-wa'tching"syndrome) and therefore would resort to acts of 

subversion or othe':'Wise be uncooperative (e. g. , reporting incorrect 

location at a FLAIR check). In fact, during Phase I and in the early 

stages of Phase II considerable evidence of such undesirable conduct 

occurred: a number of officers might simultaneously give the 

IIraspberries sound" over the voice radio if the dispatcher should 

announce that a car is lost in the Mississippi River (the dispatchers 

, quickly learned not to use that approach); or other officers might 

attack the FLAIR digital panel with a night stick (heard over the .. 
voice radio) if stopped too often for a FLAIR check. As confirmed 

by the questionnaires,26 there is no question that the officers', 

greatest concern in the application of AVM was that it would be used 

as an inspection tool ,to obtain evidence of improper conduct leading 

to disciplinary action. 

26 See Chapter IV of this report, pp. 82,83. 
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2. Police training in the dispatch process. The SLMPD management 

recognized the possible long range consequences of this AVM fear if left 

unattended. To help turn these attitudes around an open-door policy was 

established at the cOflIIlunication center so that office,-s could drop in 

and watch the dispatchers. A more positive action was·'to undertake a 

program where each lieutenant, sergeant. and officer in the force spent 

6. 4, and 2 hours, respectively, with their dispatchers to learn first-

hand the operation and use of AVM, after which each one wrote a (candid) memo

randum to his superior stating reactions and comments. 27 'rhis program proved 

very successful in exposing the real use'of the system: some recognized 

that in various police situations 'it can be advantageous for tbe 

dispatcher to know officer locations; the officers witnessed the dispatch 

process and recognized the dispatcher had no time (nor inclination) to 

monitor the travels of any particular car; a~d perhaps the most universal 

response related to the job (under stres$) that the dispatchers were 

'performing in a very efficient manner. This program seemed effective 

in removing the mYstery of the AVM system (and some of the fear)~ initiated 

more frequent use of the self.initiaiiz1ng feature, and increased the 

respect that officers (and'comma~d staff) have for the dispatcher. 

3. AV~1 as a hidden superv]so.r.. Officers and dispatchers opinions 

of how FLAIR has influenced the behavior of patrol officers is indicated 

by a questionnaire administered near the end of the evaluation period, 

and is l1lus..tr'ated in Exhibit 3-19. 80th officers and dispatchers 

indicate that patrol cars leave the~r district less frequently, officers 

show.fewer improper activities while dispatchers show a slight inctease 

2'1 
A random sample of offi.cer replies is included in Exhibit 3.18. 
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Exhibit 3-18 

Random Officer Memoranda 
AVM-Diseatcher Observatfc)ns 

=' 

Sfr: The FLAIR operation appears to t.e a iooseful police tool. 
I hope the numerous FtA''t chec:1ts (vertftcatton~) (:In be eU.t
nated. I am ~n favor 0\ tt~ present and continued use as long 
as' the cost of same does not cause tI reduction in I11l19OWf!r 
(allowed ntlllber of poHce officers) or in their salary or 
future pay raises. 

~,~ .. ~---------~-----.-----------------------------
Sir:' Ifave attended the ·nAIR traint~ and found it infonutive. 
This system has many fa"lt5 and still needs ll1Provetllents. I can't 
see its usefulness to Iq)Iself In its present stage. Would enjoy 
seeing it operate correctly and see its benefits tD crime pre
vention and officei"' safety as I was infol'llled in the beginning is 
its purpose. 

• ·£.oa".&..I.& .. ..-....n,a·-...-·a.'..6,I,'...,., ... · ........ • .. _· .... _____ ...... __ 

Sir: Relative to ~ 2-hct~r training session of FLAIR this date 
wish to state that I found the training to be interesting and 
informative. Realizing the problelS the dispatchers have in 
locating cars has mde IDe realize the illlPOrtance of initiating 
as often as possible. I personnally feel the syste. is a good 
one. however tM lllalfunctfon of the equlplleRt in the cars SC!i!1IS 
to be a major problea. 

Sir: FLAIR seems to need mo~ wort. I also think it will tate 
time and effort to perfect the FLAIR sys1:etI. FLAIR Mens the 
cooperation of the dispatcher ar~ the cfficer working in the 

. field working together. I like the cod!! systell, it see!ilS to work 
out well. but the tracking system needs tile bugs taken out. The 
dispatcher I worked with for two hours se~ to be ver,y sharp. 
Two hours with a systeM as cOlpl1cated as fLAIR doesn't teach 
you much except the concept of lIoN it writs. I feel it will be 

I a ver,y useful tool to the St. Louis Poltce Deparblent when it is 
perfected. _ 

S1r: I feel the flAIR systela !las g.reat potential in poUce work 
today and definitely in the future. However. I was extretaely 
disappointed tn the location IeC~ntsR of this instruMent. This 
part 1s accurate only about one-half of the tillte and needs to be 
corrected before the officers on the street will have iny con
fidtnce 1n the systC!ftl. I feel tite code systEIII is of the utlllost 
h&lp and fer this reason ~ione ! think 1t malces FLAIR worth:!lhtle. 

Sir: Respectfully wish to state that I am not particularly 
tl!lpressed with the FLAIR prograR. What tiE is saved on the 
at r on one end SeE!IIS to be surrendered on the other by making 
constant verifications. I do like the capability to trl~ a car 
during a pursuit asstlltng the cOIIIPuter is tracking correctly. I 
don't think it could ever Justify the cost • 

Sir: After viewing FLAIR vfa fLAIR trllntng~ it 1s II)' opinion 
that flAIR is not serving any purpose other than codes sent. 
The systelll of sending codes is very good however, the trackIng' 
system si .. lY does·not work. therefore I think the whole progr. 
is a Maste of l!IOI'Iey. Also too uny cars with FLAIR ~. 

-.-.......af •• __ ·_== = ~. On 

Sir: Respectfully w-1sh to state for your tnfol'll:Citfon I believe 
that FLAIR is a good thing when It works. It hi it good way tOft 
keep track of district cars and the closest tar to ~n Isstgnaent. 
I do belhlVe it would be liked by IIOre offtcers If there were 
less FlAIR checkS. "' CORing to communications t~;has given 
me ill better fdea of hew FLAIR works. Any chanS'!s in the .pro
cedures should .alee another visit to communications necessar,y 
for all officers. 

I 
'-
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Exhibit 3 .. 19 -
Effect of AVM on Officer Behavior 

Remembering that FLAIR provides dispatchers with the location of ~ll 
patrol vehicles, do you think that FLAIR has made a difference in the I 

following areas?· 

Officer Re~ponses 

-Percent Answering 

a. Patrol cars leaving their district 

b. Patrol cars leaving their beat 

c. Improper patrol activ1tie!& 

* remainder of officer$ indicated "no change" 

D1se&tcher Responses 

Percent Answering 

a. Patrol cars leaving their district 

b. Patrol cars leaving their beat 

c. Improper patrol activities 

d. Cars bunching up 

e. Cars remaining stationary for long 
periods of time 

* 

Increased* 

8.8% 

15.3% 

11.1% 

Increased* 

5.4% 

27.B% 

18.9% 

10.8% 

10.8% 

Decreased* 

21.6 

15.7 

20.5 

Decreased* 

24.3 

13.9 

'~6.2 

16.2 

16.2 

remainder of dispatchers indicated "no change" or "don't know" 
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(perhaps influenced by raspberry calls) and dispatchers show less 

bunching of cars and fewer cars remaining stationary for long periods. 

In all, this reveals that FLAIR perforr.~ the function of a hidden· 

supervis~p. It is probable .that this effect will become more pro

nounced with a more accurate system and after implementing other programs 

to more effectively use AVM. 

4. Monitoring vehicle status. The FLAIR system provides a we:.llth 

of information that can be used to develop measures of patrol effective

ness. By observing the display at the 4:i'ty-wide console, one can identify 

the cars crJaitabZe fo~ caZZ and those not avaiZab~e for caZl; those in 

their assigned area. out of the area or at the station; and those cars 

located out of their district. An example of such an observation, made 

by a PSE evaluator, is shown in Exhibit 3-20. The objective of such 

an analysis would be to relate the car status to measures of police 

effectiveness. For example~ 14.5% of all cars (Exhibit 3-20) were 

out bf the district and 38.2% of cars available for eall were out of 

their ass'igned area. ihese indicators could be reflecting poor effective-

ne~s. Measuring such status categories, perhaps by districts randomly 

taK€n several times a shift, can develop performance patterns and com

parisons between districts. Such patterns (or trends ) lill1d comparisons 

can be useful to the supervisor for improving the effectiveness of his 

officers. 

To maximize the benefits of such information more attention needs 

to be directed to the type of data that would best reflect the v'e'iative 

effe~tiveness of the force. For example, under the Unot-avai,lab'}e-for

can" category, those cars responding to or serv~lcing a call ure now 
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Exhibit 3-20 -.. 

Sample Supervisory Status Information 
i 

"fotal Sample 

124 cars 100% .. 
T 

At Station I 
23 33.8% 

In Area 
I 1:( 25.0% 

Not available fer I 
can 

56 cars 45.2% 

I 
,I 

I Out of Areal 
I 36 64.3% 

-] I I At Station 
. 6 10.7r 

Out of Districtl, 
~10 .}' 27.8% 

/;-;, ~ 
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'visually identified on the screen by H (high pr~ority) or L (low priority) 

c:odes, and can be tabulated separatel:v as a percentage of the total. Ex

tending such visual codes to reflect t)ther status conditions is also 

p1ossible. 

As previously stated, AVf.'1 serves as a hidden supervisor, apparently 

ci\us'ing (most) officers to be on their' better behavior, because they 

know that they ~ be watched. What, then, would happen if they knew 

thilt they ~ being watched? If such awareness could be established 

without the implication of being spied upon, perhaps positive results 

would develop. The relatively poor perfonnance of the FLAIR system has 

made it necessary for the dispatchers to request "FLAIR checks" when the 

computer suspects a car to be lost. This in turn requires the officer 

to announce, via the voice rad'lo, his locution, and creates an awareness 

that he is being watched. Perhaps such a low-key inquiry can be continued 

even after the system accuracy ilmproves, and even for AVM systems not 

requiring reinitializations. The police department could establish a 

policy for' continuous, though in1l:requent, accuracy checks on their 

system which perhaps could favor those cars that have been out of their 

area for an extended period, cars that are bunched, etc. Such an experi

ment could be conducted from the city-wide console. The results could 

be ~ more effective and productive force. 
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Chapter IV 

ANALYSIS OF ATTITUDES TOWARDS FLAIR 

The attitudes of the people in the St. Louis Police Department who 

have worked with the FLAIR AVM system are an important source of info~ation 

about the value of the system and the way it is operated. The facts of their 

day to day experience with FLAIR have been sUl1111ar'lzed in the two previous 

chapters which addressed the technol~gy of the system and its effects on 

MPO operations. This chapter reports on t~e opinions that developed from 
28 thi s experience. I't will 

• indic~te how well FLAIR has been. accepted as 
a new idea, 

• ccnfinn the results of ear'lier discussions 
of the five operational objectives of FLAIR, and 

• revil!w FLAIR' s future potential. 

Relevant opinions were gathered by means of structured questionnaires, 

participant observations among patrol officers and dispatchers, from 

interviews with key command personnel, and from memoranda written by 

officers, sergeants and lieutenants t after spending 2 to 6 hours with 

their d1spltchers learning how FLAIR was being used. 

2. The methods used to gather these opinions included: 
& A questionnaire survey of 516 officers (54.5% of the force) and 49 

dispatchers (67.1%) before~ Phase II of FLAIR. 
• A questionnaire survey of 493 officers (52.1% of the force) and 40 

dispatchers (54.~) after Phase 11 of FLAIR had been operating for 
six months. 

• A participant observer spent several hours riding in the patrol car 
of each of 15 offieers and conducting informally structured interviews. 

• A participant observer spent several hours observing the dispatching 
activities of about 50 dispatchers on all 6 dispatching consoles. 

• Structured interviews were conducted with 13 sergeants and lieutenants. 

- -- ;, 
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The objective assessmemsof FLAIR's performance in the two previous 

chapters have indicated a number of disappointments. The opinions of the 

MPD personnel who have worked with ~he system also reflect these dis

appointments while at the sa~1me indicating that the situation is not 

completely hopeless. Many peop,e expressed the opinion that tlFLAIR 

would be great if it worked the way it was !;upposed to.1t However, they 

also expressed a need for improved performance in essentially every aspect 

of FLAIR operations that depended on locations: 

.. response time, 

.. officer safety, 
.. command and control, and 
.. improved supervision. 

The use of digital communications. which did not depend on locations, was 

well received. In essense, the personnel who reHed upon FLAIR on a day 

to day basis felt strongly that continued use of the system would be 

beneficial if perf o Mmance was improved. 

A. Overall Attitudes Towards FL~ 

When asked to give an overall opinion of FLAIR, most of the dis

patchers and pol ice officers in St. Louis tended tiD be more negative 

than positive in tfieir assessments. This opinion 'rlas widely held dispite 

an initial belief that the system would be a good ildea. Perfonnance 

simply did not meet earlier officer or dispatcher Elxpectations. None

theless, many people felt that if the system Showed better perfonmance, 

particularly in terms of accuracy, it would be a valuable tool for 

policing. In the -hope of providing satisfactory performance, changes to 

improve·accur:~cy are being implemented as this repolrt is being finalized 

and after the questionnaire survey was completed (see par. C.4, Chapter III) • 
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1. Summary opinion of FLAIR. Near the end of Phase II, MPD 
i 

officers and dispatchers completed a detailed questionnaire about 

the FLAIR system. They wer"! asked "In general. do you think it is a 

good idea or not a good idea to have the FLAIR system in St. Louis?" 

Among the officers 72.0% s~id "not a good idea," and 53.8% of the 

dispatchers felt the same. 

This evolution in the reaction of police officers to FLAIR is ap

parent in Exhibit 4.1. At the outset of the project. attitudes were 

generally pos'itive, but as perionnance problems develope~, this support 

declined during both Phase I and Phase II. Dispatchers and Third District 

officers were exposed to enthusiastic FLAIR training before Phase I, but 

actual performance did not live up to their expectations. Their opinion of 

the system declined, and toward the end of Phase 1 officers in the Third 

District held the same slightly negative opinions as the officers in 

the Fifth District who had no exposure to FLAIR until Phase II. During 

Phase II dispatchers and the the Third District officers showed an ad

ditional decline while the Fifth District control group showed no 

substantial change. ~ p~ reason for the diffe~nce in the initial 

opinions of Thiztd and Fifth Distztict officel's h1aS the encoU1'aging 83:

planation of FLAIR provided only to Third Dist'l'ict officel's in Phase I 

and leal'S among uninformed of/weI'S in the depa'l'tment that FLAIR's main 

p~ose was to serve as a toot fol' inspection and discipline. 

It seems that attitudes toward FLAIR would have been much more 

negative if it had been used to gather evidence against officers for 

leaving their district. gathering in bunches. or engaging in other 

improper patrol activities. These fears dissipated and the percentage 
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Exhibit 4-1 

Attitudes Toward FLAIR Over Time 

In general, do you think it is a good idea or not a good idea to have 
the FLAIR system in St. Louis? 

Before During Before During 
Diseatchers FLAIR Phase I Phase II Phase II 

Jil, 1975 JCI1Y W75 Au~ust 11976 se~~. 11~77 Percent Answering: N1II32) N=45 N=49 N=40 

Good Idea 76.7% 58.5% 51.2% 46.2% 

Not a Good Idea 23.3 41.5 48.8 53.8 

{-



of officers who thought disciplinary abuses would be a serious problem 

area for FLAIR dropped from 30~5% to 17.4% during Phase II. The 

officers decided that FLAIR was insufficiently accurate to be used in 

the ways they anticipated it would be used. Over the long run, acr.uracy 

problems have been the crux of attitude issues in St. Louis because 

poor accuracy has resulted in minimized effectiveness of the F~AIR 

system in many operational areas. In the words of one lieutenant, "The 

guys like FLAIR; it just doesnlt work." 

2. Perceived dependability of FLAIR. Specific results from the 

survey questionnaires indicate that officers and dispatchers have little 

confidence in the accuracy of the system. Fully 85.7% of the officers 

and 87.2% of the dispatchers did not feel that FLAIR could locate an 

officer in case of an emergency "almost all of the time" or "most of 

the time. 1I This represents a significant loss of confidence from Phase 

It when 28.6% of officers in both test districts (3 and 5) felt that 

FLAIR could locate them at least most of the time. The officers l 

opinions are a fairly appropriate assessment of the actual accuracy 

of the system indicated in Exhibit 2.1. Their estimations ~re developed 

from the frequency of FLAIR checks and the inaccuracy apparent when 

dispatchers tell them where FLAIR indicates their pOSition for a traffic 

stop. 

When asked about the roots of FLAIRss accuracy problems a consensus 

of officers and dispatchers held that equipment and computer difficulties 

were the largest area of concern~ followed by lack of supp~\rt ahd other 

problems both on the street and in communications. Disciplinary abuses 

and difficulty in operating the system were not thought to be such serious 

problems, as illustrated i" Exhibit 4.2. 
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Exhibit 4-2 

Perceived FLAIR Problem Ar.!!lt 

~es~ion: Below are listed several problem areas the FLAIR syst~n 
has encountered. Please indicate how much of a problem you think 
each has been.* 

:& T - - -Patrol Officers I Dispatchers - -

I 

, ~, 

1976 1977 1976 
Percent Answering "Serious Problem" (N: 385) (N: 493) (N: 49) -
Equipment & computer problems 58.0% 68,,0% 6990~ 

Lack of support from policemen 
on the street 36.6 29.9 27.5 

Disciplinary abuses 50.3 17.4 8.3 

Difficulty in operating the system 20.3 29.2 22.5 

Dispatching & communications 
problems 31.1 47.6 29.7 

-

* For officers who had not yet worked with FLAIR, the question was 
worded "Below are listed several possible problem areas the FLAIR 
system might·encounter. Please indicate how much of a serious 
problem you think each might be." 
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(N: 40) 

77.5% 

53.8 

23.7 

20.5 

32.4 
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The greatest perceived problem was maintenance: repairs were time

consuming, backup cars in short supply, and preventive maintenance 

virtually non-existent. Many MPD personnel simply felt that FLAIR 

units were inoperative all too often, and grouped their perceptions 

about maintenance and hardware problems as one concern for want of 

substantial distinguishing evidence. In addition, many officers felt 

that both the inaccuracy of the system and the constant need for re

initializations to update vehicle positions were mechanical reliability 

Iwoblems resulting from maintenance or design compromises. 

Both officers and dispatchers perceive the number of reini'tializati(;ns 

per car to be above the level they feel is acceptab1e,and also higher 

than actual levels,as indicated in Exhibit 4.3. Reinitializations are 

annoying to officers because they interrupt patrol activity by requiring 

the officer to stop for 7 seconds at an intersection, possibly disrupting 

the flow of traffic. Dispatchers dislike reinitializations because they 

.~ add to the worklo,ad and accumulate during busy broadcasting periods, 

requiring that the reinitializations be completed during lulls in activity 

which were regarded as times for personal conversations prior to the 

I 

coming of FLAIR. The importance of reinitializations is further demon

strated by the fact. that many people felt that FLAIR could make a sig

nificant contribution to police operations if the need for reinitializations 

could be substantially reduced. 

B. Perceived Impact 2f FLAIR on Operations 

Officers and dispatchers of the SLMPD were asked which of a number 

of aspects of policing were in need of attention and what effect had FLAIR 

had on performance in each of these areas. Opinions were sought on each 
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Exhibit 4-3 

Perte1ved Freguen;yof Reinitial1zat1cn~ 

Officer Perceptions: 

On the average, how ~lany times is a beat car stopped for a FLAIR check 
during an 8-hour tour of duty? 

3 times of less 12.2% 
4 to 6 times 43.6 
'7 to 12 times 31.4 
13 times or more 12.8 

What do you think should be the minimal1y~cceptable level of FLAIR 
checks for an 8-hour tour of duty? 

Once or 1 ess 27.6% 
2 or 3 times 48.9 
4 to 6 times 14.6 
7 times or more 8.9 

Dispatcher Perceptions: 

How does the average level of FLAIR checks per car per tour compare 
to what you feel 1s the highest acceptable level for this problem? 

Average level of FLAIR checks per tour: 
median lII: 7 

Highest acceptable level of FLAIR checks per tour: 
median lII: 5 

Actual Level of Reinitializations! 

2.9 per car per tour 
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of the five FLAIR objectives for improving police operations: 

• response time. 
• officer safety. 
• digital communications. 
• command and control. and 
• improved supervision of the patrol force,. 

Perceived accuracy problems and disagreement as to e)<aetly how FLAIR 

would achieve each of its various objectives led many officers and 

dispatchers to doubt the value of FLAIR's contribution in all of these 

areas except digital communicationse 
1. Response t1~. Sefore FLAIR was tested in St. Louis. it seemed 

.possible that AVM could contribute to decreased response time by making 

it easy for the dispatcher to select the closest car to each assignment. 

Of the officers in Dist\1ct 3. 65.1~ said that dispatching the closest 

car was very important berore they began to use FLAIR in Phase I. By the 

end of Phase II it was clear that most MPD personnel did not feel that 

response time was in need of great improvements as compared to other FLAIR 

objectives noted in Exhibit 4.4. Further. most officers indicated that 

the use of FLAIR in closest car dfspa~1ng had no effect on response 

time. as shown in Exhibit 4.5. 

Officer perceptions accu~ately reflected the evaluation finding 

that essentially no decrease in response time had occurred. whereas 

dispatchers perceived some improvement. With the benefit of hindsight 

they suggested that the sector car when available is usually the closest 

car or one of the closest cars. The dispatching of cars other than the 

sectar ear caused officers to feel th~y were less able to identify with 

their own patrol sectors, and 52.9~ of them indicated that perfor.mance 
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~xhibit 4-4 

perceived Usefulness of~LAIR Objectives 

Below we have listed several areas of potential concern to MPO orficers. 
As things stand now in the department, please indi~ate to what degree 
you feel these issues require attention: 

Percent answering ~definitely 
needs improvement" or IIneeds 
some attention" 

a. Reducing response time 
b. Officer safety 
~. Departmental dis~it)iinary 

Ido :~::::h operations 
e. Increasing rad";o ilccess 

and reducing frequency 
congestion 

Survey Conducted at the End of Phase III 
+-------------~-,-
Officers Dispatchers 
(N= 493) (N~ 40) 

Exhibit 4-5 

50.9% 
81.4% 

66.5% 
84.5% 

74.1% 

52.8% 
94.7% 

62.2% 
78.4% 

83.8% 

~_rceived Effect of C'tosest Car Dispatchin.9 

The FLAIR AVM system automatically provides a listing of ~ar numbers in the 
order of their distance f~ ail incident site. This makes possible the 
selection of the el0$9st available car by the dispatcher. What effect has 
this feature had o~ response time? 

~;. 

Survey Conducted at the End of Phase II 
- , . Officers Dispatchers 

Percent .AnS\1ering:- (Nt: 493) (Nil: 40) 

Improved 19.0~ 41. 7~' 

No Effect . 64.1 38.9 

Worsened 16.9 19.4 .-
-87-
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would be improved if closest car dispatching were restricted lon1y to 

high priority calls. 29 In general. it ",as felt that AVM was not likely 

to reduce respons~ times even if accuracy problems were compllete~y cured. 

2. .Qf.ficer safety. This was the most important objecth'e of FLAIR 

to both officers and dispatchers, as can be verified fr'om Exh1ltrtt 4.4 

where it is described, by a dominant ~jority of officers and dispatchers, 

as in need of definite improvement$ or at least some attention. Offioe~ 

safety was the si:ngte 'LaztgSSf; wset.ting point" of the system as fal' as the 

oflifJe%'8 on the sme'/; 'll.7ezte concemeti. When PLAIR was originalZy pre

sented to them~ an option ~ discussed in whioh there wouZd be an 

emergency button on their betts in .atidition to the one in the OGtrS 

i11 orde%' to <I~~!'t the dispatche%'8 shouZd an emeFgency OCCUl'. :the butt&7l 

in the ca:t's became a FeaUty~ but the emel"genay button on the beM; bUlS 

never imp7,emented and 1TlfJny officers UleI'e disappointed at; thf,s 'Urlllited 

-capabi tity. 

While the importance of officer safety was strongly and cont;inuously 

emphasized, the perceptions of FLAIR's perfonnance in this area sh(1)w a 

pattern of continuous decreases. 'Before fLAIR was implemented in Phase l~ 

a large majority (77.9%) of the Third District officers who would bra using 

FLAIR felt that the new system would improve officer safety. Their opinions 

and those of all the officers in the city declined until only 21.9% felt 

that FltaiR could improve. officer safety by the eQd of Phase II. li'i f,act, 

many people felt that fLAIR decreased officer safety by prtlvldlng f~llse 

UAlmost all of the rem;;t.inifigofficers said perfonnance would be unchanged 
rather than worsened. In fact, 50.5% of the officers said that the effective,· 
neSS of dispatChing would be improved if the procedure for dispatching prior 
to fLAIR were reinstated, while only 8.8% said effectiveness would worsen . 
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confidence to the officers. which led many of those who were particularly 

concerned about officer safety to feel that FLAIR had had no effect or 

\'Iorsened the situation (see Exh'fbit 4e6). The perceived poor accuracy of 

the system in emergencies and d lack of confidence in the FLAIR emergency 

buttQn for calling the dispatcher can be seen clearly in Exhibit 4.7. HI 

But the majority of officers feel that FLAIR has some merit since 60.0% 

of them indicated that it was worthwhile to use Qoth the FLAIR firnerge.ncy 

button and the YGice radio in ease of emergency. if FLAIR's accuracy were 

improved. it would be mQre likely to !,eem useful for uj!grad1ng officer 

safety. 

3. Digital communicati0nl. This feature of fLA!R was th~ most highly 

regarded by officers and dispatchers alike. Digital communications helped 

both officers and dispatchers-to get messages across crowded radio channels 

in normal working situation~, as shown by the attitudes noted in Exhibit 

4.8. Officers find it more convenient to send a message by means of 

digital cQdes if it rnean$ they do not have to wait for free air space. 

Because the codes alert the dispatcher if a non-routine message is waiting, 

officers find that their non-routine messages and rlequests get better 

service~ 

Digital communications allowed dispatchers to perfonm their regular 

work with fewer 'Interruptions, since coded tasks could remain queued on 

the t:lisplay. They felt, however, that th(rir workloads were higher, 

SOOfficers who said the system "definitely needs improvement" were twice' 
as likely (as those who said it. was t~OK as is") to feel that perfonnance 
had worsened. 

,.' 
.fI.~ •• 
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Exhibit 4-6 

Cross-Tabulation of Concern About Officer Safetx 
versus 

Effect of FLAIR on Officer Safety 

-Survey Conducted at the End of Phase II 
, 

Effect of FLAIR on Officer Safety 
(N= 476 Officers) 

~oncern About Officer Safety 
'" 

Improved No Effect Worsened 

IOefinitely Needs Improvement 11.0% 48.1 40.9 

Needs Some Attention 33.5% 51.4 15.1 

Okay As Is 33.3% 48.3 18.3 

TOTAL 22.3% 49.4 28.4 
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Exhibit 4-7 

Perceived Usefulness of FLAIR in Emergencies 

How much of the time de you think FLAIR would accurately locate your 
patrol 'car in an emergency? 

Survel Conducted at the End of Phase II 
Officers Dispatchers 

Percent ~~swering: (Niil 482) (N- 39) 

AlmGst all of the time 4&4% 7.7S 

Most of the time 10.0 5.1 

Scme of the time 38.6 30.8 

Not much of the time 47. ,1 56.4 
. 

FLAIR's Accuracy in an Emergency 

In an emergen~, should an officer activate the FLAiR emergeney button, 
call the dispatcher on the voice channel. or both? 

Percent Answering: 

Ac.tivate FLAIR emergency button 

Contact dispatcher on voice channel 

Both 

• Surv~ Conducted at the End of Phase III 
Officers Dispatchers 
(N- 488) (N- 38) 

4.2~ 

35.8 

60.0 

----.... ----.----------------~------------------.... --------
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Exhibit 4 8 -
Usefulness of Digital Communications 

The digital 
officers to 
on each of 

communications aspects of fLAIR provide another w~y for the 
communicate with the ~~~patcher. What effect has this had 

the following areas? 
, 

overall ability to a. On your 
cOJl'l1luni cate with the dispatcher 

b. Access 
channel 

to dispatcher on voice 

c. Confide 
reach t 
emergen 

nce in being able to 
he dispatcher in an 
cy 
fectiveness as a patrol d. Your ef 

officer 

a. Voice c hannel congestion 
ng infonnation from b. Receivi 

officers -

c. Overall dispatcher ~'rkload 
returning to service d. Officers 

prompt 1 y after complet.ing a call 
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Survey Conducted at the End of Phase II 

Officers 
{N= 4821 • 

Improved No Effect \~orsened 

45.0% 33.6 21.4 

33.6% 44.7 21.7 

21.6% 51.6 26.8 

14.6% 70.3 15.2 

Survey Conducted at the End of Phase II 
Dispatcher 

(N= 38) 
Improved No Effect Worsened 

50.0% 28.9 21.1 

36.8% 39.5 23.7 
13.2% 7.9 78.9 

21.1% 52.6 26.3 

. 

J 



partially because of the need for location ver1ficatiof,IS and partially 
• because the queued tasks filled gaps that they might othen~ise hav~ 

regarded as free time. The latter effect is mainly psy,chological since 

the messages from the officers would have filled those !Japs whether or 

not the digital notificatiofl was received earlier. In c:ornpensation, 

the digital system allows the dispatcher to pick and choose the sequence 

of these conversations, giving them more control over thle radio channels 

than the traditional voice schemes. Thus, digital communications have 

made radio traffic more responsive to the needs and work habits of the 

dispatchers. As a result of smoother operations, digital commun1cations 

are thought to be one of fLAIR's greatest benefits sinte the location

dependent aspects of the system have functioned poorly. 

4. COlmiand and control. Officers and dispatchers \'llere disappointed 

with fLAIRQ s effect on norm:tl dispatch operations. But tl~ey seemed to 

feel that if dispatching talent was upgraded, fLAIR was m()re likely to 

increase departmental effectiveness. The strong feeling that FLAIR had 

contributed to dispatching problems can be seen in Exhibit 4.9 where 

officers who felt that the dispatch system needed improvement were more 

than 3 times as likely (as those who felt the system was "0K as is") to 

feel that dispatch performance had worsened. 

The need for dispatcher training was strongly emphasized by the 

officers: 63.3% said better training in strategic de~loyment was needed, 

67.0% said officers with years of experience should be available for 

dispatching and 45.9% said training exercises should be conducted on 

in-progress events. less than 4% of the officers said that any of 
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E)Chi b1 t 4 .. 9 .. 
Cross-Tabulation of Concern About Dispatch Operations 

versus . 
Effect of FlAIR,JW Dl~2atch Op!ratiofls 

.... , ......... - I .. 
Effect of FLAIR on Dispatch Operations 

(N- 467 Officers) 

Concern About Dfspatch Operations Improved No Effect Worsened -
Definitely Needs Improvement 8.1% 2102 70.8 

Needs Some Attention 24.8% 40.1 35.0 

Okay As Is 35.1% 43.2 21.6 

TOTAL 18.0% 31.0 51.0 

""_ ... , ..... ~ ... ' .. ;;.- ........... ,., ...... ~ .......... -..... -' ....... ~ ....... . 
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these alternatives might have an adverse effect on dispatchiug. U Par

ticipant observers have noted that good dispatchers have developed skills 

in using FLAIR which other dispatchers could be trained in. including: 

• limiting the number of officers responding to an 
in-progress event based on the closest cars, 

• limiting responses to a pursuit based OD direction 
of tr~\Vel and the position of offic~----~-----

• checking on all cars that are moving to be sure they 
are in service, 

• other tninor techniques to keep the force operating 
effectively. 

In addition, int.erviews with sup!rvisory personnel show considerable 

support for the idea of dynamic al1ocfttion of available patrol resources 

based on AVM information. 

Officers can perceive the difference between a skilled dispatcher and 

a novice, and their experience with FLAIR as used by skilled dispatchers 

leads them to feel that the system could bring about improved MPD perfor

mance. By 36.6% to 1704%'2 officers felt that FLAIR could improve the 

dispatcher's ability to keep track of the patrol force rather than worsen 

it, and by 28.7% to 22.11 they fe1t FLAIR could improve the directing 

and monitoring of a pursuit. While the officers did not feel that FLAIR 

would be of much assistance in directing the response to in-progress events 

such as robberies or burglaries. the dispatchers who worked with the system 

routinely in~1cated this area was the best opportunit~ for improvements 

51 The dispatchers also favored better traf-ning by similarly large 
pluralities, but they were quite skept1al of the value of having sworn 
officers as dispatchers. 

32The remaining officers said "no effect.~ 
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through FLAIR by a margin of 41.7% to 16.1%.33 With improved accuracy 

and better trained dispatchers, MPD personnel expect FLAIR to increase 

the department's effectiveness through command and control improvements. 

5. Supervision of the patrol force. FLAIR was not specifically 

used as a supervisory tool during the evaluation period, so the opinions 

as to its value for this application are the results of projectio~~ from 

current perfonnance. Officers and dispatchers are cont~~~ally reminded 

of potential disciplinary applications for FL because of the frequent 

requests from dispatchers for office ~ to identify their locations for 

FLAIR reinitia11zations. F example, dispatchers are likely to request 

an officer's location if he appears out of his district on the display 

screen because such displayed locations are often inaccurate. 

With this in mind, the officers feel that FLAIR has already tended 

to decrease rather than increase the frequency with which cars leave 

their districts or engage in improper patrol activities, as shown in 

Exhibit 4.10. Dispatchers also stated that cars were less likely to 

bunch up or remain stationary for long periods of time. It was felt 

that patrol cars were more likely to leave their beats because inter

beat dispatches under FLAIR increased officer activities outside their 

assigned beats. Interviews with supervisors corroborated the opinions 

of the officers and dispatchers. As noted in a series of interviews, 

the supervisors saw tremendous benefits in the use of FLAIR for super

visory purposes, especially after they had had a chance to sit with 

the dispatchers and observe the action at an·AVM console in detail. 

33Again, the rest said FLAIR would have no effect. 
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Exhi bi t 4-10. 

Perceived Supervisory Usefulness of FLAIR 

Officer Attitudes Reflected in the Survey at the End of Phase II 

Remembering that FLAIR provides dispatchers with the location of all patrol 
vehicles, do you think that FLAIR has made a difference in the following areas? 

Patrol cars leaving their district 

Patrol cars leaving their beat 

Improper patrol activities 

*Remaining officers indicated "no change" 

Increased 

8.8% 

15.3% 

11.1% 

Officers* 

Decreased 

21.6 

15.7 

20.5 

Dispatcher Attitudes Reflected in the Survey at the End of Phase II 

Remembering that FLAIR provides dispatchers with the location of all patrol 
vehicles, do you think that FLAIR has made a difference in the following areas? 

Dispatchers** 

Increased Decreased 

Patrol cars leaving their district 5.4% 2403 

Patrol cars leaving their beat 27.81 13.9 

Improper patrol activities 18.91 16.2 

tars bunching up 10.8% 16.2 

Cars remaining stationary for long 
periods'of time 10.8% 15.2 

*"'Remai-ning dispatchers indicated "no change" or "don't know" 
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The use of FLAIR as a supervisory tool brings up the highly 

emotional issue of whether AVM will result in disciplinary abuses. 

Thl sis a major concern of offi cers who feel ,that the system may 

functioLil as "an electronic cowbell. II The percentage of officers who 

perceived this as an especially serious problem decreased from 30.5% 

to 17.4% during Phase II because no officers were singled out for 

punishment due to FLAIR information, and because accuracy was felt to 

be insufficient for disciplinary applications. Still these concerns 

remain important to a department seeking to develop supervisory 

applicationsof AVM. The offiters recognized the benefits of supervisory 

applications but stre$sed the importance of the way supervisory uses 

were implemented. 

c. Qrgan'izational Factors Affecting Attitudes 

Just as attitudes depend upon the accuraty and reliability of an 

AVM system and its ability to achieve its objectives vis a vis police 

operations, attitudes also depend upon the way the police organization 

approaches the impiamentation of AVM. Four important factors have been 

identified during the evaluation of FLAIR: 

• The interface ·between technological and human factors 

~ Involvement and training of police personnel 

• Involvement of departmental top management 

o Long-tenm ~ommitment and continuity of personnel over time 

These factors ~~re identified during participant observations and inter-
.. 

views wi~h key supervisory and management personnel. The reader will 
. . 

recognize that the opinions of the officers and dispatchers regarding 

FLAIRls perfonnance support many of these observations. 
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1. The interface between technologi~" and.human fac~9rs. One 

of the most significant elements in dete~1n1ng success or failure in 

implementing any flew technology is developing the proper hll1lan/technology 

interface. The point where this is especially vital with ~AIR is the 

link between the dispatcher and the new system. As pointed out by' the 

officer opinions regarding corrmand and control uses of FLAIR, capable 

people must be placed in the dispatching jobs. This may require an 

upgrading of the dispatcher's job description; qualifications. and 

salar,y& In addition, procedures for interactions between patrol cars 

and dispatc.hers should be clearly specified, and special training might 

be provided. For example, dispatchers seldom recetvc! training on how 

to handle !;uch "rare events" as responding to an officer-in-trouble 

call. handling pursuits. or handling civil d'lsturbances. 

2. Inwolvement and training of police perso"nel. There is a 

paramount need for effective training of both dispatchers and officers 

concerning FLt\IR. However, this means more than just an initial traintng 

seminar. As highlighted in Exhibit 4.11. feeling at best "fairly well 

informed" about the system was one of the most important factors influencing 

attitudes toward AVM. Officers who felt they were ilver-y well informed" 

were nearly 3 times as likely (as those who felt "not well infonned") to 

say that FLAIR was. a good idea~ An "on-going" dialogue 1s therefore 

necessary to answer questions and to explain problems that m~ arise. 

An important contribution to supervisor and patrol officer awareness was 

made under a program of assigning everyone in the Patrol Division.up to 

the rank of lieutenant to sit in the dispatch room next to their dispatchers 
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Exhibit 4-11 

Cross-Tabulation of Attitudes 'bout FLAIR 
• ""~~.IC· d versus 

How Well Informed Officers Are _ _IM_ 

Survey Conducted at the end of Phase II 
I 

AltitUde About F~~IR 
. N= 477 Off1 cers I 

IMOW Well Infonned Officers Are: Good Idea Not a Good Idea 

Very Well Informed 27.6% 12.4 

Fairly Well Informed 32.3% 67.7 

1 
Not Well Informed 10.9% a9.1 

~ , 

27.9% 72.1 

] 
I 
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to observe the activities at the Fl,AiR console and to ask questions 

as to the operations of the systemQ ,All personnel wrote memoranda tu 

their superior officers describing their experiences. A sampling of 

these memoranda by the evaluators showed that: Nearly all commented 

OR 'tne poor accuracy; mar., expressed concern about FLAIR's cost; many 

CGuld see benefits in officer safety and conmand and control .. -1f the 

accuracy were improved; many had new respect for the dispatch operation; 

and, S'upr1singly, most seemed to accept FLAIR based on expected per

formance improvement (see EKhibit 3&18). Unfortunately, the decision 

to send officers to observe the dispatching operation was made after the 

PSE questionnaires we~e distributed and the results tabulated, so the 

effect of this FLAIR training on their attitudes is not reflected in 

the quantified questionnaire results. 

3. Involvement of departmental top management. Just as it is 

important to integrate and train police officers concerning innovation, 

it is essential that top police supervisors be deeply involved in the 

implementation of new technology., Experience in other police departments 

has shown that it is not enough to simply approve ehange and manage the 

evaluation. With FLAIR the Phase II results dEf.lOnstrated t,hat the 

response time benefits of the system are below expectat1ons~ Other 

potential benefits such as the opportunity for improved cUBmand and 

control Or better management of resources must be further examined to 
~ 

detennine the degree to which the benefits may justify the costs. To 

truly test the benefits of the system, it may be necessar.y to try new 

command and control or organizational relationships. at least on a 

temporary basis, such as assigning a high-level command person to the 
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dispatch center in order to supervise command and cont~l situations 

when they arise. 

4. Long-term conmftment and contf'!u1tX of,eersonnel over ~tim,"~ 

In a study by the Rand Corporation published in 1916~ it was found 

that efforts to implement technical prgj~tts in criminal justice 

agencies are often p~ted by a single advocate or small group of 

advocates within the organi%ation.3~ Although such people play an 

important role in spreading innovatiun, their presence also leaves 

the innovation vulnerable if t.he advocate leaves the agency or is 

transferred. In order to develop even the limited success of the 

FLAiR system in St. louis, a long-term commitment based on a broad 

base of support was required. To broaden involvement and develop 

support for technological innovation, the department esta~lished a 

committee of top level command officers ~h5 ~t regularly to help 

monitor and oversee chan~. This provided a degree of stability and 

coor4ination which could not have been achieved otherwise. Such 

continuity and commitm~nt is essential in the future. 

AVM implementation is more than a technical experim~nt. As such 

it deserves 1~;j)ortant behavioral and command level attention. E.ven 

with such attention. difficulties will arise; but hopefully they will 

not prove to be inSUh,jll~t6t,ie. 

D. Conclusions 

The St. Louis MPD has decided to renew its efforts to make FL.AIR 

a viable and useful AVM system. Substantial management and organizational 

34J. Chaiken, T. Crabill. Lo Holliday, D. Jaquette, M. Lawless, 
E. Quade, Criminal Justice Models: An Overview, Rand Corporation, 
National Institute of law Enforcement and Criminal Justice, LEAA, 
April, 1916. 
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commitments seem to be on~going while sol uti ens are being sought to 

technical problems which might affect at~uracyc Even though performance . . 
to date has been a disap~o1ntment to most members of the MPD, they still 

hope for futu~ ~mprovements. 

The most impressive display of support for the FLAIR system comes 

from the officers and dispatcher~ ~IO use the system every day. When 

asked about a FLAIR SiStem that was accurate and did not require 

periodic location updates. 83.8% of dispatchers and 71.0% of the 

officers said they would be more likely to accept such a system as 

compared to the current version of FLAIR. 

Concerning the specific objectives of the sys'tem, the .overall 

attitudes held: 

• 

• 

• 

• 

• 

That response time was largely unaffected by AVM, and 
even an accurate AVM system would not noticeably reduce 
response times. 

That officer safety could be usefully improved if an 
accurate AVM system and a skilled dispatcher were 
tracking a veh'icle in trouble, and if a button on the 
belt were avatlable for use outside the car. 

That digital conmur.1cat·Jons produce smo~ther operations 
and are one of Fl.A1R's greatest benet'its (due to problems 
with accuracy in achieving othe~ objectives)~ 

That command and control applications of an accurate 
AVM system may be expected to yield increased depart
mental effectiveness if used appropriately. 

That improved supervision of the patrol force is a 
pussible useful AVN application if disciplinary abuses 
of the system can be avoided. 

In conclusion, there is still much to be done 1n te~s of properly 

using the FLAIR system. Still, given the difficulties with respect to 

accuracy, the attitudes of the patrol and dispatch force are still somewhat 
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positive toward the system. As one of the police supervisors 

indicated, the police officers have come to accept the FILAIR system 

as a reality in the St. Louis Police Department. At first they were 

resentful; they no longer have such resentment but accept FLAIR as a 

"fact of life. II If the system could be easier for the officers in 

tenns of automatic initializations and/or in tenms of improved accuracy 

then St. Louis could well be in a position to fully test the potential 

of the system and to achieve further benefits. However, if the accuracy 

problems continue to persist then the use of the system may eventually 

be phased out. 
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Chapter V 

EVALUATION CONCLUSIONS 

.AND 

ASSESSING AVM POTENTIAl 

The Phase II program extended 'the application of FLAIR from 

the Phase I, District 3, experimenta'~ application, to city .. wide 

operation in all nine police districts using 200 patrol cars and 

six dispatcher display consoles. It was the first AVM system to 

be installed in a major metropolitan environment. 

However, the Phase II implementat'ion was faced with a number 

of problems. Debugging the equipment ilnd the software caused delays, 

and once the system became operational, developing effective repair 

and maintenance programs and solving o1;her operational problems took 

longer than expected, causing poor system performance during ~he 

entire evaluation perio~. This, of course, had an adverse influence 

on evaluation resJlts,. causing inconclusive results concerning the 

achievement of many system objectives. But, even with these problems, 

some interesting trends developed. For example, the poor performance 

had a negativa impact on operating peoplE sO that only 28% of the 

patrol officers and 46% of the dispatchers thought FLAIR was a good 

idea (based on a city-wide survey near the end of the evaluation 

period). However, when asked if they would be more likel~ to accept 

the system if it were accurate and did not require reinitializations, 

71% of the officers a~d 84% of the dispatchers responded favorablYe 



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

From personai interviews with officers, sergeants, lieutenants, and 

captains, and from their written impressions of AVM following their 

training assignment with their dispatcher, there is evidence that the 

operational people generally have accepted AVM. They expect--in time-

that performance will improve and that the system will become a per

manent part of the police operations. 

In the following sections, the evaluation resultsl will be stirn .. 

marized; a refocusing of system objectives will be discussed; an 

assessment of AV~I will be presented; and cost effectiveness factors 

will be reviewed. 

A. Evaluation Results 

The following lists AVM system ob;jectives in order of the origi

nally assigned prior'tty, with a composite surrmar:v of Phase I and 

Phase II findings. 

1. Objective: geduce response time. The impact of AVM on 

response time was small, and not sufficient to materially influence 

apprehension rate or the effectiveness of the depillrtment. From a 

simulation model it has been estimated that under ideal conditions, 

potential savings in travel time of 11% to 15% were attainable (about 

one-half minute); in practice savings of 0 to 15-20 seconds were at

tained. There was no difference in response time savings between 

pr't ori ty 1, 2, or 3 call s. Poor accuracy had some effect on the 

results, but in the opinion of the eva1uators,~ot enougnwto change 

the above conclusion. 
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2. Objective: .ID£:ease 'officer safetx. An emergen.Cl' button 

is located on the push-bu'tton panel assembly in the l1atrol car that 

the officer can activate when he is in trouble. Evaluation of the 

emergency aspects were i nf1 uenced by the poor accuracy of 1~he AVM 

system, by equipment malfunction, and improper use by the c)fficer. 

True emergencies were masked by too many false alarms, and about 

half were ineffective because of poor accuracy_ In times «)f need 

the officers prefer to use voice radio, 1n combination with the emer

gency button activation. Officer safety still appears tl) be a 

potentially positive aspect of AVM from the patrol officer.s perspective. 

At this point, though, the police are somewhat skeptical. land the 

impressions of the past several years Must be modified if attitudes 

are to be changed. In fact, during interviews it became clpparent that 

what the officer reany wants is an emergency button on the belt. 

that can be activated when the officer is out of the vehic:le. Boeing 

had originally proposed such an accessory, but it was neve!r produced 

due to budgetary constraints. 

3. Objective: Decrease voice··band con~estion by di!Jjtal com

munication. When city-wide FLAIR was made operational, m,any officers, 

dispatchers, and police managers commented on the decrease in'voice

band usage. Digital communication offers an additional means (by 

coded messages) of officer communications to the dispatchers. via 

the AVM radio channel. It provides instant conmunicatio'lI to the 

dispatcher; it allows the dispatcher to respond"by priority of message 

(rather than by sequence of ilrrival); and it appears to be well-liked. 
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particularly by the officers. Most dispatchers, though, perceive the 

responding to digital codes via voice radio as an increase in workload .. 

In general, the greatest benefit of digital communication is that it 

offers an additional means of communication that increases information 

transfer and the potential f~r increased police effectiy.eness and ef

ficiency. 

4. Objective: Improve command and control capabilit~. Because 

FLAIR provides real time location and status of all patrol cars on 

the display console, the dispatcher is provided with infonnation (not 

heretofore available) that facilitates a higher level of command and 

control of the forces. With this tool, the dispatcher can now direct 

strategic deployment of the force for pursuits, sealing off an area, 

burglaries in process, f!tC., rather than the less efficient process of 

issuing an all-points-broadCast(APB). Proper evaluation of this cap

ability involves the implementation of new police J.llethods and procedures, 

which unfortunately were n~t accomplished during the evaluation period 

because of the attention required on more pre.ssing items (correcting 

for poor accuracy, training of personnel, etc.). On a few occasions, 

individual dispatchers would conduct a pursuit and other in-process 

events, by directing specific deployment, with encouraging results. 

Full assessment 01 this capability must await policy directives that 

will focus on this new methodology. 

5. Objective: Improve supervision,of the force. AVM itself 

serves as a hidaen supervisop in that patrol·officers know they can be 

watched. which tends to influence officers toward better behavior. Even with 
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poor accuracy, this purpose is served, because at any time the 

dispatcher can can for a "FLP.IR check" which directs the officer 

to stop and state his location. If he responds over the voice 

radio with a location that is far from his beat area (and without 

cause), it would Lle normal for him to feel embarrassed and to re-

duce the frequency of such occurrences. Quantitative data on such 

performance is difficult to obtain, because data prior to AVM imple

mentation are not available. However, FLAIR display viewings of numerous 

individual cars show performance behavior that often appears to be 

good, and questionnaires with dispatchers and officers, and inter-

views with officers and police management lndicate~upport for this 

belief. Although little hard evidence exists, the indications allow 

us to hypothesize that AVM may lead to improved patrol perfonmance. 

Another supervision tool is to gather data at a city-wide console 

by observing and recording vehicle activity in each district at periodic 

intervals. Such data can include the number of cars moving and not 

moving; the number of cars available for call, on call. or unavailable; 

the number of cars out of the district; 'and the nunlber of cars at the 

dist~ict station. From thesedata. performance trends can be plotted 

and poorer than average results can be the subject for roll call dis

cussions. 

There may be a strong temptation to use AVM ~s an inspection device 

for catching an officer in some improper act. which then could lead to 

disciplinary action. Such use is believed wrong and may be counter

productive by causing acts of subversion, poor morale and possible 

-109-

...... ... -:..s'-' . ! 

l 



labor disputes. Application of AVM to improve supervision may yield 

positive results. and application for spying and disciplinary 'purposes 

should be avoided. 

B. The Chan&1ng Focus of Srstem Objective~ 

The first four objectives listed in the prior sect,ion wlere the 

original system objectives of the St. Louis Metropolitan Police Depart

ment, and were the blsis for the Phase I evaluation. The fifth objective. 

improved supervision. became apparent during the Phase II "tudies, and 

the potential results as covered by this rsport show it to be perhaps 

the most 1mport~nt objective. at least to those represent~ng the Planning 

and Development functions of police departments. Improved superv~s10n 

implies a more effective and efficient police force, -tnOll'sasea p%';;:1uo

'ti,y;t1;y. and perhaps even a dent in the ever-increasing (,ost of the 

highly labor-intensive budgets of police departments. 

Upon further examination of the other four ebject1ves, p%'oauatiuit.Y 

is a component of each. Some contributions from the other four objectives 

are il1ustrat3d in the following. 

1. Rfl,sR.,onse time. As noted above the impact on response time per 

se has been minimal. It· is therefore suggested that the emphasis of 

th1! objective be changed from IIsaving response time" to "optimizing 

dispatch processes" for the dispatchers. This means' estabHshing a 

more disciplined (and un1fo'rm) operating procedure that can increase 

effectiveness and eff1cien~t and for the officer, it means establishing 

an environment that produces more confidence in the conduct of his duties. 

Such ~xpeetat1ons. though, require an accurate AVM system with few 
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reinitializations, a dispatching policy that favors use of beat cars 

serving their jurisdictions for lower priority calls. and closest-car 

dispatching applied only to priority 1 calls involving in-process 

incidents. The principal product of such changes could be improved 

productivity. 

2. Qfficer safety. Again assuming an accurate AVM system, im

proved equ'iprnent and enforcement of strict operating guidelines, there 

should be fewer false alarms and the activation of the in-vehicle 

emergency button should supplement a voice radio alert, providing 

an audible signal at the display console and accurate location. which 

may not always be readily identifiable by the officer in trouble. If 

the AVM system is modified accoy-ding to officers' desires by the ap

plication of an acc~ssory that provides an invisible emergency button 

on the officer's belt for use outside the car, this would reduce the 

perceived risks of many encounters. The consequence of such a feature 

could be the saving of an officer's life, and more day-to-day benefits 

might result from officers feeling increased confidence and security 

possibly yielding more effective performance and productivity. 

3. Digital communication. Digital codes are transmitted to the 

dispatcher, even when the voice radio is congested. FLAIR has 99 

digital codes of which 77 are available for messages. Their use saves 

voice radio tima and provides a more effective operation. Perhaps 

this can best be illustrated by code 73 "return to service. II Before 

digital communi~ations, a patrol officer completlng a call for service 

(or returning from lunch) would notify the dispatcher by voice radio 
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of his availability. for service. But, 1f the dispatcher is fully 

utilizing the voice radio. the patrol officer would wait for a pause. 

which could be a considerable time during peak load periods--when his 

availability 1s most needed.· Again, the overall result is increased 

productivity, because service 1!!!!. is decreased. 

4. Command and contr:2l. Use of an accurate AVM to strategically 

deploy cars for extraordinar.y events rather than using the APB method 

should produce bett~r results, use fewer cars, minimize disruption of 

normal duties and cause fewer accidents--all adding up to improved 

productivity. 

The AVM city-wide console can assess varying workloads by district 

and. when appropriate. reassign cars on a temporary basis to help those 

areas with more severe peak loads. This action improves the patrol ef

fectiveness and may even reduce manning requirements to handle peak 

load canditions. In any case, the net effect is improved productivity. 

In summary, until recently, the principal benefit of AVM was 

focused on peduoing ~8Bponse time. This. proponents claimed. would 

result in more criminal apprehensions and even deter crime. Response 

time benefits as detennined from the Phase I and Phase II evaluations 

of the FLAIR system impiemented in St. Louis show only minimal gains. 

if any. Studies made using a PSE computer simulation model reveal 

that under ideal conditions, travel time savings of 11% to 15% may be 

attainable. such theoretical improvement ift travel time would only 

affect total response time by about 6% to 7~ ~r about one-half minute 

1n most cases. An added diluting effect on response time savings is 
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due to l'epoztt~tng time where lEAA's Kansas City Response Time Analysis 

shows the median time for reporting major felonies was six minutes 

and 17 seconds. 

It may, therefore, be reasonably concluded that the purchast of 

an AVM system cannot be justified by the benefits resulting fr,om savings 

in response time. The above conclusion does not imply that rapid ,"e

sponse time is unifnportant nor that AVM cannot be effective under some 

conditions; maximum benefit of AVM closest car dispatching results from 

alann-triggered incidents and for in-process events such as pursuits. 

The new focus for AVM justification is on improved p~dUctivity 

as illustrated in the foregoing. If it can be shown that an AVM system 

can pay for itself, or even create a return on the investment, then 

such systems will find applications in many law enforcement jurisdictions; 

and some non-cost benefits would be added, such as improved officer 

safety, improved morale. and a substantial boost in the level of 

professionalism, particularly in the dispatcher area. 

c. The ,Pptential of AVM 

The potential of AVM is dependent upon the recognition by the law 

enforcement agency of the services it can render, and adopting methods 

and procedures where necessary to take advantage of these services. 

The measure of achievement can perhaps be best expressed by relating 

productivity improvement to AVM system and operating cost. 

1. Adapting operations to Ay!. Proper utilization of AVM to 

affect the cost Clnd other benefits that can accrue .requires more than 

just implementing the systemD the methods, procedures, and organization 

.~. " 
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of the department Sh0Uld be carefully reviewed to accommodate the 

capabilities of the system. Examples follow. 

a. ~traordinary events. Nonnally a dispatcher serves 

a district, or some prescribed area. In St. Louis, six dispatchers 

serve nine districts. Each dispatcher has an AVM display console to 

assist in the conduct of his/her duties. However, should some extra

ordinary event occur--such as a pursuit--the dispatcher would be 

unable to direct the pursuit beyond his/her own district. This gives 

rise to the need for a city-uide consoZe, located in the dispatch 

area, that can take. over such dispatch tasks. 

b. Sueervision. AVM can serve as a tool to improve super

vision capability. The dispatcher at the city-wide console can 

establish a routine for recording the activity of all patrol cars 

by district at periodic intervals. Such infonmation will develop 

trends of produ~tive/non-productive activities which supervisors can 

use as a basis for improving performance. 

The city-wide dispatchers can observe actions of individual cars p 

and when observations indicate probable non-productive actions, such 

as bunching or a patrol car located substantially far from his beat, 

the dispatcher can ask for his location (or other soft inquiry) that 

serves to signal the officers that the patrol force is being observed. 

The intent 1s to provide an awareness so that their behavior patterns 

improve. AVM should not be used for internal inspection and ~u~guent 

~sciplinarx actions. 
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2. Productivity improvement. During Phases I and lIe the evalu

ation focus was principally en the four objectives common in both phases, 

and on a fifth objective, "improvement to supervision of the forcen , 

during Phase II. A method of measuring productivity improvement is 

desired, hopefully with a l~rge component based on quantitative data. 

but recognizing 'some subjective analysis may be necessary. 

During Phase II the assessment of productivity improvement relattng 

to the four common objectives was not attempted because performance 

factors and other constraints caused the system to operate substantially 

below its potential. However, s~e information--mostly subject1ve·-was 

acquired relative to the effeet of AVM on improving supervision. 

• The final questionnaire had a question, IIRemembering 
that FLAIR provides dispatchers with the location of 
all patrol vehicles. do you think that FLAIR has made 
a difference in the following areas?" The officer 
replies were: 
Re: Patrol cars leaving the district: 21.61 indicated 
a decrease, 8.81 an increase, the remainder unchanged. 
Re: Improper patrol activities: 20.51 indicated a de
crease, 11.11 an increase, the remainder unchanged •. 

• Although before .. after information was not available, 
random observations made of nun~[Uuspatrol cars 
(15 to 20) for an hour or more each at the city-wide 
console revealed behavioral practices that were gen
erally good. showing essentially no evidence of ab
normel practice (eftg., bunching, leaving the district. 
etc.) 

• Interviews with police sergeants. lieutenants. and 
captains seemed to support the beUef that attention 
to patrol duties has improved. Although. most were 
hesitant on estimating the percentage of improvement, 
some were willing to estimate that the i(nprovemen.t 
could be 101 (or more). 
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Even with the poor performance of the FLAIR system during Phase 

II. there is enough indication to ~potne$ize that it might have served 

as a silent supervisor. Each officer knew his actions could be watched. 

However. the actual measyre of Phase II productivity improvemant--based 

on FLAIR operat1ons--could not be dete~ined. .Better system accuracy, 

special programs for utilizing the AVM po~!ntial, and special programs 

for establishing productivity are necessary_ 

3. fbAIR sxstem and operating cost. Productivity improvement 

should be balanced against the cost involved in improving the pro

ductivity. Such costs include the capital investment of the syste":1 

plus the added operating and maintenance cost. The following system 

estimates are based upon Phase II costs as provided by the contractor, 

but do not necessarily reflect the ultimate production CO$t. 

Capital Investment 

Mobile equipment for 200 .cars 
Base equipment for fLAIR system 
Estimated value of usable 

Phase I equipment 
Special test equipment 

Total investment ••••••••••••••••••••••• 
Cost per car 
Installation cost per car 

$ fJ42 p OOO 
908,000 

140,000 
24,000 

----' ..... = ............ 

$1,924,000 
9,620 

40 

Total cost per car ••••••••••••••••••••• $ 9,660 

Operating ~ost (estimated) 

One flAIR coordinator 
(~th fringe & overhead) 

Operating supplies 

$ 17,500/year 

I,SOQ 

Total operating cost ••••••••••••••••••• $ 19 i OOO/year 
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Maintenance Cost - ...... -

Computer contract 
Eleven technicians 

(average $9,000 at one-half t'ime)* 
Spare parts (estimated) 

. $ 32,OOO/year' 
85,500 

23,000 

Total maintenance ~ost •••••••••••••••• $ 140,500/year 

* One-half time for FLAIR. one-half time 
for voice communication equip~nt 

Operating & Maintenance Cost •• o ••••••••••••••••• $ 159,500/year 

Operating & Maintenance Cost per Car •••••••••••• $ eOO/year 

Straight-line Depreciation 

Amortization 
Operating & Maintenance 

10 years 

$ 966 
'.' 800 

Total Cost per Car' per year ..... $1,766 

!.years 

$1,932 
800 ._e 

$2,732 

4. ~turn on investment. The total cost of a one-man police car 

is approximately $1.30,000 per year. This assumes five officers are 

assigned to each patrol car to cover three shifts, holidays', vacations, 

and sick time, and the proportionate share of vehicle and equipment cost. 

A two-man car is approximately twice the cost of a oneuman car--$260,OOO 

per year. Thus, percentage of productivity improvement needed to break 

even is calculated in the following. 

One-Man car, Two .. Man Car 

Amortization basis lO"year 5~xear lO .. year 5 year 

FLAIR cost per car per year $1,766 $2,732 $1,766 $2,732 

Operating cost per car 
$130,000 $l3G,OOO $260~OOO $260,000 per year 

I productivity improvement 
to break even 1.36% 2.1% 0.7% 1.05% 
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A one-man car amortized on a five-year basis requires only 2.1% 

improvement in productivity to pay for the fLAIR system; in contrast, 

a two-man car requires only 0.1% Improvement when amortized on a ten

year basis. It would appear ·very unlikely that the productivity would 

not increase by these amounts. For higher levels of productivity 1m

prove·ment versus return on investment, see Exhibit 5-1. For "reasonable" 

levels of productivity improvement--such as five to ten percent, the 

returl1 on investment appears very attractive, ranging from over 2:1 to 

14:1. For a five percent improvement and a ratio of 3 one-man cars to 

1 two-min car. the return would be 3:1. on a five-year amortization. or 

4.5:1 for a ten-year amortization. 

Still, the link between AVM and such returns has yet to be established. 

What remains is to demonstrate the effect on police operations of AVM when 

it is deployed in a manner to more fully use its capabilities and to de

velop measures that will determine a more definitive value of productivity 

improvement. 
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Exhibit 5-1 

Return on FLAIR Investment 
vs. 

Productivity Improvement 

5 year amortization 
2-man car 

... ~ 

5 year amortization 
1-man car 

~-------------------------- --0 2 4 6 8 10 12 14 

Productivity Improvement. ~ 
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5. Alternative technology cost considerations. The prior cost 

analysis was for a particular system implemented in a particular city. 

One might expect the cost-effectiveness and return on investment to 

vary depending upon the particular AVM technology, size of the city, 

physical layout and contour lines of the city~ numbe~ of vehicles in 

the system, application, accuracy rlequired, and. of COI~rse, the system 

cost. Of particular importance in £malyzing system costs is the 

allocation of costs between equipmen!t in the vehicle, fixed equipment 

in the city (e.g., signposts or trilateration receivers), and fixed 

equipment at the base station and/or headquarters (e.g., radio trans

mitters/receivers, computers 5 and disl,lay consoles). Systems requiring 

small fixed investment may have a cost advantage in smaller comu.nitles. 

The process of determining the most cost-effective system for a 

particular community or city involves a detailed analysis of all the 

variables mentioned above. The possible result of such an analysis is 

illustrated in Exhibit 5.2. showing that system technologies will have 

differing costs dependent ~pon city and system size, implying differing 

optimal choices for various city sizes. For those contemplating an AVM 

system, such an analysis is recommended. The steps necessary prior to 

the analysis would normally involve (1) preparation of system specifications 

for the particular application, (2) preparation of a request for proposal, 

and (3) analysis of the bids received. A more comprehensive analysis of 

these considerations is contained in the report entitled "Evaluation of a 

Police Implemented AVM System: Phase I. A SunJnary Report. 1135 Part II of 

this report is entitled IIRecomnendations for Other Cities ll and illustrates 

the process for Preparing specifications and reviews other AVM considerations. 

35See footnote 8 on page 14. 
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Possible Variation 1n AVM Cost 
versus 

Technology and City/System Size 
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6. AVM as a research tool. Conceptual uses for AVM originaily 

envisioned improvement in response time, officer safety, and voice band 

congestion when applied to a tonvent1onal dispatch system. After irnple

me.ntatian, other and perhaps greater benefits became apparent. Thf!Se 

require modification on police practices and methods to accommodate the 

new technology (e.g., use of directed dispatch rather than the APB method, 

and improved supervision of the forces). As the use of AVM continues, more . 
innovative applications are l'tkely to develop. 

An example of an unantlci1llated use occurred during the pr1eparation 

of the paper "Markov Models of Fixed-Post Sensor AVL Systems. 1I During 

the development of the mathemat'lcal models, it became necessary to de'" 

termfne the probability of a pa\trol car turnin\~ at the next intersection. 

The literature seemed void of such data; and a1cquiring rel'iable results 

using conventional methods appear.ed time-consuming and expfmsi\fe. USing 

AVM, however, the results were easily. quickly. and accurately obtained 

simply by observing the behavior of random patro'! vehicles on the display 

screen. 1\ histogram of the number of' blocks trav\~l1ed bretween turns 

shows a geometric distribution with the mean equalling 4.0 blocks 

between tu,·ns. For this application, AVM served as a ,.'esea:P.oh tooz.. 

Additional research applications are apparent and other new ones 

undoubtedly will develop. Some of the apparent ones inc1ude: 

• The total patrol car response to an APB (All Points 8roadcast). 
message" 

• The degr\~ of conformity to established patroling routines, 
.• The spatial dependence between crime occur,'ences and patrol 

passings. 
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Some of the above application.s would be greatly aS$isted by In AVM 

playback capability. Such a feature allows analysis 6f patrol C)pe.".tions 

after the occurrence at an efficient 10 times nonnal speed. A 

playb~ck capability ~hould be an important consideration fo~those planning 

an AVM system. 
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Appendix 

ALTElU1ATIVE 
AUTOMATIC VEHICLE MONITORING 

TECHNOLOGIES 

by 

Gilbert C. Larson 

This appendix was derived from Chapter II in the Final 

Report entitled "Evaluation of an lmplemented AVM System, 

Phase I." The Phase I report was too large to warrant wide

spread distribution. The information contained tn Chapter II 

is considered valuable to those intereSted in AVM and to those 

considering implementing AVM and is, therefore~ included as ~n 

appendix to this report. 



INTRODUCTION 

An Automatic Vehicle MOnitoring (AVM) System can be stmply 

described as a system that provides at central headquarters the 

real-time location, identification and status of each vehicle 

in a fleet. AVM systems generally include: 1) a means of locating 

a vehiclG; 2) the transfer of a vehicle location and status informa

tion from the vehicle to a central headquarters location; 3) the 

real-time processing of the data; and 4) the dispatcher terminal 
• 

for display and analysis of the data. 

A number of methods have evolved to accomplish these separate 

functions. Figure 1 is a system block diagram which lists for 

each function the more popular methods currently being considered. 

This chapter will endeavor to describe each of these various 

systems and methods, with particular emphasis on their applicability 

to the requirements of law enforcement agencies. To assist in 

the understanding of these systems and subsystems, a general dis

cussion of system objectives, performance considerations and an 

explanation of sp~cific terms will first be undertaken. 

A. System Objectives and Performance Considerations 

An AVM system, to be effective, must be capable of locating 

a vehicle within acceptable tolerances. A ship at sea may be 

content to know its location within a mile-abut an officer in need 

of help in an urhan location would like to have his location known 
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by the disp·atcher to within a fraction of a city block. Various 

applicati~ns require different levels of performance. The following 

discuss~s the more relevant considerations, particularly 

as they relate to law enforcement applications • 

. 1. !!stem accuracy. The location accuracy of a system can 

be measured by comparing the known location of a vehicle with the 

indicated location. If numerous measurement a are taken--to provide 

statistical significance--an error distribution will evolve which 

may be expressed in one of two ways. 

• The average, or mean, error, cap be 
derived by totalling the errors~and 
dividing by the number of measurements. 

• The error representing 95% confidence 
level is the error that a vehicle will 
not exceed 951. of the time. The 
error representing 95% confidence will 
be considerably larger than the mean 
error, and is the preferred method of 
indicating error for most urban appli
cations. 

To fully define accuracy for dead-reQkoni~g and some hybrid 

systems, an additional measurement is necessary. For such systems, ., 
error can accumulate until the vehicle becomes "lost." When it is 

probable that such conditions exist, the car must be relocated 

by the dispatcher. 1 This measure of accuracy C"8ll be def1:ned as: 

• The mean time between losses, such as 
4.2 hours per vehicle, or-

" The _fr!!q~enc.1 ~f~9l;t.9j\;f~-."~h as six 
ti~~'~~~~ehiw&c per 24-hour day~ 

"This process is known as "reinitializ8tion." 
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The magnitude of acceptable l.ocation error levels for 

law ~nforcement application may bE:l developed from the following 

considerations: 

o If reduction of travel time to the 
incident site were thee only consider
ation, than the accur,!icy required to 
accomplish nearly all of this time "
has been established as one quarter 
of a beat dimension. 2 Beats have 
various dimensions dependent upon 
urban density and other factors. In 
New York City, for example, a beat 
may be 2 to 4 blocks art a side in 
Manhattan, whereas in Kansas City a 
beat may be 1.25 miles on a side. 
For these examples, AVM accuracy 
required would range from one-half of 
a block, say, in Manbattan, to one
third of a mile, say, in Kansas City. 

• Travel time, in the above illustration, 
assumes a continuous street pattern. 
Barr1ers~ such as expressways, large 
hills, st~eams, etc. can influence the 
results. When such barriera influence 
travel time sign.ificantly, the dis
patcher should know on which side of 
the barrier the vehicle is located. 
For this purpose. a,ccuracy in the 
order of one-half block may be . 
required. 

• Command and Control operations may re
quire an area to be sealed off·, or a 
vehicle to be chased. For maximum 
effectiveness, the dispatcher should 
know the street on which the vehicle 
is located (or travelling), to a toler
ance of perhaps one-half block. 

2 R.C. Larson) Y£ban Police Patrol Analysis eMIT Press, 1972), 
pp. 102-106. 

-4-



When an officer sounds an emer
gency alarm, -the dispatcher should 
be able to 'direct other officers to 
the emergency site quickly. If the 
officer is located in an alley in a 
high- rise urban area. the response 
ttme may be considerably shortened 
if the location acc~\racy and resolu
tion could define this loc&tion. 

Considering the above situations, AVM system accuracy of one

third mile to one-half block may be ~equired. depending on the 

system objective and implementation location. For systems in 

dense locations, or where significant barriers exist or wheu 

command and control operation and officer safety are-system 

objectives, accuracies in the order of one-half block are 

desired. An average block is estimated at 440 feet. A system 

having 95% confidence that the error would not exceed 220 feet 

should be very acceptable for law enforcement application. 

However, it is also recognized that tradeoffs (such as cost) 

~ight make lesser accuracies in some police departments (perhaps 

to 400 feet) tolerable. 

Acceptable levels of mean time between losses-ere-more 

difficult to rationalize, as it relates to attitudes and work

load of the dispatcher, and the patrol officer. Too f~equent 

occurrence of lost cars will adversely affect attitude, the 

likely result being loss of confidence in the system. S 

2. Update rate. This is the rate at which vehicle loca

tion (and other data) is sent from the vehicle to headquarters. 

3 Patrol officers judge system accuracy by the frequency of 
reinitializations. . 
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This rate may vary--depend1ng upon application--from, say, once 

per second to once per mtnute or longer. During the time between 

updates, the vehicles can"be travelling, and in case of a vehicle 

on an expressway having a 60 mph speed, the distance travelled 

will be one mile if the update rate is once per minute. The dis

patcher knows only the last reported position, so in this example 

an error of one mile can exist because of the slow update rate. 

This may be a very acceptable tolerance fQr distribution or ser

vice trucks, but unsatisfactory for police use. 

The average speed of a police vehicle in an urban high-

rise area has been estiDL~ted at 10 to 15 mph ~uring normal patrol, 

and 25 to 30 mph when responding ~o a priority call. This 

would translate to travel of 15 to 22 feet/second for normal 

patrol and 37 to 44 feet/second for a priority cmll. If the 

update rate was once per second, maximum error caused by travel 

would be 20 to 40 feet and would be considered a reasonable con

tribution to the total tolerable error. For update rates of 

5 and 15 seconds, the travel between updates (maximum error) 

would be 100 and 300 feet for patrol, and ·200 and 600 feet 

for priority calls, resp'ectively. Considering the various 

tradeoffs (e.g~, system capacity versus update rate versus error). 

update rates with a frequency of not less than every five seconds 

appear necessary to satisfy certain law enforcement needs. 

3. System cseacity. The capacity of a" system 'is measured 

as the number of vehicles that can be accommodated per some 

constraining influence. This could be a geographic constraint, 

• 
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such as a system that is dependent upon a synchronizing pul~e 

or data chain at; UHF frequencies from a single base station, 

which may bt;~ l1tnited to those vehicles operating under favor

able lin~-of,,·sight signal conditions. which in turn may restrict 

the operating area to that contained in a circle of 15- or . 
20-mile radius around the base station. In contrast, the 

Omega sya'tem, If for example, can service an unl:bnited number of 

vehicles throughout the world from only eight; base statl.ons-

assuming each vehicle determines its own position. 

For AVM, a more common determinant. of system capacity 

is the AVM data link between mobile and headquarters. This 

link is usually a radio channel, either of voice-grade type 

(in VHF or UHF bal\ds) or special wide-barld channels in the 900 

MHz band, as recently provided by the FCC. Present system capa

cities vary from 200 to over 10,000 per channel. A system l;D8Y 

expand to m.ore than one channel, but the general scarcity of 

spectrum space favors systems that can accomodate more vehicles 

per channel. As already suggested, higher system capacity may 

involve tradeoffs between system accuracy, update rates and 

cost. More specific information is provided later in a sec

tion on Information Transfer Systems. 

Other limiting constraints can be in data processing at 

headquarters. A computer may limit the amount of data--from 

the vehicles--that can be handled and processed. 

~For a more detail~d description of the Omega System see 
Section B.l. 

-7-



\ 

'"";.;111; ________________________ '_ 

4. ?ystem costs. For A',U to be warranted, the results 

must justify the cost. Expected benefits of AVM systems c~n 

be cost related (e.g., the improved effectiveness of the patrol 

force) or non-cost related (e.g., an officer's life was eaved). 

Assuming that these benefits can justify AVM, then the question 

of concern is the relative cost of various systems as compared 

to their claimed benefits. An effective cost guide can be 3X

pressed as a cost per equipped vehicle considering system in

vestment, operating and maintenance cost. s 

B. Location Techniques 

A number of different methods have emerged for locating 

vehicles. The following will briefly describe the principal 

contenders and will endeavor to show the probable strengths 

and weaknesses of each system, particularly as applied to law 

enforcement use. The reader will realize that system and e~uip

ment development is a co~tinuous process and that the current 

status of any of the systems described herein can have new 

technological advances inadvertently excluded, and in some 

cases, system description must be necessarily limited because 

of its proprietary classification. 

1. Navigation (HyPerbolic) systems. 'The principal navi

gation type ~ontender for AVM application is Loran C, which has 

been in successful use for nearly 20 years, primarily by ships 

S See Sections C.2 through 5, pages 115 to 121 of the 
main report. 
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at sea ( and also in aircraft on transoceanic flights). A 

more recently applied system is Omega', which is believed 

unsuitable for AVM (as applied to urban law enforcement) 

because of accuracy limitation (approximately one mile) and 

expected high cost. 

Loran C, "as presently implemented for ship navigation I uses 

high power stations (approximately 400 KW with 600 foot tower 

antennas) and can cover an area of up to 500,000 square miles 

with one chain of transmitters (minimum 3). Cities within 

the area of existing chains (approximately the eastern third 

of the United States) could use these signAls» and thus'save 
, 

substantial cost. Cities not within the area of existing 

coverage can have lower powered and more closely spaced chain 

installed (lRW and 300-foot tower antenna with three transmit

ters spaced approximately 20 to 30 miles apart), covering a 

smaller area, perhaps 10.000 square miles. There is no fre

quency allocation problem involved for smaller chains, as all 

Loran transmitters operate on the same frequency (100KHz). 
to 

6The operating principle of the Omega system is stmilar to 
that of Loran C, except that the frequency of transmission is 
very low, approximately 11KHz. The low frequency permits world
w~de coverage from only eight fixed transmitters (four are now 
operating) and provides location signals to aircraft, ships, 
submarines, and land vehicles. Because 0,£ the low frequency and 
long transmission distance. the transmitted path length varies 
as a function of signal reflections from the 1onosphere--which is 
dependent upon the distance from the transmitter, the season of 
the year, time of day, sun-spot cycle, etc. The measured path 
length must be corrected by applying appropriate correction 
factors ~~ich are available in prepared tables. For slow-moving 
vehicles, such as ships,,: thi~,~'is a manual process; for faster 
moving vehicles such as 'aircraft, this is a computer process. 
Accuracies of one to two miles are considered normal. 
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A diagram of Loran C AVM system is shown in F:f.gure 2. 

The chain of transmitters, XTl, XT2 and XTa emits a pattern 

of pulses, where the timing of each is precisely controlled. 

Pulse groups are repeated at a rate of ten to thirty ttmes 

per second. The Lorac C receiver, located in a vehicle, iden

tifies the particular pulse group from 171 and XT2 and measures 

the difference in arrival t~e of the pulse groups. A parti

cular time difference locates a hyperbola between XT1 and XT2. 

A second measurement of the difference in pulse arrival time 

between XT2 and XTa locates a second hyperbola. The inter

section of the two hyperbolas defines the vehicle location. 

The Loran C receiver defines their locations with an output of 

two six-digit 7 numbers, which in turn is trl'lnsmitted to head

quarters at each update period over a communication-type trans

ceiver--where the data.is processed and displayed. 

Accuracy is a function of Loran C transmitter power, noise 

environment and urban structures. Tunnels and overpasses can 

cause loss of signal or-seriously reduced signal. 8 Accuracy 

tests conducted in the high-rise area of Philadelphia 9 produced 

a mean error of 588 feet and 8'95% confidence accuracy of 1,390 

feet; in the low-rise industrial area, the mean error was 383 

-
'For 'longitudinal and latitudinal positioning. 

• W • It. Vog6!ler, "Vehicle Location with Loran C," Telecom. 
Inc., 1975 Ca~~ahan Conference Proceedings. . . 

t It. comp~lri8on of Automatic Vehicle Tracking System by F.J. 
Chambers atl(i R.S. Stapleton, Teledyn,j Systems Co .• Northridge, 
California. 
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feet, with 95% confidence at 1,044 feet. In 1974, additional 

tests W2re conducted"in Philadelph1a 10that revealed weak sig

nal locations in the high-rise area had accounted for some of 

the 1971 error. To fmprove this, 20 signal augmentors 11 were 

used, reducing the mean error to 264 feet and the 95~ confi

dence level to 506 feet (sensor only). It is also necessary 

to calibrate an urban area because of buildings and other 

structures. For the high-rise Philadelphia area, calibration 

was made at 24 locations. 

a. ~VM considerations. Special features of Loran 

C are the large area of coverage and the "free" use of existing 

transmitter chain facilities. Eastern installations now pro

duce signal levels over many states, which should create an 

incentive for AVM IApplications (otne,r than ships and aircraft) 

that involve intra- and inter-state travel. The missing ele

ment is a communi.cation system over which location data can 

be transmitted from mobile to headquarters. There may be 

some services, such as state higbway patrol, that have existing 

communication systems which may also have the capacity to handle 

the added data load. 

Use of Loran C transmitter chains for urban law enforcement 

applications appears contingent upon"acceptable signal levels, 

1°1974 l~ran C Automatic Vehicle Monitor'Testing by R.S. 
Stapleton, Teledyne Systems Company, Northridge, California. 

l1An augmentor simulates the actual signal and 1s synchronous 
with it for local weak signal areas of approximately 1,000 feet. 
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and as in Philadelphia, may requi~e extensive field testing 

and applicatio711 of "signal boosters" in weak areas. The sur

veys could be expensive, as well as the "boosters," and 

obtaining sites and permission to locate the "boosters" at 

these exact locaticns could be a problem. 

New smaller powered transmitter 4.'!hains may. be designed to 

provide adequate signals in an entire city (or cities), to 

alleviate problems mentioned in the above paragraph~ but this 

entails more capital expenditure. pure.base of ~ntenna sights, 

higher operating and maintenance costsi,.etc. It is also noted 

that the FCC ~ in its August 8 t 1974 rEtlease (docket 1\.8302 

re: AVM) states It ••• authorization of non-government operation 

in this (90-110KHz) band is not permi1l:ted. tI Until this rule 

is changed, private stations cannot be licensed. 

Loran C, as a basis for AVM applicable to law enforcement 

use, appears uncertain, mainly because of apparent excessive 

errors in urban environments. Further, the economic advan

tage in using existing transmitter chains is presently confined 

to the eastern third of the United States, and expansion to 

other areas by developing private transmitter chains appears 

thwarted by the FCC. Further (public) navigational expansion 

of Loran C by the u.s. Coast Guard (or others) may be delayed, 

awaiting perhaps preferred acceptance of Omega on a world~~de 

basis. 

2 •. Signpost/proximity sy~em~. Another technique for 

locating vehicles is electronic signposts that are positioned 

-13-



........ __ ma ____________________________________________ • ____ __ 

in fixed locations throughout an area. When a vehicle comes 

\dthin the proximity of & signpost, the vehicle location can be 

:Ldentified. A COmmOl'l form of electronic signpost is a radio, 

either a transmitter or a receiver, mounted on a utility pole 

or a street light fixture. If the signpost is a receiver (such 

.as implemented in Stamford, Connecticut) 12 , a vehicle with a 

corresponding transmitter will continually transmit its digital 

identification and when within the proximity of the signpost, 

the receiver will pick up the signal and relay the car identi

fication to headquarters--usually over dedicated telephone 

lines. If the signpost is a transmitter (such as implemented 

in Montclair, Califo~nia), it will radiate the signpost identi

fication to the vehicle when it is within the proximity of the 

signpost--and the vehicle in turn will transmit the signpost 

(and vehicle) identification to headquarters over a communication

type transceiver. If there are a large number of signposts in 

an urban area (for example, one at every int~rsection)f the 

dispatcher can locate vehicles throughout the area to an 

accuracy of one city block, assuming the vehicle and signpost 

data are sent back to headquarters at-the time the vehicle 

passes the signpost. 

s. AVM consideratio~. tbe practicality of signposts 

as a contender for AVM application depends upon its competing 

12Visits to Stamford, Connecticut (Police Department) and to 
Montclair, California (Police Department) were made during the 
course of this study. Both locations represented implemented 
AVM systems in a smaller urban environment. 
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with other syst~ms with regard to accuracy, update rate, cost 

and other features. Considering cost, the signpost portion of 

the system is directly proportional to the number used. If 

accuracy considerations require a signpost at each intersection, 

and if a city has block sizes averaging 550 feet by 300 feet, 

the number of signposts per square mile is approximately 170. 

If the price per signpost were $300, the cost per square mile 

for this portion of the system would be $51,000. For a city 

the size of St. Louis (67 square miles), the cost would be 

$3,417,000. This seems to illustrate that such systems may 

be attractive to small area communities (e.g., Montclair. 
" 

California), but a method is needed to reduc& cost by reducing 

the number of signposts or the cost of signposts if it is to 

be attractive to larger area cities. 

An accuracy tolerance of one city block (300 to 500 feet) 

is not as good as one would like. particularly for such tasks 

as locating an officer in distress, or for command and control. 

Further, if the location information cannot be sent to head

quarters exactly at the time when the"vehicle passes the sign .. 

post, the tolerance increases. For example, if an update rat.e 

of once every five secon~s is used, the added tolerance at 30 

mph could be 220 feet. Another accuracy problem relates to the 

size of the activity area of the signpost. ~ radio-type 

signpost, that transmits or receives a signal, depends upon 

Signal strength to activate the vehicle. See Figure 3. 

Typically, the coverage area is circular around the signpost, 
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havina an activation radius of as little as 50 feet, more 
I 

typically 200 feet. and perhaps ,rester. When a vehicle 

approacbes the signpost from the east, the mobile receiver will 

identify the signpost SO to 200 feet east of the interse~tion; 

approaching from the west, the intersection will be corres

pondingly displaced to the west. 

In summation. it would be desirable to have fewer sign

posts (to reduce cost), with an apparent contradictory need 

to improve accuracy, and with a desire to decrease the activity 

area of the signpost. These needs have-been recognized by 

suppliers of signpost systemG. and a number of approaches 

have been taken to Iso1ve the problem. Some of these are sum

marized below. 

To reduce the number of signposts, one supplier. instead 

of having one activity area encircling a radio signpost, 

employs two. 13 This is ~one by using a receiver that recog

nizes two threshold levels--one a weaker signal threshold 

activated by an outer range circle, followed by a stronger sig

nal threshold activated at the closer ring. By adjusting the 

levels, the coverage can encompass two blocks. This teclulique 

may permita four-to-one reduction in the number of signposts, 

with an unknown effect on accuracy_ 

Some suppliers have developed a "low cost" dead-reckoning 

system that measures distance and direction, and stores the 

13Dr. Charles C. Freeny and Otto A. Reichardt, "An Economic 
AVM System," 1974 Carnahan Conference Proceedings. 
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incremental data dur~ng the next update period. ( Such systems 

which combine two or more technologies are called "hybr1.d" 

systems. ) This not only rf!lDOves the error that would devlop 

because the update ttme does not coincide with the tfme the 

vehicle enters the activity area, but also make~ possible the 

use of fewer signposts. Obviously, the dead-reckoning 

equipment adds cost, so for this approach to be economically 

successful, the cost saved in reducing the number of signposts 

should be significantly larger than the cost of the dead

reckoning addition. 

If, for example, such hybriding permitted signposts to 

be located at every fourth intersectIon, a 16 to 1 reduction 

would result; every tenth intersection would reduce the number 

100 to 1114The success of this type of signpost plus a deado 

reckoning system is yet to be proven u such reduced density 

permits vehicles to travel indefinitely between signposts to 

the point ~here reliance of system ac,curacy rests wholly on 

the capability of the dead-reckoning system. A possible solu

tion to this dilemma would be to have the vehicle odometer 

accumulate distance since the last signpost identification, 

and when this distance has reached a magnitude that experience 

14 For a mathematical treatment of the effect of reduced 
density of signpo,ts, see paper entitled '~rkov Models of 
Fixed-Post Sensor AVL Systems" by Richard C. Larson, available 
from Public Systems Evaluation, Inc., Cambridge, MA 02139. 
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has shown will cause excessive error~ a signal (audible and 

visual) will be activated advising the driver to seek a sign

post as soon as it is convenient. This advisory signal would 

also be sent to headquarters warning the dispatcher that 

accuracy for the vehicle is questionable. 

In the search for lower cos t appX'oaches, and greatet~ 

accuracy, other signpost concepts have evolved. A magnet:ic 

signpost 15, near street i.ntersections, consists of a number 

of cylindrical magnets imbedded in a street such that whcen a 

vehicle passes over the area where the magnets are locatjed. a 

current is induced in a pick-up co~l on the v.ehicle, and the 

spacing between magnets and/or their polarity generate a 

binary code for identifying the intersection. This methc)d 

app.~ars to have certain advantages over radio signposts, in 

that: the activity area of the magnetic signpost is a few feet. 

con1:rasted with 100 or more feet for the radio type (incx'easing 

the accuracy), and the magnets are passive, requiring no 

power for op~rations, presumable reducing operating and main

tenance costs (radios require a battery or a-c pOltler for 

operation). 

Other passive and semi-passive arrangement are under 

development, involving for example, X-band radiati.on from the 

vehicle. and a coded reply from the signpost sensor:. TheS4! 

approaches, too, are aimed at better accuracy, lower cost ~md 
I 

less maintenance. 

_._----
URichard C. Furth. "A Ma~ .. netic Array Proximity AWl" Systeln," 

t\'ovat.:ek, Inc., 1.974 Carnahan Conference Proceedings. 
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Acceptance of signpost systems by law enforcement agencies 

largely lies in industry's ability to solve the cost-accuracy 

problem. Lower cost signpost, passive signposts and hybrid 

systems involving a combinaton of dead-reckoning and signposts 

all appear to have promise. Final results will be dependent 

upon completion of current development programs and further field 

testing. However, signpost systems are likely to be the most 

economical AVM type for small communities. 

3. !rilateration 3lstems. Trilateration systems are 

similar to Loran C and Omega Navigation systems in that the 

location determination is based on the differetlCe in time of 

arrival using two pairg of fixed stations. As in navigation 

systems, the locus of a fixed time difference between a pair of 

stations is a hyperbola, and the intersection of two hyperbolas 

locates the vehicle. In trilateration systems a signal is 

emitted from the vehicle to be located and received b~ three 

(or more) fixed stations. The fixed receivers then relay the 

received signals via dedicated telephone lines to headquarters, 

where a computer locates the vehicle. It is possible to receive 

time-difference Signals from more than two pairs of fixed stations 

which can reduce the mean error. Such systems are called multi

lateration systems. 

Tto10 types of trilateration systems have.been developed 

and field tested. One, called phase trilateration, is a 
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narrow band system, designed to operate over normal voice 

channels and detects time difference by comparing the phase 

of arrived signals. UnfortunatelYr this method is subject to 

substantial errors in an urban environment becau.se of phase 

distortion caused by reflected signals (multi-path). In the 

1971 Philadelphia tests, errors in the high-rise section were 

several thousand feet, and even in the low-rise industrial 

area, the 95% confidence factor was approximately 2,000 feet. 

This poor accuracy is considered unacceptable for law enforce

ment purposes. 

The other system, crlled pulse trilateration, is a wide- I 

band system and uses one of the two newly autHorized 8MHz 

channels in the 900MHz band. The signal emitted for vehicle 

location is a fast-rise two-microsecond pulse, which is also 

subject to multi-path delays, but the pulse signal that arrives 

at the receiver sensor first has traversed the shortest dis-

tance so th.is le~ding pulse edge is used in calculating the 

time differences. The claimed location accuracyi6 with 95% 

confidence is 300 feet in random locations and 150 feet in 

aelect locations. Such accuracies, if confirmed by subsequent 

results in actual field usage, should be acceptable for law 

enfo=cewent application. 

16 Jerome Zander, "Field Testing of an Automatic Vehicle 
Monitoring System," Hazeltine Corporation, April 2, 1970. 
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The pulse trilateration system, being wide band, has a~ 

unusually high capacity that can accommodate over 10,000 

vehicles, assuming this number is comprised of several different 

classes of vehicles requiring different update rates of from 

two or five seconds (such as police) to one minu~e (such as 

delivery trucks). If the vehicle mix involves proportionally 

more rapid update rates, the number of vehicles that can be 

accomodated will be reduced. 

One supplier utilizes this technique in conjunction wi~h 

two-way digital communication, where 16 bits of digital dat ... 
per time slot is transmitted from base to mobile, and anothe= 

16 bits from mobile to base (status information). This two

way digital communication capability is considered desirable . 
in terms of decreasing voice-band congestion and increasing 

operational effectiveness. 

4. Dead-reckoning systems. Dead-reckoning systems depend 

upon equipment within the vehicle to generate location informa

tion, in a manner similar to that of inertial guidance systems 

as used in missiles, aircraft, submarines, etc. Fo~ these sys

tems to work, the initial ve:hicle location must be known, 

after which the instruments within the vehicle track its loca

tion through distance and direction sensors. To be commercially 

competitive, sensor,s othe:, than 'the expensive precision gyro

scopes ~ay be required. 
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The system e'laluated in this report is of this type. The 

system is a Boeitlg development having the trade name "FLAIR. "* 

Accuracy in position tracking is necessary in dead-reckoning 
, 

systems 17, to avoid cumulative errors which eventually could. 

lead to the vehicle becoming lost. The FLAIR system has a 

rather unique means to track a vehicle while using a rather 

low-cost distance sensor (odometer) and heading sensor (mag

netic compass). This tracking technique is called map matching 

whereby the computer keeps the vehicles on a street-~ven though 

the relatively inaccurate heading sensor might otherwise let 

it wander from one side to the other. In a similar manner, 

inaccuracies in the odometer can be overcome when a vehicle 

turns a corner, as the computer will correct the location to 

the nearest cross street, even though the indicated location 

is short of or beyond the intersection. If the computer 

should pick up the wrong intersection, it is likely that the 

vehicle will eventually encounter routes not on the map, and 

thus the computer can no longer track it. Under these condi

tions, the computer will search the map to find the location 

l'It is apparent that the Boeing FLAIR System operates on 
the dead-reckoning principle, but also uses the computer to 
reduce the possibility of accumulated errors. The FLAIR system 
should therfore more appropriately be called a computer-tracked 
dead-reckoning system, or, because it uses more than one loca
tion technology, a hybrid system. 

*FLAIR is a trademark of the Boeing Company. 
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that corresponds "to the vehicle route, and if successful, will 

relocate the vehicle. 

If a vehicle does become nlost" (because the computer 

can no longer track it), a V is displayed on the video 

SC'l'een identifying the particula,r vehicle number whose 

location should be verified. To verify, the dispatcher 

asks the particular officer to stop at the next convenient 

intersection and identify the intersection. If the location 

is not correct, a cursor is placed, by the dispatcher, at 

the correct location, on the scre.en. and the car is ~ 

initialized. Occasional lost cars will probably not detract 

from the effectiveness of the system. but too many lost cars 

could obviously negate t .. ,~ benefits intended. 

The FLAIR video display, as viewed by the dispatcher, 

shows the cars driving on stree~sJ and with the location 

updated every second, presents a real-time view of the 

continuous movement of all vehicles. This is easy for 

the dispatcher to relate to (compared to other types of 

systems in which vehicles may appear to wander through 

buidlings) and serves to assist the dispa.tcher in verifying 

the location of the computer selected closest car(s)--which 

could be located on one-way streets, or across a natural or 

man-made barrier (such as a river or expressway); assists 
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the dispatcher in command and control operations (such as 

sealing off an area); and assists in identifying the location 

of a car that has activated the emergency alarm. 

The FLAIR system provides digital communications from 

mobile tOI headquarters. having a capacity of· 99 "canned" 

messages. The mobile operator can transmit a selected 

message by keying in the appropriate numbers. These codes 

are used for general messages. which the dispatcher must 

acknowledge (by voice); messages of another type perform 

an automatic function on the display (e.g., identifying 

one versus two-man car; "leaving for incident scene, etc.) 

requiring no dispatcher acknowledgment and a third class 

that will automatically initialize the car at given locations 

when the operator keys in the appropriate number. 

c. Information Transfer 

Each location technique generates informatJ .. on that 

provides the basis for its locationG Such location data 

and status information must be communicated to headquarters 

in a timely manner. The type and amount of information varies, 
. 

d~pending upon the location technique. The method of infor'" 

mation transfer is by mobile transmitter, sdmetimes combined 

with dedicated telephon~ lines, and the type of communication 

is generally digital, whose numbers are transmitted using "bits" 

(0 or 1). in a binary code. 
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For systems involving digital radio communication, the 

capacity of a system may be determined by the number of vehicles 

that can be handled per r-f channel. Factors that will influence 

the number of vehicles per channel are: 

• Number of bits per update period. The 
fewer required & the greater the vehicle 
capacity; 

• The bit rate (bits per second). The higher 
rates produce the greater capacity (the 
high limit will be limited by band-width 
and noise considerations); 

• The update rate. The less often an update is 
transmitted, the greater the capacity. Previous 
discussions of update rates indicate a rate of at 
least once ~er five seconds is desired if certain 
police benefits are to be obtained. 

• The channel band-width. The voice channels 
in the VHF and UHF bands have 25KHz 
channel spacing and a nominal 3 Kliz audio 
band-pass, and thus will accommodate 
proportionally few6r vehicles than the 
newly available 1 and 8 MHz channels in 
the 900 MHz bands (see following-discus
sion on FCC considerations); and 

• The method of communicating data from 
mobile to headquarters, such as random, 
polling and ttme-slots. These methods 
will be discussed more fully in the 
following. 

1. Methods of communicating data. Small systems, such as 

the (transmitter) signpost system in Montclair, Califol~ia, use 
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the r-f channel assigned for voice communication to transmit 

location and status data from mobile to headquarters. This system 

may be called a random syst!! in that each vehicle updates this 

information each time it approaches a new signpost (or a new 

status). If the channel is occupied, either by voice or other 

A~~ data, transmission must be delayed until the channel is clear. 

In peak periods such delays could be substantial, during which 

time the vehicle trying to report could be traveling, and such 

distance travelled will be in effect an error. Random systems 

may be satisfactory for small AVM systems, but cannot accommodate 
, 

larger systems, where voice channels are already congested. , 
Larger systems require separate r-f channels for communicating 

data from mobile to base. Two methods, sequential polling and 

time slots, are generally favored for this purpose. 

a. Sequential polling. Each car in a fleet is sequen

tially polled, generally by computer command. For each vehicle, 

the headquarters AVM transmitter sends the vehicle address (selec

tive call), to which that vehicle Jill respond with location and 

status data. After the response has been received at headquarters, 

the computer will step to the next car in the fleet and will 

repeat the interrogations procedure until all cars have baen polled, 

at which time the cycle will repeat. 

b. Time slots. This system divides the time during 

the update period into time slots, one for each vehicle in the 
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ays'tem. The number of slots in a system is determined by the 

number of bits of information required (location and status), 

bit rate and the frequency of update. Thus~ a system requiring 

24 bits for locat~on and status and having a 2400 bps rate can 

accommodate ~ - 100 vehicles per second or for a five-second 

update rate, 500 vehicles. This type of system requires that 

all vehicles be synchronized each update cycle and that all 

vehicles (as well as the headquarters receiver) have accurate 

timing circuits that control their assigned time slots. The 

time slot number assigned to each vehicle identifies this vehicle 

at headquarters. Boeing FLAIR and Hazeltine pulse trilateration 

AW4 systems use the time slot method. 

c. Time slo~s versus polling. A comparis~n of the 

two methods is shown in Table 1, where the location and status 

data are assumed to be identical D and typical of that which would 

be required in a law enforcement application. From examining the 

Table, it is evident that the polling method requires a longer 

time (19.25 versus 10.1 milliseconds - line h) to transfer this 

information because of the time required to transmit the mobile 

address, and the time involved for the mobile transceiver to switch 

from receive to transmit:. System capacity for a -five-second update 

rate is 495 vehicles fOl~ time slots and 260 for polling (line k). 

However, time slots are rather inflexible, and if a-car is out 

of servic4e (m~als, at itlcident site, etc.) the t:ime-slot time is 

reserved Jtor that car even though not used. For polling, the 
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Table 1 

Time Efficiency in Pollings versus Time Slots 

Tima 
Polling Slots 

a. Interrogation address 10.00 0.0 (up to 
(bits) 1024 cars) 

b. Location data (bits) 10.00 10.0 
c. Status data (bits) 7.00 7 ... 0 (up to 128 

codes) 
d. Total bits 27.00 17.0 

e. Time at 2400 bps (ms) 11.25 7.1 
f. Allowance for T/R switch 

operation* (ms) 6.00 0.0 
g. Allowance for guard bands, 

synch signal, etc. 2.00 3.0 -
h. Total time (ms) 19.25 10.1 

i. Number of time periods! 
second 52 99 

j. Nwnber of seconds for 
200 cars 3.8 2.0 

k. Number of cars per five 
seconds 260 495 

1. Number of cars per 15 
seconds 780 NA 

m. Number of cars per 15 
seconds assuming 30% 
are out of service 900 (approx.) NA 

n. 10% report each five 
seconds 750 (approx.) NA 

* For polling systems, each vehicle must first receive its 
addresl~ ,(from HQ), after which the transceiver changes its 
mode flC'om a receiver to a transmitter (T/R switch) to' 
dispatch location and status data. 
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computer can step to the next car if the interrogated car reports 

"out of service," saving about one-half of the time in tha: polling 

period. Thus, if 30% are out of service (on the average) more 

cars (about 15%) can be accommodated per fixed update period. 

Further, if the update rate can be changed to 15 seconds (instead 

of five), the number of cars per system will increase from 260 

to 780 O.ine 1) and to 900 (liue m) with 30% out of service. Polling 

at lS-second intervals does not satisfy police requirements for 

such operations as command and control, but the dispatcher can 

cow~nd specific cars to be interrogated three times as fast or 

every five seconds when required (or status--such as "on a chase"-

can,automatically increase interrogation rate). Thus, if a 

l5-second update rate is used, if 30% of the cars are out of 

service, if 10% of the cars require five-second update, then the 

polling method can accommodate 750 cars (line n) versus 495 for 

time slots. 

The above illustration applies to a narrow-band yoice-channel 

law-enforcement application. Wide-band high-capacity systems in 
. 

the 900 MHz range can have a degree of flexibility using time 

slots. Various grades of applications can be programmed for 

different update rates depending on requirement. If delivery trucks 

and ~axis require update everyone minute, they would occupy one 

time slot per minute; if law enforcement application requires up

date every five seconds, 12 time slots WOUld. be occ~pied in a one

minute period. This type of time-slot flexibility requires that 

each vehicle be "permanently"'programmed for its update class; in 
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contrast, the flexibility of polling systems is more dynamic, 

under the control of the dispatcher or software programs. 

2. §ys te!L efficiency. A comoarison of the efficiency in 

the use of narrow-band (voice) channels versus type of location 

system in shown in Table 2 . Compared are Loran C, Signpost, 

Signpost with Dead Reckoning, and Computer-Tracked Dead Reckoning 

(FLAIR). This comparison is made using the time-slot method. All 

systems except for computer-tracked dead reckoning are shown with 

a five-second update rate; computer-tracked dead reckoning is 

shown with a one-second update rate which appears desirable to 

maintain the accuracy required to prevent excessive "lost car" 

occurrence. The number of cars per channel appears best for the 

signpost (615) and poorest for dead reckoning (103) (assuming 

that a five-second update rate proves satisfactory for the 

non-FLAIR type system~). 

Wide-band systems have greater -capacity per channel. Pulse 

trilateration systems operating in the 8MHz channel in the 900 

MHz band can accommodate 5,000 to over 10,000 cars per system 
. 

depending on class (and update rate) of vehicle in the system. 

A,~proximately 30,000 time s lots are provided for each one-minute 

period. If all cars were required to have one-second update 

intervals, 500 can be accommodated; for a five-second update, 

2,500 can be accommodated. 

Large system capacity is desirable in terms of cost per 

vehicle, efficiency in the use of the frequency spect;um (see next 

section on FCC considerations), and for acconunodating large customers. 

-31-



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

Table 2 

SIstem EfficiencI with Time Slots 
(narrow-band systems) 

Signpost 
with Dead Computer-Tracked 

Loran C Sippost Reckonin& Dead Reckoning 
Location Data (bits) 

--2 six-digit numbers 40 
--signpost addresses (to 1024) 10 10 
--x increment (to 640 feet)* 7 
--, increment (to 640 feet)* 7 
--odometer (to 640 feet)* 7 
--heading sensor (2.8°) 7 
Digital (status (bits) i. 7 7 ..L. - -

I TOTAL BITS 47 17 31 21 
~ 
I 

Times @ 2,400 pbs (ms) 19.6 7.1 12.9 8.7 
Allowance, synch signal, 

guard bands (ms) 2.0 1.0 105 1.0 - -
. TOTAL TIME (ms) 21.6 8.1 14.4 .9.7 

Number of time periods/second 48.5 123 69 103 
Update period (seconds) 5 5 5 1** 
Number of cars per system 242 615 345 103 

* Distance measured in five-foot increments 

** Once per second update ie.required to maintain system accuracy 
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3. FCC consider~l~on~. Until recently the FCC had not 

authorized AVM use on existing VHF or UHF bands--so much of the 

development efforts on the various systems were done on the 

speculation that the FCC would authorize this service. On 

Docket No. 18302, involving use of AVM in the Land Mobile Radio 

Service, the FCC issued interim rules authorizing this service 

in FCC Report and Order dated August 8, 1974 and modified by 

Memorandum Opinion and Order dated December 18, 1974. In s~~iry. 

this provides: 

• Use of narrow-band 25 KHz band width 
channels in the low-band (25-50 14Hz). 
high-band (150-170 MHz) and the UHF 
band (450-512 t~z) for A~4. providing 
frequencies are used that are presently 
assigned the applicant, or that fre
quencies be assigned where eligibility 
has been established. 

To be eligible, the applicant must 
accommodate location data for at least 
200 vehicles per single frequency 
channel and 400 vehicles per paired 
frequency (UHF). This requirement 
has been modified by the December 18 
release to 200 vehicles per paired 
channel--although suggesting that 
alternative solutions be found in
cluding the use of presently allf)cated 
voice channels for AVM and strorlgly 
recommending the use of chanaels in 
the 900-930 MHz band. 

• Two new wide-band channels have been 
made available exclusively fo~ AW1--
904 to 912 MHz and 918 to 926 MHz. 
These channels are intended for pulse 
ranging/pulse trilateration systems 
that can accommodate a large number of 
vehicles (a licensee cannot apply for 
the second channel until the presently 
assigned channel provides location data 
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for at least 5,000 vehicles). 

It is noted that the industrial U , scientific 
and medical (IS~) band is at 915 MHz sa the 
wide band is subject to interferences from 
tho$e services. The effect of this type of 
interference on AVM perfomance is not knolm. 

• FCC also has provided two new medium-band 
channels (903 to 904 and 926 to 927 MHz) 
for systems that require up to 1 MHz of 
band width. 

The above actions by the FCC illustrate that A\TJM has become an 

important and recognized service, and that frequency availability 

(particularly in the 900 MHz band), has been assured. The 1 MHz 

channels appeat' particularly attractive for increasing the 

capacity of systems now constrained by voice-channel limitations. 

D. Headquarters Pro-cas.s in:g" " " . 
The simplest forms of AVM systems, such as the signpost 

. 
systems in Montclair, California and Stamford, Connecticut, take 

the location data information received at headquarters~ and through 

logic circuitry, display the car location and identification on 

wall maps. This may involve. turning on a light at the appropriate 

signpost location plus digitally displaying the car number at that 

location. From this map, the dispatcher can view the locations 

of all active patrol cars, can disp'at~h the one closest to an 

incident site, and observe the general movement and activity of 

the force. 

11 This includes microwave ovens. 

-34--

-----........ IIIi!IIIil!!.-.... ______ ... ___ =_. ___ , ______ d::llOi'"'__ _______ · ---.--~--- -

I 

") 
, 



I 

I 

I 
I 

:;aU.J 1 

For lar-ger and more sophisticated systems,'computers are 

n~~~$sary to perform calculations, to store data and to provide 

inputs to the dispatcher terminal. Interface equipments are 

generally ~equired, one to prepare deta recei~Ted from the field 

for computer use, and another to take computer output and process 

it for display at the dispatcher terminal. Also, an assortment 

of peripheral equipment is necessary, such as a teletypewriter, 

printer, card read~r, magnetic disc, etc. The interface units 

are generally custom designed for the particular car location 

(and status) technique and the others can be sta.ndard purchased 

or leased items. 

It is apparent that the investment in computer-related 

equipment ca.n be considerable, pa't'ticularly ~1hen stand-by units 

are required to achieve the desired reliability. This, in turn, 

requires an AVl~ system of sufficient s:'L?;e so that the all.ocated 

cost per car is reasonable. Consideratiot~ should also be giv!.m 

to combined A~I and CAD (Computer-Aided Dispatch) systems where 

the beJlefits can be greater .than the sum of individual system 

benefill:s, and with the costs less than the sum of that for each 

system individually. It is probably that such a combined system 

can share in computer, peripheral and some interface costs. 

E. Dispatcher Terminal 

The dispatcher. terminal is the most visible part of an AVM 

system. To a large measure, the method of display and the type 

of information displayed determine the effectiveness of the system. 
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1. Alpha-numeric display. This display is of the type 

used in information retrieval systems and with computer-aided 

dispatching (CAD). It involves a Cathode Ray Tube (CR~) type 

s~reen on which numbers and words are displayed. It also in

c~udes a typewriter-type keyboard where the operator can enter 

information or instructions. 

Information displays (e.g., identification of stolen cars. 

etc.) are now standard equipment in many police dispatch centers 

. and CAO is being increasingly recognized as a valuable addition 

in improving the dispatching process. Therefore, there is con~ 

siderable logic in an attempt to standardize on one display to 

serve the functions of Info%~ation Retrieval, Computer-Aided 

Dispatching and, if possible, Automatic Vehic.le Monitoring. The 

alternative may be to surround each dispatcher w:f.th a nu.mber of 

CRT-type displays--which obviously would not be conducive to 

an effi'cient and effective operation. 

If the principal value in AVM were to locate the ears closest 

to an incident scene or a car that has sounded an ~mergency alarm, 

combining the CAD and AVM display may have eonsiderable merit. 

The CAD normally contains a geographic file which can ,convert 

specific addresses to x and y coordinate positions, so that the 

computer can quickly relate the incident address entered by the 

complaint evaluator (in the dispatch center) of the incident site 

to the police cars- closest to the scene, and ~isplay' their 

numbers--permitting dispatching of the cars closest to the scene, 

or the cars closest to the site of an emergency alarm. 
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2. Video or map ~ispl!I.H This is a color television

type display having a map of the city on the screen, with various 

magnifications available, showing drivable surfaces (streets, 

alleys, parking lots) ~nd street names (Figure 4).· The 

most magnified map (perhaps one square mile) would show all 

drivable surfaces and nearly all street names, while the less 

magnified maps would show proportionally fewer streets and names. 

All cars would be displayed on the map to an accuracy of the 

Av:.l system. 

A video display can provide val'\1abl~ information to the 

dispatcher, some not hereto1:ore 4iv$.ilable. Examples are: 

• Cars are displayed b~, different symb~ls 
to distinguish class of cars. Patrol 
cars may be represented by a small square, 
detective cars by a triangle, sergeants' 
cars by a bow·tie, etc. Each car can be 
identified by its number--which follows 
the symbol. 

• Two-person cars are identified with two 
amall dots that are associated with the 
car identification number-aboth on 'the 
map display, and on the listing of the 
closest cars. 

• The carls status can be determined by the 
symbol brightness. A steady brightness 
indicatea cars available for assignment; 
a slow blinking rate or a faster blinking 
rate identifies cars on a low- or high
priority assignment, respectively, either 
traveling to or at the incident scene. 
Such status identification can be con
trolled by the officer in the car by keying 

~This description closely describes that used in Boeing's 
FLAIR System. 
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in the proper status numbers into his 
digital communication keyboard. 

• To determ.ine the cars closest to the 
incident site, the dispatcher moves a 
cursor (a cross on the screen) using a 
joy stick-type control to the site and 
the closest cars will automatically 
appear in order at the lower left of 
the screen. 

• If the AVM syst~m is used with (~AD, 
this dispatcher operation would not 
be required, as CAD would perf OlE the 
function of locating the incider.~t site. 

• Depending upon the AVM accuracy and the 
computer program for calculating the 
distance to the site, dispatcher v~rifi
cation of the computer-selected closest 
cars may be desirable. By looking at 
the mapl the dispatcher can determine 
that such closest cars are not obstructed 
by barriers (expressways) or one-way 
streets. 

• Any car in the system can be quickly lo
cated by keying in the car number and 
the "locate" button whi,.: .. will display the 
appropriate map and t~~ car with a large 
square around it. As the car travels 
across the map, a new map automatically 
appears before the car is outside of the 
map area. This operation is particularly 
advantageous when a patr~l car is in a 
chase or has sounded the emergency alarm. 

• Digital messages are displayed with the car 
numbe~ at the left on the upper part of 
the screen. 

• Any unusual distribution of cars'may be 
q~ickly observed by viewing the less magni
l:l.ed map. 

Compared to "the alpha-numeric display) the video display 

pennits: 

llLM Sf't' bllauh±z 

• Verification of closest car location, so 
that obstructions such as expressways or 
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one-way streets do not extend the travel 
time. 

• Better execution of command and control 
operations by direc,ting cars having known 
location to strategic.positions to seal 
off areas; approach sites (from different 
directions) where a crime is in progress; 
or to give directions to supporting cars 
during a chase 8$ to street location, 
chsnge of directi~n, etc., by observing 
the lead patrol car in tha chase. 

• Continuous monitoring of police force 
activity. This capability, together with 
appropriate officer training and execution 
of orders, can assist in increasing the 
effectiveness and efficiency of the force. 

lfuen a dispatching operation faces the problem of separate 

displays involving information retrieval, CAD and AVM, some 

resolution may be possible by 1) maintaining the information re

trieval function separate from dispatching and 2) possibly com

bining the alpha-numeric and video display into one unit permitting 

the dispatcher to select one or the other. 

~u.s. GOVERNMENT PRINTING OFFICEI 1979-281-39Q/1613 
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