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'REPORT No. DOT-NHTSA-034-1-039-72-1 

A DEMONSTRATION STUDY 

COMPUTERIZED ALLOCATION OF POLICE TRAFFIC SERVICES 

SUMMARY 

This report documents work conducted by the Indiana University 
Institute for Research in Public Safety under sponsorship of the 
National Highway Traffic Safety Administration of the U. S. Depart
ment of Transportation. to develop and demonstrate a computerized 
information system for use in allocating police traffic services. 

The project plan included an investigation of certain operations 
research techniques for analyzing and improving resource allocation 
schemes for traffic law enforcement agencies, the development of 
computer-generated presentations of local accident statistics, and 
a study of the requirements for developing a public education pro
gram ut.ilizing outputs from the information system. However, the 
main concern of the project was the provision of operationally use
ful county-wide, traffic flow information to traffic law enforcement, 
and over 90 percent of the project's resources were applied toward 
this end. 

The heart of" information system developed and implemented for 
this purpose was a computer-sensor system that had been used by 
IRPS since 1968 as a research tool to gather, process, store, and 
display traffic flow information from a number of key highway loca
tions in Monroe County, Indiana. The information was collected by 
unobtrusiY~ magnetic sensors at these locations and transmitted via 
rented telephone lines to a centrally located computer facility where 
it was processed and stored for use in the research projects. In the 
present project this system was expanded almost two-fold to provide 
county-wide coverage, and specific risk information outputs were 
developed to assist police decision-makers in determinin.g more effec
tive resource allocation procedures. 

~ The information was provided to the police in the form of 
cathode ray tube (CRT) displays and computer-generated printouts. 
The CRT device was located at the headquarters building of a local 
Indiana State Police post and was capable of presenting both real-time 

xi 



and historical traffic flow data collected at 25 sensor sites located 
throughout the county. The basic raw information available ,to the 
police user included vehicle speed, length, headway, direction, and 
number of caxs passing a given site in a given time period. In 
addition, the system possessed the cap~ility of performing certain 
analyse,s of these raw data (e.g., percentage speed limit violators 
at a given site) and presenting the results in both display and 
hard copy form. 

The main conclusion of the study was that the information system 
thus developed and implemented is a highly useful operational tool 
for traf'fie law enforcement agencies. The system was 'Dot merely 
tolerated by the police, as is so often the case when b:sting experi
mental devices with user agencies, but was quickly incorporated into 
the regular police routine. It was extensivelY used by all levels 
of local police agency personnel for scheduling and assigning police
personnel and in devising new traffic law enforcement tactics. 

The hard copy printouts showing speed limit v.iolations were 
found to be particularly useful to the police in identifying'highway 
segments needing patrolling. Command officers would typically study 
the day's reports in the evening to determine where greater enforcement 
emphasis was needed for the following day. The CRT device was fre
quently used by officers before going on duty to determine violation 
rates and traffic counts on a particular loop site or highway to 
confirm predictions made by summary printouts from previous time 
periods. The CRT was also used by police to check headway conditions 
prior to deploying radar units and in identifying accident situations. 

. Two major recommendations were made as a re:;;ult of the project. 
F~rst, it was recommended that the system continue to be operated 
i~ areal-wo:ld environment over a multi-year period. Such an opera
t~on ,would, ~n effect, provide an advanced traffic resource allocation 
laboratory for use in investigating the nature of the police decision
making process; developing better information outputs for both the 
police and the pUblic; and measuring the effectiveness of the infor
mation system i'tself, as well as other countermeasures, tactics, et~. 

Se;cond, it .was re;commended that a program be initiated to analyze 
the un~que and extens~ve data base made available by the computer 
sensor system. The analysis would requi,re the conversion of the 
present traffic flow data tapes to a more analytically suitable form 
and would utilize .3lccident data f,rom the Indiana State Police acci
dent .. tapes and data fr<;>m n~s I s multidisciplinary and tri-J.evel crash 
stud~es to study relat~onsh~ps between traffic flow, accidents, and 
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environmental factors. The results of this study program would be 
of great value in identifying traffic accident risk in the detail 
required for developing acceptable quantitative solutions to the 
traffic resource allocation problem. 
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1.0 INTRODUCTION 

This is the final report of a study to develop and gemonstrate 
a computerized information system for use in allocating police 
traffic services. The study was performed by the Indiana University 
Institute-for Research in Public Safety (IRPS) for the National 
Highway Traffic Safety Administration of the U. S. Department of 
Transportation under contract DOT-HS~034-l-039. The contract period 
was from December 1, 1970 through February 29, 1972. 

1.1 General Objective 

The objective of the study was to develop, implement, and 
evaluate an operationally useful Computerized Highway Traffic In
formation System (CHTIS) for ]~w enforcement agencies in Monroe 
County, Indiana. The primary application of the information system 
was to be the identification of improved policies, strategies, and 
tactics for 'allocating police traffic services within Monroe County. 

1.2 Specific Objectives 

The specific objectives of the study were to: 

1. Implement and evaluate a county-wide computerized 
system for real-time monitorinc! storage, and dis
semination of traffic flow information. 

2. Develop techniques, methods, and procedures for 
disseminating detailed county-wide accident infor
mation to county law enforcement decision-makers. 

3. Investig~te the applicability of certain operations 
research techn~ques for analyzing and improving 
resource allocation schemes for traffic law enforce
ment agencies. 

4. Specify guidelines for mounting large-scale traffic 
safety education campaigns based on information made 
available by a Computerized Highway Traffic Informa
tion System. 

1.3 Background 

The failure of many law enforcement agencies to utilize their 
resources effectively is well known. It is often stated that the 
police merely respond to the greatest immediate pressure and do 
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not engage sufficiently in conscious management of their re
sources. Police are said to base their resource allocation deci
sions primarily on tradition and even folklore rather than on ra
tional analysis of needs and capabilities. In fact, police admin
istrators themselves have been among the strongest critics of police 
resource allocation procedures. Bruce Smith noted in 1940 that: 

" city police forces waste a part, and sometimes a 
considerable part, of their available manpower ••. dis
tribution of uniform patrols ... without regard to esta
blished needs ... It is a matter of general observa
tion that (patrols) are usually distributed on an equal, 
or nearly equal, basis throughout the twenty-four hours 
of the day, despite the fact that the crime curve shows 
a marked peak between 6 p.m. and 2 a.m .... It (36). 

Eleven years later (in 1951), V.A. Leonard observed that: 

itA small minority of professionally trained police execu
tives in the united States are conscious of the admin
istrative necessity for derivation of a formula that 
will serve as a basis for scientific distribution of the 
force. For the most part, however, the significance of 
this administrative problem is not widely recognized" (33). 

Early attempts to develop better methods for allocating police re
sources were based almost entirely on the heuristic concept of pro
portional distribution of forces. This concept involves measuring 
the crime hazard at different places and times in terms of a crime 
variation index. Police patrol forces are then distributed pro
portionally to the values of the crime index calculated for the 
various locations. Thus, if a given patrol sector was found to 
contain 30 percent of a jurisdiction's "crime" for a given time of 
the day, the 30 percent of police patrol resources would be allocated 
to that sector during that time period. According to the President's 
Commission on Law Enforcement and Administration of Justice (29), the 
basic ~dea was conceived as early as 1909 when Chief August Vollmer 
of Berkeley, California, distributed his bicycle-mounted patrol force 
in accordance with expected calls for service in different parts 
of the city. O.W. Wilson later (1938) developed a specific method
ology (published in 1941) for applying the proportional distribution 
concept which was stated .j,n terms of the "relative need." for police 
services (40). In 1939, Frank M. Kreml of the Northwestern Univer
sity Traffic Institute postulated the principle of selective enforce
ment for applying traffic law enforcement to the times, places and 
behavior patterns that proved the greatest threats to traffic safety. 
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No further schemes for allocating police resources were 
lished until the 1960s when a series of papers utilizing the 
developed techniques of operations research began to appear. 
lytical models were developed to compute the probability of a 
"random" patrol unit interrupting a crime (8)! t? pred~ct,w?rk
loads for police departments (25.); and to ass~st ~n determ~n~ng, 
through queuing ~heory, improved police beat st~uc~ures (27)., ~n 
a recent report (1969), Larson developed a soph~st~cated mult~d~
mensional queuing model for patrol car dispatching and provi~ed a 
description of a computer simulation of police patrol operat~?ns 
(22). Numerous other quantitative models and methods address~ng 
almost every aspect of police operations are being generated at 
an ever-increasing rate. 

However none of these techniques (including the somewhat 
simplistic c~ncept of proportional distributioh) has found wide 
acceptance or use by police departments in this country. For the 
most part, departments continue to operate as tpey h~v~ always,op
erated, allocating their resources according to trad~t~on and ~n
tuition rather than by scientifically-derived formulas or proce
dures. It could be argued that a major reason for this situation 
is that most police administrators do not possess the necessary 
technical expertise to apply quantitative decision-making tools or, 
for that matter, to even under~tand them enough to want to apply 
them. While there is undoubtedly considerable t~uth in this rea
soning, the real roots of the problem probably l~e much deeper. 
First, even the most sophisticated models available t?day do no~ 
begin to incorporate the complexity of real-world pol~ce operat7ons, 
and thus do not inspir~ ~he confidence of those ~ho must cope w~th 
such problems nonetheless. Second, even the bas~c cause-and-7ffect 
relationships necessary to specify the expected result ~f a g~ven 
resource allocation are not known well enough to s~ate ~n mathe:
matically precise terms: fo~ ,example, ~ne ~~~not ~n genera~ wr~te 
an equation stating the probable red~c~~on ~n number of acc~dents 
as a function of law enforcement act~v~ty. 

Thus, under the present state of knowledge, operations research 
alone cannot provide the police administrator with th7 too~s h7 
needs for better utilization of his resources. At th~s po~nt ~~ 
time, it should be more productive to provide decis;on-mak7 rs w~th 
relevant and timely risk information for use in the~r own ~nf~rmal 
decision-making ,process. Such an approach places less emphas~s,on 
the allocation process itself, relying more on the user's exper~~nce 
in dealing with the complexities and s~btleties o~ re~l:-world oper
ations. Instead, it stresses the qual~ty and ava~la~~l~ty of ~he 
information needed to make rational, if not mathemat~cally opt~mal, 
decisions. 
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Since 1968, IRPS has been operating a computerized risk in
formation system in Monroe County, Indiana. The system has been 
used as a research tool to investigate, under NHTSA sponsorship, 
the effects of speed on traffic accidents (contract FH-11-6965) 
and effects of moving and stationary enforcement symbols an traffic 
flow characteristics (contract FH-11-7476). Basically, the system 
was used to gather, process, store, and display traffic flow in
formation from a number of key highway locations in Monroe County. 
The information was collected by magnetic sensors at these locations 
and transmitted via telephone lines to a centrally-located computer 
facility where it was processed and stored for use in the research 
projects. As the projects progressed, the system's potential as an 
operational risk information system for allocating police traffic 
services became apparent, and in the fall of 1970, the NHTSA decided 
·to initiate the present project to demonstrate the system's feasi
bility as operationally useful management tool. 

1.4 Scope and Approach 

The main concern of the project was to provide operationally 
useful traffic flow information to traffic law enforcement agencies 
for their use in determining improved resource allocations for con
trolling traffic accidents. Secondary aims were to (1) provide a 
means for presenting selected operationally useful traffic accident 
information to traffic law enforcement agencies, (2) develop a 
limited capability for providing traffic flow information to the 
public, and (3) investigate the feasibility of developing decision 
making models for use by traffic law enforcement agencies in allo
cating their resources. Only a small fraction of the project's 
budget «10 percent) was applied toward the secondary objectives. 

The project was broken down into three phases for management 
purposes (see Figure 1-1). In Phase I, a detailed project plan was 
prepared, and a design philosophy for the risk information system 
was developed. The design philosophy embraced specified that the 
information system to be developed and operated (i.e., the comput
erized Highway Traffic Information System or CHTIS) would consist 
of three sUbsystems: 

•• Traffic Flow 
. ~ 

• Traf.f..i.-c Accident 

0 Analysis 

- 4 -

" 

, 



. 0'1. 

',.par. 
Detailed 
'roj.dPlan 

D ..... lop 
D.sign 
Philosophy 

PHASE' 

Project Planning' 

I 

., 

Con dud 
lit.ratur. 
Su, .... ." 

'nVIII,igot. 
R.lourc. -- Allocation 
Tecttniquel 

Dev.'op 
Accid.nt 
'"'orlllatlo,, 
Capability 

Modify Install o"d Telt 
COMput.r _ Expa"ded 
S.nlor }-----.""i COlllpute, 
5yste". D'lign Senior Syltel!\ 

Acquir. Ad. 

'",ple""nt 
andOp.rat. 
CHnS 

Te,t and 
Evaluat. 
CHnS 

~ . 

I ... 

Pr.par. 
Fino'Report 

____ ..... ~ ditional Equip- ~ 
""nt, Faciliti •• 
p.,lonn.l 

Develop Public I I Education }-.....!. ________________ . ....:.. __ _____ 

',ogra", 
R.quir.m.nts 

PHASE II PHASE III 

Research & Devolopment System Operation 

FIGURE 1-1: Project Technical Ap,proach 



The traffic flow subsystem would be an expanded and updated version 
of the existing Computer Sensor System and would be the heart of 
the CHTIS. This subsystem would be developed to full operational 
capability during the projeot. ,The traffic accident and analysis 
subsystems were to be concerned with accident information and re
source allocation models, respectively. They would be developed to 
the extent permitted by project resources but would not be a part 
of the final operational system. 

The first step of Phase II, Research and Development, was to 
modify the design of the existing computer sensor system to meet 
the requirements dictated by its intended operational llse on a 
county-wide basis. Eleven new sensor sites were selected, a.nd the 
necessary modifications to system hardware and software were 
specified. The necessar~ additional equipment, facilities, and 
personnel were then acqu1red, and the expanded computer sensor 
system (now known as the traffic flow subsystem) was installed and 
tested. 

At the same time, a modest research effort investigating new 
resource allocation techniques and decision-making models was' 
conducted, and methods for disseminating traffic accident infor
mation were developed. This work was supported by a comprehen'sive 
survey of the pertinent scientific and the technical literature. 
The rese~rch and development phase was completed with a study of 
the requ1rements for developing a public education program utilizing 
outputs from a CHTIS. 

, In,Phase III',the traffic flow subsystem was placed into oper
at10n w1th the Ind1ana State Police post having jurisdiction on 
all state highways in Monroe County, Indiana. The impact of the 
information provided on this police agency's traffic law enforce
ment resource allocation process, as well as its impact on traffic 
s~fety as a whole, were then analyzed qualitatively and quantita
t1vely. 

. The final project activity, was the preparation of the present 
f1nal report. The report is presented in eight major sections: 

• Introduction 

• Conceptual Framework 

• The Computerized Highway Traffic Informatiori'System 
(CHTIS) 

• CHTIS Research and Development 

'- 6 -
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t ,f. 

• CHTIS Implementation and Evaluation 

• Conclusions and Recommendations 

• References 

In addition, there are two reference volumes. Reference Volume I 
provides a detailed description of the computer sensor system which 
was used to provide information describing traffic flow, and Ref
erence Volume II contains an Accident Data Handbook which presents 
basic information required for identifying traffic accident risk 
in the study jurisdiction. 
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2.0 CONCEPTUAL FRAMEWORK 

The enforcement of traffic laws is not an isolated activity, 
but a part of an enormously complex process through which society 
attempts to control the negative benefits of its Highway Trans
portation System (HTS). The effectiveness of the enforcement function 
must ultimately be measured against its contribution to the achieve
ment of the objectives of this larger social control system. Thus, 
enforcement resource allocations should be designed to enhance over
all system effectiveness, and the nature of the information required 
for this purpose is dependent on the nature of the entire social 
control process. 

This section presents a brief overview of a conceptual frame
work for describing this process and a more detailed discussion 
of its information requirements. The material is based on concepts 
developed in a recent IRPS study entitled A Sys~tem Analysis of the 
Traffic Law System, performed for the National;Highway Traff~c Safe
ty Administration under contract FH-11-7270. 'i(lhe reader is referred 
to the final report of that study (reference l~) for further de-
tails. / 

2.1 
i 

The Highway TransI")()rtation Syste,m and Risk Generation 
I--~~-

The three basic elements of the Highway Transportation System 
are: 

• Man. 

• Vehicle. 

• Highway Environment. 

In simplest terms, the objective of the HTS is to provide fast, safe, 
road transportation via a private vehicle. The achievement of the 
objective will resul't in positive outputs (utility) in the form of: 

• Individual n~bility. 

• Convenience and ready access. 

• Distribution of goods. 

• Employment. 

• Demand for goods and services. 
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At the same, negative outputs (disutili ty) are produced as' a . 
result of dysfunctions in the HTS. Typical of these harmful effects 
are: 

., Deaths. 

o Personal injury. 

• Property damage. 

• Environmental pollution. 

• Aesthetic damage. 

• Breakdown of social institutions. 

Thus, the HTS generates risk to the public, and there is ,created a 
need to control that risk so as to maintain an acceptable balance 
between ,-he utilitJ:: of the HTS and the disutility of its harmful 
effects. 

2.2 The Traffic Law System and Risk Management 

A number of systems have evolved to control or influence activ
ity within the HTS. For example, the system of traffic rules known 
as "rules of the road" exerts a direct influence on man as an element 
of the HTS. Other less direct "systems'" also operate, for example, 
automobile and driver insurance companies which assess higher pre
miums against drivers with records of many traffic accidents or 
traffic violations. 

However, the primary control system for the HTS in the Traffic 
Law System (TLS). The TLS consists of four functional components 
within which the activities ~f the TLS agencies may be grouped: 

• Law Generation. 

• Enforcement. 

• Adjudication. 

• Sanctioning. 

The TLS operates in these areas so as to manage the risk gener
ated by. the HTS. The first response of the TLS to a perceived risk 
is to generate a law or regulation aimed at removing or decreasing 
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the risk (Law Generation). The law then must be implemented, a,ftex 
which it is enforced by government personnel acting as agents of 
the law (Enforcement). If the enforcement action takes t.he form of 
a citation or arrest, then the TLS must formally prosecute the vio
lator before an adjudicator who will determine his guilt or innocence 
(Adjudication). If the violator is found guilty, then the TLS must 
impose the p~nal ty sta,ted by law. 

The larger aspects of the risk management process itself are 
depicted in Figure 2-1. The interaction of man, vehicle, and envi
ronment within the HTS results in both utility and disutility, and 
the latter is perceived by the public and the TLS as a risk requiring 
control. The TLS is charged with the responsibility of executing 
cbntrol forces (as indicated in the preceding paragraph) on those 
HTS components believed to be the primary risk generators. However, 
the TLS does not act against risk solely on the basis of its own 
perception, but is both directed and constrained by the public. 

What is critically important to the present study is that both 
the public and the TLS base their risk management actions on their 
perceEtions of risk as w71l as their perceEtions.of.what.should be 
and is being done about ~t. In a properly funct~on~ng r~sk management 
process, perceptions must closely approximate actuality, and this in 
turn requires a free transfer of relevant and accurate information 
between the HTS, the public, and the TLS. 

2.3 Functional Model of the Risk Management Process 
; -

The information needed for risk management is best considered 
from what is required to support the primary functions of the social 
control process itself. From the preceeding discussion these func
tions may be identified as follows: 

• Identify Risk. 

• Analyze Risk. 

• Allocate Resources. 

• Apply Risk Control Forces. 

The flow diagram of Figure 2-1 may be re-drawn to depict this 
process as seen from a functional viewpoint. The resulting schematic 
is presented in Figure 2-2 and shows the most significant interfaces 
occurring in the process as we.ll as the five primary functions. Here 
it can be seen even more clearly than before how the public and the 
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FIGURE 2-1: The Risk Management Process 
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TLS function together to control the risk generated by the HTS. 
However, ~t must be emphasized that while both the public and the 
TLS partiQipate in the process, only the TLS functions so as to 
consciously manage risk, so that the concept of the TLS as the 
primary HTS risk management system is retained in this formulation. 

Response to risk-generating HTS dysfunctions is initiated when 
the risk event or series of risk events is sensed by both the public 
and the TLS. At this point, the task is to identify the risk, and 
this requires the accurate determination of both the cause of the 
dysfunction and the deigree of risk caused by the dys function. Next, 
it is necessary to analyze the risk to determine whether or not the 
magnitude of the risk is sufficient to warrant further elction or 
concern~ If not, the process stops for the particular dysfunction 
being considered. If the risk is considered to be both worthy of 
and amenable to corrective action, then the TLS must decide how 
best to alloca.te its resources to reduce the risk to an acceptable 
level. The allocation problem must be considered in light of the 
demands placed on the TLS by other HTS dysfunctions and requires, 
among other things, the establishment of priorities among invidivual 
risks so as to maintain the lowest possible total disutility within 
the HTS. A further consideration of the TLS in determining its al
location p,':)licy is the public's ow:n assessment of risk. The resulting 
pressure on the TLS (indicated by 'the de;tted arrow in the diagram) 
will be a major factor in determining risk priorities and in selecting 
measures for dealing with the risks. 

The final primary function of the risk management process is 
to apply control forces against those HTS components believed to be 
primarily causes of the dysfunction. In the case of the public, 
these control forces consist of actions aimed at changing one's own 
driving behavior, as well as the driving behavior of one's relatives, 
acquaintences, and other social groups. Direct public control forces 
can also take the form of economic and other pressures exerted against 
HTS components and HTS support agencies (e.g., vehicle manufacturers, 
.oil companies, and so forth) believed to be causing the dysfunction. 

TLS - generated"control forces will be of the kind described 
in the previous section, i.e., the gf:neration and enforcement of 
laws prohibiting the behavior believled to be responsible for the 
dysfunction and the imposition of sanctions against those found t.o 
have violated those laws. 

2.4 Information Requirements for Risk Management 

The information requirements for risk management can now be 
identified in terms of the primary functions that are performed in 
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the risk management process. At this point, however, it will be 
more pertinent to depart from the more general treatment of the 
preceding sections and concentrate on the particular types of risks 
and the particular TLS component that are the subject of the present 
study. Specifically, the following discussion will be mainly con
cerned with traffic accident risk as related to driver behavior and 
with the enforcement component of the TLS. 

Information requirements for supporting the four primary risk 
management functions and presented in Table 2-1. Risk identification 
requires information describing accident disutility in terms of such 
factors as numbers of accidents, cost of accidents, number of people 
injured in accidents, number of accident fatalities, number of ac
cidents inVOlving property damage only, number of non-total accidents 
involving one or more personal injuries, and number of accidents 
involving one or more fatalities. Further, it is required to know 

'the where and when the various kinds of accident disutility are oc
curring and the conditions existing at the time and place of acci
dents. Typical measures of accident conditions will include infor
mation describing the involved driver, the involved vehicle and the 
nature of highway environment in terms of such factors as weather, 
highway geometry, highway surface, and traffic flow. Ideally, these 
measures of accident conditions would completely define the local 
state of the HTS for a given accident. 

Risk analysis requires all the information required for risk' 
identification, plus several additional types. However, enforcement 
information requirements and public information requirements will 
differ simply because each component analyzes risk differently. 
Enforcement will first need a clear definition of the kind of en
forcement techniques that are available for use against the identi
fied traffic accident risk. This requires not only a listing of the 
techniques (e.g., speed trap, stationary enforcement symbol, moving 
enforcement symbol, enforcement "campaigns"), but also a statement 
of their general applicability to the times, places, and conditions 
of risk occurrence. In this respect, it will also be necessary to 
state clearly the operational constraints under which any potential 
anti-risk activity would have to be conducted. The availability of 
resources for traffic law enforcement as a function of time and lo
cation would constitute a major category of such constraints. 

The enforcement risk analyst also needs to know how his arsenal 
of enforcement techniques is likely to affect driver behavior and, 
hence, accidents that are related to driver behavior. He will, there
fore, need the results of studies conducted in his own jurisdiction 
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I~formation Requirements to Support Primary 
Risk Management Functions 
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to measure these interactions. Obviously, knowledge of resource 
deployment is essential to such studies. 

If the enforcement agency is to be responsive to the desires 
of the public, it must be aware of public perceptions of risk and 
public attitudes about enforcemen't techniques employed in the a'p
plication of risk control forces. If, for example, the public is 
aware that high-speed, high-density traffic is creating a risk on a 
certain highway segment but is willing to tolerate that risk as a 
result of its own cost-benefit trade-offs, then the enforcement 
agency should adjust its priorities accordingly. Similarily, if the 
public chooses to tolerate a risk in preference to the inconvenience 
caused by the enforcement technique known to be most effective against 
that risk, then the enforcement agency will have to select a technique 
of lesser effectiveness or, perhaps, take no anti-risk action at all. 

The public will need most of the same types of risk identifi
cation and analysis information as enforcement agencies, but the 
information will have to be presented differently and will, in some 
cases, be less detailed. The data elements presented, the manner 
of presentation will all require considerable attention in designing 
an effective public education program (see Section 4.4 for a discus
sion of public education information requirements). 

The resource allocation function will require the same types 
of information necessary for risk analysis. The ma'in difference will 
be seen in degree of detail and specificity. The risk analysis func
tion is essentially a screening operation to determine (1) whether 
or not an identified risk should, receive enforcement action and (2) 
the general priority of that risk among other risks. Resource allo
cation, on the other hand, is concerned with the selection of a 
soecific mix of well defined enforcement activities that are intended 
t; be implemented. For example, a risk analysis problem might in
volve only a qualitative estimate of the effect of enforcement tech
niques on driving behavior to determine whether or not a particular 
risk location was amenable to enforcement action at all. The resource 
al:location problem would be concerned, in addition, with such matters 
as how long various enforcement techniques would continue to influ
e~ce driver behavior and how that influence might vary over ,time. 

2.5 Risk Information Systems 

Figure 2-3 shows the risk management process as it relates to 
those II sys tems ll which collect, process, and disseminate risk informa
tion. These activities are performed by a wide variety of largely 
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un'coo:J:'dinated mE~chanisms ranging from the direct Q)bservations of 
individu,als to highly sophisticated computerized record systems 
maintalined by large organizations. Public agencies on all levels of 
government are involved, for example, the National Highway Traffic 
Safety Administration, state divisions of motor vehicles, and local 
law enforcement agencies., Thus, a risk information system is no't 
necessarily external to the TLS but, is often an impo,rtant support 
component of a specific TLS agency. Private agencies such as the 
National Safety Council, organs of the mass communications industr.y, 
and o:J:'gcUlizations sponsored by the insurance industry are al,so highly 
active in various aspects; of information development and dissamina
tion. 

Risk information systems operational today are of limited scope 
and arle directed at supporting a single (or perhaps as few) opera
tional or support functions of a specific TLS subsystem. No inte
grated risk information system exists at the prese:nt time nor, for 
that miatter, is there any system which can provide all of the data 
needed to support any given primary risk function performed by a 
single TLS subsystem. Specifically, there is no risk information 
system operational today which provides all the types of information 
(listed in Table 2-1) needed to perform any of the primary enforce-

ment functions involved in managing traffic accident risk. 

All risk information systems perform the same general functions: 
the collection, processing, and dissemination of risk information. 
Information is collected from the HTS, the TLS, and the public in a 
form u9ually not suitable for immediate use. Examples of this raw 
risk information are data contained on police accident reports, traf
fic f1<:>w data gathered by traffic engineers, and reElponse to public 
attitude surveys. 

The risk information systems must therefore process the raw 
information for presentation in some meaningful format. In its 
simplest form, this processed information appears as tabulations or 
charts of the raw information presented in an orderly and methodical 
way, fc)r example, a summary of accident statistics for a given juris
diction. This kind of processed information is called refined risk 
informcltion in the present report. 

Further levels of information processing may also occur, result
ing in entirely new interpretations of the original info:cmation'. 
This detrived risk information 'will relate various elements of raw 
and refined risk information to more meaningful, problem-oriented 
variables. For example, a statistical analysis of refin~-:t accident 
informaLtion may result in a $ing1e meaE~ure of accident disuti1ity at 
a given location; a mathematical analysis of the enforcement resource 
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allocation process may result in guide lines for allocatinq patrol 
units over various sect.ors of a jurisdiction, an,d so forth. 

The last major function of risk information systems is to 
disseminate its output to the various user elements. The form of 
the information output will vary according to the nature of informa
tion output and will also depen~ heavily on its intended use. In 
general, however, all three categories of information (raw refined 
an~ derived) will be disseminated in the form of hard copy' (e. g. " 
p~~n~ed reports, letters, computer printouts), images formed on 
v~ew~ng screens (e.g., cathode ray tubes, microfilm viewers) and by 
word o~ mouth~ The outputs may be produced periodically, on an 
except~on bas~s, or as called for by the User. 
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3.0 'rHE COMPUTERIZED HIGHWAY TRAFFIC INFORMATION SYSTEM 

This section of the report describes the particular risk iY~" 
formation system that was developed and utilized in the present 
project: the Computerized Highway Traffic Information System 
(CHTIS). The material presented is intended to provide the reader 

with a general understanding of: 

• How the CHTIS functions within the framework described 
in the previous section. 

• The system's information input requirements and its in
formation output capability. 

• The CHTIS configuration in terms of the equipment and 
facilities required for its operation. 

The discussion is intended for the general reader with no specialized 
knowledge of information systems and the many related technical dis
ciplines. Further, technical details will be found in the reference 
volumes, and a detailed discussion of the system's information re
quirements and information outputs is contained in Section 4.0 of 
the present volume. 

3.1 Overview of~he System 

The CHTIS is designed to support traffic accident risk manage
ment by local traffic law enforcement agencies and to provide cer
tain risk identification information to the public. Its basic 
functions are shown schematically in Figure 3-1. The system collects 
three kinds of data: 

• Vehicle detection and identification data. 

• Traffic accident data. 

• Enforcement data. 

Vehicle detection and identification data are obtained in the 
form of electrical signals transmitted from magnetic sensors ,located 
on major highways in Monroe County, Indiana. The signals are re
ceived at the IRPS data operations facility where they are processed 
by a digital computer and translated into raw and refined informa·
tion describing traffic flow for any given time period. The pro
cessed information is then disseminated to the local press,' and 
to the local Indiana State Police (ISP) post. 
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'rr.affic accident data are collected in the form of computer 
tapes which contain accident data obtained from police reports on 
Monroe County, Indiana, accidents. The CHTIS compiles and summarizes 
these tapes on specially created files which are used to produce 
statistical reports for county law enforcement agencies. 

Enforcem~nt data are collected from county law enforcement 
agencies for ~se in developing derived information. The data de
scribes police patrol unit deployment, traffic law enforcement 
tactics, operational constraints, dnd so forth, and are used in 
conjunction with flow and accident data to devise accident indexes, 
enforcement indexes, and resource allocation guidelines. 

Table 3-1 shows the CHTIS present capability to produce the 
15 basic types of information needed for the management of traffic 
accident risks. It is seen that in its ~resent state of develop
ment, the system functions primarily in a risk identification mode: 
that is, it has, at least, a moderate capabi~ity to produce infor
mation used directly for risk identification. Some capability 
exists for developing derived risk analysis and resource allocation 
information for enforcement agencies, but there is no present capa
bility in the area~~ of enforcement operation support., public atti
tudes, or interact10ns with other TLS components. It is also ap
parent from Table 3·-1 that the CH'rIS is, at p:r::esent, essentially an " 
enforcement information system with a moderate capability for p:r::o
viding the public with traffic flow information. However, little 
additional effort would be needed to make all of the :r::isk identifi-

d' ~, 'D 

cation information available to t;he public. 

The system's greatest capability by far is the area of traffic 
flow information, where What must be d,8sc:r::ibed as a full capability 
exists fo:r:: desc:r::ibing the state of a t:r::affic st:r::eam at selected lo
cations. Further, the system is capable of providing this infor
mation to local law enforcement agencies on a periodic, exception, 
or real-time basis. 

The primary components of the CHTIS are depicted in Figure 3-2. 
The heart of the system is an IBM 1800 digital computer and asso
ciated peripheral equipment. The computer constantly monitors 
vehicle sensors at 25 key locations in Monroe County, Indiana, and 
stores, processes, and produces the resulting traffic flow informa
tion for dissemination in the form of computer reports and real
time cathode ray tube (CRT) displays. The display units are located 
at the ISP Bloomington post and at the IRPS data operation facility. 

The computer also has the capability of accepting and processing 
the ISP accident tapes to produce tabulations and graphical displays 
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T ABLE 3-1: 
Ptesent Information Output Capability of the CHTIS 

Capability 
Type of Information 

Full Moderate Some None 

1. Accident Disutility 
'. V x 

2. Accident Locations V I x 

.. 

J 

3. Accident Times x V 
4. HTS Conditions I) I 

.Traffic Flow x V 
" 

.Other xV 

5. Enforcement Techniques V Definition x 

6. Enforcement Operational / 
Constraints x V 

7. Enforcement Resource V Deploymel.1. t x 

8. Enforcement Techniques / 

! Effects (Driver Behavior) x V 
I 

9 . Enforcement Techniques ( Effects (Accident Disutility) x 

10. Driver Behavior Effects V on ~ccident Disutility x 

11. Enforcement Operations vi Support x 

12. Public Attitudes on 
x ,;! Accident Disutility 

13. Public Attitudes on xV Accident Priorities 

14. Publlc Attitu~es on / 
Accident Cont~ol Forces xV 

I 

, 15. Interactions with Other 
x vi TLS Component~ 

\ 

\ x Enforcement Information Capability 

,V public Information Capability 
24 "" .. /,:.r ..,. 
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of accident disutility measures as a function of location, time 
and highway environmental factors. Using the traffic flow infor
mation, accident information, and enforcement information as inputs, 
CHTIS analysts also utilize the computer in statistical and mathe- ~ 
matical studies of accident causation, enforcement effects on traffic 
flow, ctnd enforc,;;:i\·.\:~J:1t resource tl.llocation techniques. 

In summary, the CHTIS col~Gcts, processes, and disseminates 
traffic ~~cident related information in Monroe County, Indiana (see 
Figure 3-3). The major subsystems which perform these functions 
have been identified as: 

• Traffic Flow Subsystem .. 

• Traffic Accident Subsystem. 

• Analysis Subsystem. 

Of the three, the Traffic Flow Subsystem is by far the most 
complex and highly-developed, and is, in fact, the heart of the 
present CHTIS configuration. Additional details on its mode of 
operation and major components are provided below. 

3.2 The Traffic Flow Subsystem 

This CHTIS subsystem performs all 
lecting, processing, and disseminating 
generated at the vehicle sensor sites. 
conveniently grouped into the following 

• Detect and Identify Vehicles. 

• Transmit Signals. 

activities involved in col
traffic flow information 
These activities are most 
four functional categories: 

• Process, Store, and Display Information. 

• Perform Maintenance. 

The four functions and their major interfaces are shown schematically 
in Figure 3-4 and are discussed separately below. 

3.2.1 Detect and Identify Vehicle 

Vehicle detection is accomplished through magnetic sensors 
located at 25 selected sites on four Monroe County, Indiana, high
ways (see Figure 3-5). The site locations were selected to provide 
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maximum coveraae of the major highways leading in and out of 
Bloomington, I~diana, the home of Indi9na University. 

EACh sensor site has two rectangular loops of coiled wire 
embedded in each lane of highway (see Figure 3-6). When an elec
trical current is passed through a loop, an inductance is created. 
A vehicle passing over the loop causes a change in this inductance 
which is utilized by the vehicle detection circuitry in confirming 
the vehicle's prosence. 

A vehicld travelling over a loop set will generate two sig
nals, 'the fi:r.st indicating the presence of the vehicle over the 
first loop circuit and the second indicating the pr~sence of the 
vehicle over the 8e~nnd loop circuit. These two signals and their 
time phasing form the basis for later computation of the traffic 
flow variables at a given location. 

The traffic ~low subsystem also possesses a limited capability 
for identifying vd"licles passing a sensor site. Indiana State 
Police (rSP) ~nd Monroe County Sheriff's Department (MCSD) vehicles 
Rre equipped with short wave radio transmitters whose signals are 
received by radio receivers located in the sensor site equipment 
cabinets (see Pigure 3-7). Each agency transmits on its own unique 
frequency which provides the basis for agency identification. Non
pollce vehicles are identified by an absence of a transmitted radio 
signal. 

3.2.2 Transmit Signals 

~h~ signals generated at the sensor sites are transmitted over 
telephone lines to the IRPS computer facility at Indiana Uriversity. 
The signals are receivod at a test panel at the facility, and are 
then passed through an interface circuit which converts them to a 
form suitable for inputting into the computer. At the same time~ 
the signals are sent to a demonstration map (resembling Figure 3-5) 
which has smnll light bulbs placed at points representing loop set 
locations. The liglltS flash on when vehicles cross the loop sets. 

3.2.3 Process, Storo and Display Information 

The basic fun~tion of the computer is to convert the sensor 
site signals to raw information describing traffic flow throughout 
the county. In performing this function, the computer operates as 
a sophisticated timing clevi'e solving the familiar equation: 

dis tanc(~ 
spocd = time 
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the "distance" term is the spacing between the loops in a loop set, 
and the i~time" term iiS the time required for a vehicle to traverse 
that distance. "Distance" is (3. known fixed value for all loop sets 
(i.e., 25 feet) and "time" is determined as the time difference be-
tween the signals generated by vehicle crossings of the loops in a 
loop set. 

The computer is also able to calculate the approxi~ate length 
of the vehicle passing over a loop by solving the equat10n~ 

length = speed x time, 

where "time" is no~ the time required for the vehicle to cross one 
of the loops in a loop set. 

Numerous other functions are performed by the computer in rro
cessing the sensor site signals. It must, for example, store the 
speeds and lengths of the vehicles, the times at whi~h vehicles 
pass the sensor sites, and the identities of the veh7cles. It m~st 
retrieve the stored information and prepare it for d1splay on pr1nt 
outs or on the Cathode Ray Tube (CRT). It must assist the operator 
in calibrating the subsystem (see Section 3.2.4), and it,performs 
so-called non-process computations in support of the acc1dent and 
analysis subsystems. 

The computer operates in a time-sharing mode in performing 
these activities. The management of the various computational tasks 
is accomplished through a program provided by the co~puter manuf~c
t'urer. Thi~p'rogram, called the Time Sharing Execut1 v7 or. TSX r :s 
stored in the computer core and allocates the,co~p~ter s t1me ac 
cording to specified priorities. Six such prlor1t1es have been 
established. 

The computer's first priority is the acceptance and proces?ing 
of data from the sensor sites. Since these data are produce~ d1s
cretely rath~r than continuously, it is not neces?ar~ to mon1tor 
the loops continuously, but only to scan them perlod1cally to see 
if data requiring processing has been generated. If n~ data has 
been generated during a given scan, the~ t~e compu~er 1S free to 
perform other functions (in order of pr10r1ty) unt11 the next scan. 

The second priority is the sensing of change of calendar dat.e 
and preparing the computer storage to accept data collected during 
the new day. 

The third priority is the real-time display of the ra,., infor
mation being generated at a given sensor site. Because of the short 
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length of time required to scan the sites (less than .005 seconds), 
there is no perceptable inte~ruption in the display. 

The fourth priority is the performance of certain pre-deter~ 
mined computations at the discretion of the computer operator. Up 
to eleven such programs can be handled by the TSX. 

The fifth priority is the presentation of data for calibrating 
the Traffic Flow Subsystem. This priority utilizes functions of 
the first priority (data collection) and the fourth priority (opera
tor control). 

The sixth and final computer priority is the performance of 
computations to support the Traffic Accident and Analysis sUbsystems. 
If, for' example, a regression analysis is required to study the 
effect of average traffic speed on total number of accidents, then 
the related data processing activities would be performed only after 
the other five priorities have been satisfied. Computer operations 
related to this kind of activity have been termed "non-process" 
since they are external to the primary functions of the Traffic Flow 
Subsystem. 

The major items of equipment employed in pro~essing, storing, 
and display the traffic flow data are shown schematically in Figure 
3-8. It is noted again that there are two CRT terminals, one loca
ted at the IRPS computer facility, and the other at the Indiana 
State Police Bloomington Post. 

3.2.4 Perform Maintenance 

The Traffic Flow Subsystem employs a wide variety of highly 
complex, electronic and mechanical equipment which must be kept opera
ting 24 hours a day to accomplish system design objectives. There 
is, therefore, a need for high levels of reliability and maintain 
ability for all critical components of the system. rrhe system was 
designed and developed with this requirement firmly in mind, and 
particular emphasis was placed on developing and implementlng opera
tional procedures for performing both periodic and unscheduled 
maintenance. 

Periodic maintenance schedules and procedures were develop~d 
from three logs which were kept throughout the developmental and 
operational phases of the project: 

• Calibration log. 
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• Computer Status log. 

• Repair Performed log. 

Unscheduled maintenance procedures were based on recommendations 
from the equipment suppliers and experience gained in operating 
the equipment. 

The success of the maintenance effort is indicated by the 
very high levels of system availability achieved during system 
operations: approximately 94 percent of the loop sets were avail
able (i.e., generating acceptably accurate traffic flow data) dur
ing a five-month period in 1971. The computer operated properly 
during 95 percent cf this period. 
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4.0 CHTIS RESEARCH AND DEVELOPMENT 

This section of the report discusses the effort conducted under 
the present contract to develop an operational risk management infor
mation capability in Monroe County, Indiana. The research and devel
opment activities and results are described under the three primary 
risk management functions that the CTIS is designed to support: 
risk identification, risk analysis, and resources allocation. All 
three categories of risk information (i.e., raw, refined r and derived) 
are treated. In addition, this section presents a discussion of 
cons.ideration applicable to the development of public education pro
grams utilizing risk information generated by the CHTIS. 

4.1 Risk Identification 

Table 4-1 summarizes the six categories of risk identification 
information outputs that were sought during the research and develop
ment phases of the project. The raw and re fined traffic flow infor
mation outputs consisted of the basic data generated by 50 CTIS loop 
sets and processed for dissemination to the local police agencies and 
local newspapers. The raw and refined accident information outputs 
consisted of accident statistics for Monroe Cotmty as contained on 
the Indiana state Police data tapes and a presentation of those 
statistics in the form of an Accident Data Handbook to be used by 
local police agencies. In addition, a limited research effort ~as 
conducted to identify possible theo~etical or empirical express~ons 
for providing derived information describing accident risk and its 
relationship to traffic flow variables. 

Each of the outputs shown in the table is discussed in detail 
below. 

4.1.1 Raw and Refined Information 

4.1.1.1 Traffic Flow Information 

The raw information describing traffic flow is generated by the 
CHTIS in response to vehicles passing over the magnetic vehicle 
detectors (i.e., loop sets). The nature of this information is com
pletely determined by the times of interaction of a subject vehicle 
with the loop set geometry. It was noted in Section 3.0 that each 
of the 50 loop sets consists of two loop circuits embedded in a 
highway traffic lane a fixed distance apart. Thus, a vehicle travel
ling over a loop set will generate two signals, the first indicating 
the presence of the vehicle over the first loop circuit and the 
seco . .nd indicating the presence of the vehicle over the second loop 
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TABLE 4-1: CHTIS Information 

Type 
Information 

Raw 

Refined 

Derived 

Outputs for Risk Identificatjon 

Information Output 
Acciden"l:s Flow 

Indiana State Police Loop Set Data 
Accident Statistics 

Accident Data Handbook Real-time and 
Reports 

Accident Indexes and Traffic Flow 
Analyses and Analyses 

38 

Summary 

Indexes 

. . 
~;~----------------

.. 

circuit. The computer records the times at which both signals are 
initiated and terminated and uses this information plus information 
describing the loop set geometry to compute all vehicle parameters. 
Table 4-2 lists the resulting ~nformation. 

Some commentary is required on the data elements in Table 4-2. 
First, vehicle ,headway is defined as t.he time difference in milli
seconds between successi w= vehicle crossings of the loop sets. Ob
viously, one may obtain an estimate of the distance between vehicles 
through the expression: 

SPACING (FT.) = .001467xMPHxHEADWAY(MSEC.), 

where: MPH = speed in miles per hour of the n-lst vehicle 

HEADWAY(MSEC.) = headway in mi.lliseconds of the nth vehicle. 

It is also clear that the sequencI= of vehicle passage over the 
loop circuits comprising a loop set will allow one to determine a 
vehicle's direction of travel, i.e., whether the vehicle is travel
ling in the intended direction of traffic flow for a given lane 
(normal) or opposite to it (passing). Finally, it should be noted 
again that Indiana State Police (ISP) p<:ttrol vehicles and Monroe 
County Sheriff's Department (MCSD) patrol vehicles were equipped with 
special shortwave transmitters whose unique signals were received 
at the time of passage over a loop set. A means was thus provided 
to identify a given vehicle as ISP, MCSD, or "other." 

The raw traffic flow data described above are stored on seven
track, 556 bits per inch (BPI), magneti6 tape. Each 64-word record 
contains values of these data elements for 25 vehicles at a given 
loop set. The records from a given loop set are sequential in time 
but are in general separated by records from other loop sets. Each 
tape contains on the order of 40,000 redords, or data for about 
1,000,000 vehicles. The data on a sing~e tape cover a time period 
of about three days for the full 50-1oQP set system. The total data 
bank consists of 265 data. tapes containi.'1g approximately 10,000,000 
records for over 200,000,00 0 vehicles.) 

In addition to storing the raw traffic flow information for 
future use, a capability was developed to display the information on 
a real-time basis. Upon command by an operator, the information col
lected from a given loop set was presented on cathode ray tube (CRT) 
display units located at the computer facility and, later in the 
project, at Indiana State Police Post no. 33. Figure 4-1 presents a 
facsimile of a typical real-tlme display of raw traffic flow infor
mation. 
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TABLE 4-2 
FIGURE 4-1 

Raw Traffic Flow Information Generated by a CHTIS loop Set 
Format for Displaying Real Time Traffic Flow Informatior, 

I' Run 6 
Data Element Symbol Units/Dimensions Accuracy 

You are monitoring loop set 39 
Carrie~, ,-

Time of loop i 
BCNT TIME DrR MPH LEN HEADWAY CARC BADC Li 

ij 
;1 

crossing TIME Hours -3.6 sec. 
Ii 
li 

20 13780 0 51* 18 -19169 1147 16 
21 13781 0 50* 18 -4965 1148 16 

Vehicle Speed MPH Miles per hour + 1 miDh (trun-- cated) 22 14005 0 51* 16 0 1149 16 
23 14005 0 51* 15 -2941 1150 16 
24 14006 0 62* 19 -3659 1151 16 
25 14026 0 45 15 0 1152 16 

Vehicle r~ength LEN Feet + 1 foot -
26 14026 0 47* 15 -2951 1153 16 
27 14041 0 49* 20 0 1154 16 
28 14041 0 48* 12 -1270 1155 16 

Vehicle Headway HEADWAY Milliseconds + 1 millisecond -
29 14042 0 49* 15 -2405 1156 16 

Vehicle 30 14045 0 46* 16 -12445 1157 16 
31 14052 0 61* 21 --25237 1158 16 
32 14065 0 64* 19 0 1159 16 
33 14069 0 53* 21 -16271 1160 16 

Direction DIR 0 - Normal 
1 - plassing --

------r-' 34 14070 0 44 15 -4329 1161 16 
Vehi,cle Type -- 2 - IS'P --

*Speed limit, violation 
3 - Sh,eriff 
4 - Other 
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It was noted previously in this report that the CHTIS evolved 
over a period of about two and one-half years to its final levE\l of 
capability (see Table 4-3). In its initial configuration t as 
developed under National Bighway Safety Bureau contract FH-ll-6965, 
16 loop sets were operational by January, 1969. In November, 1969, 
(under. the same contract) another 12 loop sets became operational. 
All 28 sets were located along Indiana highways 37N and 37S at a 
total 14 sites where flow parameters were measured for both direc
tions of travel. Data for 50 loop sets did not become available 
until March, 1971, when the additional 22 loop sets, installed under 
the present contract and located on Indiana Highways 45, 46, and 48, 
became operational. Thus, in its final configuration, the CHTIS 
possessed the capability to collect and store traffic flow data ,in 
both directions at 25 locations in Monroe County, Indiana. This' 
capability was available for the time period March, i971, through 
December, 1971. A more limited capability covering 14 locations was 
maintained from November, 1969, through December, 1971, and a total 
of eight locations were monitored over the entire three-year period' 
from January, 1969, through Oecember, 1971. 

-) Of course, the information was not available 100 percent of 
the time duri~g these time periods. From ti1~ to time various of 
the system components became either non-functional or did not func
tion properly. This resulted in either the total system or parts 
of it being "down" or not available part of the time. Thus, a sys
tem user seeking raw traffiq flow information for a given time 
increment during the above periods of operation could not expect, 
with certainty, such information to be available. The system avail
ability is measured here by the expected fraction of loop sets .,' 
producing acceptably accurate traffic flow information at a given 
time accuracy. Table 4'''-3 presents estimates system ava.ilabili'\c.y for 
two time factors calculated under the criterion that no more than. 
fi ve, percent of the vehicles were counted incorrectly. The general 
conclusion is that sysfJem availability improved significantly over 
the three-year period of operation, rising to a value of nearly 90 
percent for the full 50-loop set system. 

The reasons for system unavailability are both var~ed and com
plex (see Tabl~ 4-4). In general, all subsystems must occupy unfailed 
states (according to specific failure criteria) and their ability 
to do so is a function of their ,reliability (mean time before failure) 
and ma~ntainability (mean time to repair). Some component failures 
may require mainte'!lan.ce action while others, caused by environmental 

'Ql1d ,other factors, may be self-correcting. Computer unavailability 
may be d,';.le to component. support, or human failures .. or simply to an 
intentid~al shut down for revising software or updating hardware. . 
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TABLE 4-3 

Raw Traffic Flow Information Availability Sum~ary 

System Number of Date System 
Configuration Loop Sets Operational Availability 

( 1) 

(2) 

(3) 

1 16 Jan. 69 .73(1} 

2 28 Nov~ 69 --- ( 2) 

3 50 Mar. 71 .89(3) 

Expected fraction ~f loop se~s availa~le ~n a 
given one hour per~od accord~ng to cr~ter~a: 
(a) A summary report was printed, and 
(b) Percent of bad car counts ~ 5 percent. 

(Source ref. 10) 

Availability was not computed for this con
figuration. 

Expected fraction of loop sets available in a 
given 24 hour period according to criteria:, 
(a) Vehicle count for a loop set > 200 veh1cles 

a day, 
(b) Percent bad car count < 5 percent, 
(c) Computer available. 
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Typical Causes of Raw Information Unavailability 

r-------,---------~.------------------.--~--.------------------------------~-----
Availability 

Criterion 

Vehicle Count 
>200/day/loop 
set 

BCC ,:.5%/100p 
set 

computer 
Operating 

Influencing 
Subsystems 

Vehicle De
tection, 
Signal 
Transmission 

Vehicle De
tection, 
Signal 
Transmission 

Computer 
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Typical Causes of Pailure 
to Meet Availability criterion 

1. Component failure 

1. Spurious failures in ve
hicle detector relays 

2. Failure of a passing ve
hicle to cross both 
loops in a loop set 

3. Imbalance in detection 
sensitivity causing one 
loop to detect while the 
other does not 

4. Spurious failures in 
telephone or power line 

1. Component failure 
2. Power/air conqitioning 

failure 
3. Operator error 
4. Software revision 
5. Hardward update 
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Table 4-5 shows a breakdown of availability by major subsystem 
for the months of May through September of 1971. 'It is seen that 
the computer and loop set availability are about the same (-.94). 
It is also clear that the total system is capable of achieving very 
high levels of availability: when computer availability was based 
on down time due to computer failures ~nly (a reasonable operational 
criterion), a total system availability of .95 was achieved in 
September, 1971. The average total system availability for the six
month period was .89. 

The utility of the raw traffic flow information is dependent 
not only on the nature and availability of the data, but on its 
reliability and accuracy as well. During the project, maintenance 
procedures were established to maintain maximum standards of datq 
accuracy within limits inherent to component and system design. (1) 
The results achieved are summarized in Table 4-6 for key data elements. 
The vehicle speed error averaged +3.6 mph (10) over all sensor sets 
at times of calibration. This amounts to about seven percent at a 
vehicle speed of 50 mph. Vehicle length errors were higher (0 = +4.2 
feet) due to inheren~ physical limitations of the measuring technique . 
Vehicle headway errors of only +2 milliseconds were achieved. It 
was found that, on the average,-about 4.5 percent of the vehicles 
were counted incorrectly (i.e., "bad car counts"). No relationship 
was found between time, between system calibrations, and the amount 
of error in vehicle speed, length, or headway. It is, therefore, 
concluded that errors due to timewise drift are probably negligible 
over time periods of the order of days. 

In addition to storing and displaying the raw traffic flow in
formation, a capability was devBloped to prt~sent summary and other 
special reports and displays from the raw illformation. One of the 
most basic presentations of this "refined" information was the sum-
mary 1 report shown in Figure 4-2. This report presented a listing 
of t~e basic raw flow information for the last ten vehicles passing 
over a given loop set and provided, in addition, a summary of car 
count, a bad car count, and percent bad car count measured since the 
previous midnight. The report was displayed on the CRT device at 
the command of the operator. 

A summary report listing the basic traffic flow parameters for 
vehicles crossing a given loop set in a given time period was avail
able.in hard copy at the request of the user (Figure 4-2A). The 

1. A detailed discussion of periodic and unscheduled maintenance 
procedure is contained in Reference Volume I of this report. 
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TABLE 4-5 

Raw Traffic Flow Information Availability Breakdown 

Full 50-Loop Set System 

Month Comouter Loop Total System 
f---

criterion 1 criterion 2 Sets criterion 1 Criterion 

May I .995 .996 .841 .836 .837 

June .905 .931 .955 .864 .889 

July .918 .936 .955 .876 .894 

August .899 .910 .944 .840 .860 

.874 .953 
September .908 .991 .963 

Average .927 .953 .938 .858 .893 

Notes: (1) Year lC)7l 

(2) Criterion 1 includes all computer down time, regard
less of cause . 

.. 
(3) criterion 2 includes computer down time due to 

comnuter failures only. 

(4) Criteria for total system availahility: 
a) Vehicle count for a loop set > 200 vehicles/day 
b) Vehicle bad count for a loop set ~ 5%/day 

(5 ) 

c) Computer available -' 

LOOP set availability calculated from computer 
a,,:,ailabili ty and total system availabili ty . 

46 
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TABLE 4-6 

Raw Traffic Flow Information Measuring Errors 
S.I.ded Data Eleme'nts 

2 

Data Element ! Error l 1 % Error 

I 
(10) (la) 

i 
I Vehicle Speed ±-3.6 mph +7.2(1) , 

I -

I 

Vehicle Length +4.2 ft. +21. 0 (2) I 
I 

- -

I 
Vehicle Headway +2.0 ms (1) 

- I -

I Vehicle Count - 4.5(3) I 11 ~ 

Notes: (1) At 50 mph 
(2 ) For a 20 ft. vehicle 
(3 ) Average % of vehicles counted incorrectly during 

a given time period 

, 

t 
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FIGURE 4-2 
Format for Displaying Real Time Summary 

Traffic Flow Information 

Run 1 

Dat~ is Decenmer 17, 1971 

Loop 1 

CARe 1450 BADC 24 PERCENT BAD 1. 65 

TIME DIR MPH LF.:J HEl\DWAY 

14201 0 58 20 337C) 
14211 0 69 24 0 
14212 0 67 25 4721 
14214 () 56 21 7789 
14222 0 72 23 0 
14225 0 59 20 12074 
14227 0 62 22 8283 
14230 0 66 23 9643 
14234 ',' 0 59 21 13785 
14239 0 77 22 19762 

.:. 
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report presented vehicle direction, speed, length, headway, and 
time of loop crossing in each lane of traffic at the sensor site. 

A summary of posted speed violations at tht: various loop sets 
for a 24 hour period was produced in hard copy (see Figure 4-3). 
The report lists both number and per:centages of violations by loop 
for the day of concern. A more detailed speed violation repo£t was 
a~~d produced in hard copy (see Pigure 4-4). The report listed 
hoGrly traffic vol ume and hourly number and percent,age of speed 
violations at a given loop set for a given day. The report pre
sented, in addition, hourly number and percentage of speied viola
tions at a given loop set: for a given day. The~~1F!;;,{,;rt presented, 
in addition ,hourly numbe~' and percentage of vahf,' ; ,,:travelling at 
orin excess of (I) the posted speed limit plus ,/.~~: "~~h and (2) 
the posted speed limit plus 10 mph. An hourly c~\..u1,·~,.t-f :J:SP or MCSD 
patrol vehicles passing the loop set was also shdWn i '-Both speed 
violation reports were made available to ISP personnel. . 

A daily traffic volume and speed report was prepared and dis
tributed to the local press (see Figure 4-5). The report listed 
traffic volume and average speed both inbound and outgoing lanes for 
each of seven key highway segments in Monroe County. Data were pre
sented for selected hours in the period 6 a.m. to 7 p.m. of the pre
vious day. 

A capability was developed to produce traffic speed histograms 
for use in analyzing traffic flow characteristics (see Figure 4-6). 
The histograms were ,based on raw information collected during any 
given time period and presented speed frequency distribution plus 
select~p. summary ~nformation. 

4.1.1.2 Traffic Accident Information 

The source of all traffic accident information managed by the 
CHTIS was the Indiana State Police (ISP) accident file. The infor
mation is stored on nine-track, 800 bytes per inch magnetic tapes, 
one tape for each quarter of the calendar year or four tapes per 
year. Each tape contains information describing some accidents stored. 
roughly in the chronological order of occurrence of the accidents. 

\ 

All information on the ISP tapes is taken from Indiana acciqent 
report forms which must be completed for motor vehicle accidents)" 
involving property damage of at least $100 or one or more personal 
injuries. Provisions have been made to record on the tapes the values 
of S5 variables describing a given accident involving up to nine 

. 
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FIGURE 4-3 

Speed Limit "Violation Summary Report * 

Date is xx/xx/xx 

Percent Violators by Loop 

Loop Viol % Viol Loop viol % viol Loop viol % viol 

1 .'.01"~"._ 2 3 
4 --'-- S 6 
7 ----~ 8 9 

10 11 12 
13 14 15 
16 17 18 
19 20 21 
22 23 24 
25 26 27 
28 29 30 
31 32 33 
34 35 36 
37 38 39 
40 41 42 
43 44 45 
46 47 48 
49 50 

. *A facsimile. 
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FIGURE 4-4: Speed '>iimit Violation Detailed Report 

INSTITUTE 'FOR NESFARCH IN PUijLIC SAFfiTY ICAPTS) ANO 
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FIGURE4~5: Daily Traffic Volume and Speed Report 
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vehicies (see Table 4-7). The variables describe the nature of the 
accident, losses incurred, time and location of the accident, age 
and sex of drivers and injured persons; geometry and dynamics of the 
accide~t, opihions of accident causal facto~s, road condition, weather, 
and visibility. 

The information is available for the years 1967' through 1971 
and, in general, la.gs the current d9.ta by about one quarter because 
of processing time requirements. 

No attempt has been made to assess the accuracy, reliability, 
or completeness ISP accident information. In general, it has been 
found that val'l:les of variables describing. the pUl;ely factual, (e. g. , 
age and sex of drivers) are consistently reported, while values of 
variables based on opinion or hearsay (e. g. i speed before accident) 
are often not provided. 

In contrast to raw traffic flow informa~ion, the raw accident 
information as su~narized above is of little or no direct use for 
risk identification. Considerable refinement is required in the 
form of classifying, summarizing, and presenting the raw information. 
Obviously, because of the sheer bulk and variety of the accident in
formation ,a comprehensive presentation was not feasible under the! 
preset'lt contr.act . However, it was believed alimi ted presentation 
could be devised that would provide a much needed and useful tool 
for identifying risk in Monroe County, and, ultimately, allocating 
local police resources for risk control. The resulting document was 
called an Accident Data Handbook and is presented as Reference Volume 
II to the present report. A summary of its contents is shown in 
Table 4-8. The handbook presents data for calendar year 1970. Five 
dependent variables were used as measures of accident disutility: 
total number of accidents, number of property damage accidents, 
number of personal injury accidents, number of fatal accidents, and 
estimated direct cost of accidents. In deciding what ir.iformation 
would be of primary interest, it was reasoned that the user would be 
most interested in seeing measures of accident d~sutility for the 
total county as a function of time, visibility, weather condition, 
and police jurisdiction of the accident location. Of secondary in
terest would be accident disutili ty for each of several key high'way 
segments within the ISP jurisdiction as a function of the same inde
pendent variables. The former series of presentations would be most 
use ful for determining overall allocation pol icy .. , whi Ie the latter 
would be more useful in devising allocation strategies and tactics. 
A third series of presentations-was prepared to show how total ac
c'idents by day of week and time of day for a given month in order 
to illustrate the further refinements in presentation that are 
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Indi'ana State Police Accident File Description 

variable 

1. Accident Number 

2. Accident Type 

3. Source of Data 

4"Directional 
Analysis 

5. Cost of Property 
Damage 

6. Character of 
Location 

7. Month of 
Accident 

8. Date 'of 
J!lccident 

9. Year of 
Acciden't 

Description 

Accident report no. 

First accident event 

Shows whether or not 
accident was investi
gated and, if so, by 
what agency. 

Shows direction of 
accident involved 
vehicles relative 
to collision object 

Estimated cost to 
repair or replace 
all damaged vehicles 

Significant feature 
of accident loca
tion 

Month when accident 
occurred 

Day of month when 
accident occurred 

Unit position of 
year when accident 
occurre.d 

56 

Number 
possible Values 

999,999 

12 (e.g., collision 
with pedestrian, col
lision with other 
motor vehicle) 

6 (a;g., was not in
vestigated,state 
police investigated, 
sheriff investigated.) 

37 (e.g., car going 
straight collided with 
pedestrian, cars 
travelling same direc
tion collided at 
intersection - one car 
stopped) 

5 (e.g., less than 
$15.00, $15.00-$24.00) 

8 (e.g., street andl 
or highway intersec
tion, culvert, under
pass) 

12 (01 - 12) 

31 (01 - 31) 

10 (0 - 9) 

1 

! 

l 
I 
t 

TABLE 4-7 {cont.} 

Variable ~ _________ ~:~==~~ ____ ~ ______ ~Description 
Nu;mbe:r; 

Possible Values 

10. Day of, Week of 
Accident 

11. HI,)ur of Day of 
Accident 

12. County 

13. Population group 

14. City OJ: .. Township 
~""" 

15. Highway Number 

16. Additional High
way Information 

17. Highway 
Classification 

Day of week when ac
cident occurred. 

Hour of day when 
accident occurred. 

7 (e.g., Monday, Tues
day, Wednesday) 

25 (e.g., midnight to 
12:59 ~.m., not stated) 

cb,un, ty where acc 4 - 92 (e g M· nr ... • ., 0 oe, 
~¢nt occurred. Toll Morgan, Vigo) 
r'o.ads are not counted 

',Population grouping 
'of city or town 
where accident occur
red. Rural accidents 
'are accounted for. 

Identification of 
ci ty, town, oz' town
ship where accident 
occurred. Toll roads 
are not identified. 

Identification of 
state or federal 
road where acci
dent occurred. 
Toll roads, are 
not identified. 

Further identifica
tion of road where 
accident occurred. 

The jurisdiction or 
classification of the 
road where the acci
dent occurred. 

10 (e.g., rural acci
dent, less than 1000, 
1000 - 2500, 2500 -
5000, -~-, 25,000 and 
over) 

8999 incorporated 
towns and cities, 
29 townships 

999 state, 999 federal, 
999 interstate 

9 (e.g., alternate, 
east, eastbound lane 
for to;!.l road) 

5 (i.e. r county road 
or city street, state 
road, federal road, 
interstate, toll) 

~--------------------~-----------------.,----~------------------~---~ 
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TABLE 4-7 {cont.} 

Variable 

18. Urban Interstate 
Indication 

19. Intersecting 
Highway Number 

20. Vehicle Number 

21. Vehicle Type 

22. Special Vehicle 
Information 

23. Age of Driver 

24. Sex of Driver 

25. Proximity of 
Resi,dence 

26. Driver's 
License 

Description 

Whether or not the 
accident happened or 
on interstate high,.. 
way within.~ city 
or town. 

Th~ number of the 
intersecting high
way, if any. 

The number assigned 
to ~he subject ve
hicle. 

The type of the 
subject vehicle. 

Whether the sub
ject vehicle was 
emergency, mili
tary, or other 
public o::med. 

Age of driver of 
the subject vehicle 

Sex if stated and, 
if not stated,. 
reason not stated. 

Approxima te loca~· 
tion of subject's 
residence. 

Type of driver's 
license. 

58 

2 

999 

Number 
possible Values 

9 (1,.. 9) 

21 (e.g., passenger 
car, truck, bus) 

I 3 

Age to nearest year, 
if driver known or 
if age of driver known 

8 (e.g., male, female, 
driverless moving 
vehicle, disabled ve
hicle, not stated) 

4 (e.g., non-residGnt 
of state, residing in 
county where accident 
occurred) I 

I 
I 6 (e.g., Indiana oper-

ator or chauffer, etc.; 
Indiana beginner, 
s(;:hool permit, etc.) 

T ABI.E 4-7 (cont.) 
.. ' ..... _ ... ., .. H-__ ...... __ _ 

Number 
Variable Description Possible Value r---.--'---------~~~~~-------+-----~~~~~~~--~_r----~~---------------__ _1 

27. Deaths 

28. Injured 

29. Severity of 
Accident 

30. Age of injured 
or Killed 

31. Sex of Injured 
or Killed 

32. Location of 
Injured or 
Killed 

33. Car Occupied by 
Injured or Killed 

34. Severi'i::y of 
Injury 

35. Test for 
Alcohol 

36. Arrests 

Number of people 
killed as a result 
of accident. 

Number of people 
injured, non-fatally. 

Highest level of 
loss incurred in 
accident. 

Age of person in
jured or killed in 
accident. 

Sex of person in
jured or killed in 
accident., 

Location of injured 
or killed person at 
time of accident. 

Number of vehicle 
occupied b~r person 
injured or killed 
in accident. 

Most serious injury 
to subject person. 

Type alcohol test 
given, if any. 

Whether or not driv
er was arrested. 

( 

10 (0 - 9) 

10 (0 - 9} 

3 (fatal, non-fatal 
injury, property 
damage) 

100 (99 years plus 
"not known") 

3 (2 plus "not 
stated") 

6 (e.g., driver, pas
senger, pedestrian, 
bicyclist) 

9 (1 - 9) 

4 (e.g., died as a 
result of injury, 
visible regions of 
injury) 

6 (e.g., no test of
fered, test offered 
by refused, breath 
test given) 

4 (e.g., not arrested, 
arrested ~or DWI) 
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TABLE 4-7 (cont.) 

~---------------------~----------------------'------~N~umb~Le~r~-------l 

: Variable 

37. Speed Limit 

38. Speed Before 
Accident 

39. contributing 
Circumstances 

40. Vehicle Defects 

41. Vision Obscure
ment 

Description possible Values ! 

Speed limit at acci- 12 (e.g., 20 mph, 25 
dent location at time mph, 30 mph, 35 mph) 
of accident. 

Investigating offi
cer's estimate of 
speed of subject 
vehicle. 

The one violation 
or circumstance 
believed to have 
contributed most 
to cause of acci
dent (vehicle de
fects excluded) . 

I 

Vehicle defects 
which could have 
contributed to 
cause of accident. 

Nature of any driver 
vision obscurement. 

11 (e.g., stopped, 
less than 10 mph, 10-
19 mph, 20-29 mph) 

12 (e.g., speed too 
fast, failed to yield 
right of way, drove 
left of center not in 
passing) 

7 (e.g., no defects, 
brakes defective, 
lights defective, 
steering defective) 

8 (e.g., not obscured, 
by buildings) 

42. Driver's Actions, Action driver was 10 (e.g., passing, 
turning, backing) Miscellaneous performing just be

fore accident. 

43. Pedestrian's 
Actions 

44. Condition of 
Driver Refer
ence Drinking 

Actions of the pedes- 12 (e.g., not in road-
trian just before way, walking in road-
accider!~t. way with traffic) 

Invest .. igating offi
cer'~ opinion of 
drive~ inpairment 
by alcohol. 

6 (e.g., not dr~nking, 
had been drinking -
obviously drunk~ 

~ _____ ~, __________________ L-__________ , __________ , __ L-______________________ ~ 

) 
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TABLE 4-7 {cont.} 

Variable 

45. Condition of 
Driver, Physical 

46. Condition of 
Pedestrian 
Reference 
Drinking 

47. Condition of 
Pedestrian, 
Physical 

48. Traffic Control 

49. Character Of 
Road - Horizontal 

50. Character of 
Road - Vertical 

51: Type of Road 
Surface 

52. Condition of 
Road Surface 

53. Weather Condi
tion 

54. Light Condition 

Description 

Investigating offi
cer's opinion of 
driver's physical 
condition. 

Investigating offi
cer's opinion of 
pedestrian impair
ment by alcohol. 

Investigating offi
cer's opinion of 
pedestrian's physi
cal condition. 

Type of traffic 
control at accident 
location. 

Road curvature in 
horizontal plane. 

Road curvature in 
vertical plane. 

Surface material 
road 

Road surface wet
ness or icyness. 

Weather at time 
of accident. 

of 

Ambient light in
tensity at time of 
accident. 

61 

Number 
Possible Values 

11 (e.g., apparently 
normal, eyesight de
fecti ve) 

6 (e.g., not drinking, 
had been drinking ~ 
obviously drunk) 

11 (e.g., apparently 
normal, eyesight de
fective) 

10 (e.g., police offi
cer, automatic signal) 

3 (straight, curved, 
not stated) 

4 (level, grade; I 
hillcrest, not stated) I 
6 (e.g., concrete, 
blacktopy sand or 
dirt) 

5 (dry, wet, snowy/ 
icy, other, not stated) 

6 (e.g., clear, rain
ing, snowing, fog) 

4 (daylight, darkness, 
dawn or dusk, not 
stated) 



T ABl!: 4 -7 (cont.) 

Number 
Variable Descri12tion Possible Value 

55. Kind of Nature of surround- 5 (e.g. , school or 
:Locality ings in area within playground, industrial 

300 feet of accident or business) 
location. 

56. Rc)ad Defects Type of road defects 9 (e. g. , foreign 
at accident location. material on roadway 

surface) 
"" 

r , . . 
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TABLE 4-8 

Summary of Accident Data Handbook Presentation 

Dependent (1) No. of 
Series Effects Shown Variables Plots 

Total county Month 1, 2, 3, 4, 5 5 
Day of Week 1, 2, 3, 4, 5 5 
Hour of Day 1, 2, 3, 4, 5 5 
Visibility 1, 2, 3, 4, 5 5 
Weather Condition 1, 2, 3, 4, 5 5 
Jurisdiction 1, 2, 3 , 4 4 

Highway Segment Highwa~ Segment 1, 5 2 
Month ( ) 1, 2, 3, 4, 5 50 
Day of Week (2) 1, 2, 3, 4, 5 50 
Hour of Day (2) 1, 2 I 3, 4, 5 50 
Visibility(2} 1, 2, 3, 4, 5 50 
Weather Condition (2) 1, 2, 3, 4, 5 50 

Combined Effects Day of Week and 1 12 

-
Total 

Notes: (1) 1 = 
3 = 
5 = 

(2) For 
(3) For 

Hour of Day (3) 

-------- -~,....------- 293 

Total accidents, 2 = Property Damage ace., 
Personal injury acc., 4 = Fatal acc., 
direct cost of accident. 
each of 10 highway segments. 
each month of the year. 
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poss~ble with additional resources. Examples of each series of 
presentations are provided in Figures 4-7, 4-8, and 4-9. All dis
plays were produced by the IBM 1800 computer. 

\ 

·It should be mentioned that while the specific Accident Data 
Handbook developed here i~J for Monroe County, a similar handbook 
could easily be produced for any county or other suitably defined 
geographical region in the state of Indiana and that this capability 
could readily be extended to other states and geographical regions. 
The general procedures for preparing an Accident Data Handbook are 
described in Reference Volume II. 

4.1.2 Derived Information 

It has been noted previously in this report that the major 
thrust of the present project was toward providing timely and reli
able county-wide accident and traffic flow information for use by 
local enforcement agencies in identifying and managing local highway 
transportation system accident risks. Such information was of a 
nature indicated by the present state of knowledge to be risk-related 
but for which no acceptably valid expression had been found for 
stating that relationship. In the case of risk identification, 
for example, there is evidence that such factors as location, hour 
of the day, and speed of the accident-involved vehicle relative to 
mean traffic stream speed may be related to certain measures of ac
cident disutility. Yet, at the start of the project, the specific 
form of these relationships could not, in general, be stated so that 
it was not possible to present operationally useful "derived" infor
mation which would evaluate risk uniquely as a function of the rele
vant independent variablas. 

While the state of the art did not provide ready formulae for 
quantifying operationally useful risk indexes, it was also true 
that data of the type generated by the CHTIS had not previously 
been available to researchers engaged in developing such formulae. 
Therefore, a small amount of the project resources was devoted to 
an investigation of the data base made available by the CHTIS and 
the pertinent scientific literature to see if any progress could be 
made in devising meaningful risk indexes. The investigat.iop was con
cerned primarily with the traffic flow parameters as the independent 
variables. The results are discussed below. 

4.1.2.1 Theoretical Relationships 

There is a considerable body of literature on the theory of 
traffic flow. Generally speaking, the theory is concerned with 
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TOTAL 1970 ACCIDENTS BY HIGHWAY SEGMENT 
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describing th~ characteristics of traffic flow in terms of (1) de-. 
terministic behavior patterns of individual drivers, (2) macroscoplC 
properties of the traffic stream, or (3) statistical properties of 
the traffic stream. 

The car-following theory developed by Gazis (11), Herman (12), 
and others is the p:cime ,-example of attempts to develol? flo\'1 models 
based on the behavior of individual drivers. In brief, the car-fol
lowing approach assumes that a driver, in a s ingle-lane traffic si t·
uation, reacts largely to a stlmulus from his environment according 
to the relationship 

(reaction)t + T = .\ (stimulus) 
t 

where A is a sensitivity coefficient, t is the time, and T is a re
action time-lag. 

The reaction is the acceleration of a vehicle, with the stimulus 
usually defined as the difference in velocity between the driver1s 
car and the preceding car. The stimulus-reaction equation can be 
expressed in differential equation form as 

dx
2 
(t + T) n __ _ 

dt
2 

,dxn_l(t) 
= ,,~\ dt 

dx (t), 
n 
dt I 

( 1) 

where n denotes the position of a car in a platoon of cars, x is the 
position of the n-th car on the roadway, and A is either a coRstant, 
or a function of x and x . When A is a constant, the differential 
equation is linear~ and i~-the ~o-called linear car-following model. 
various non-linear models for A have also been considered for de
scribing situations where larger fluctuations in speed and spacing 
are involved. Gazis, for example, has investigated models where A 
is represented by: 

== 

dx (t + T) TIl 
n "0 -dt--J 

{, 
[xn _ l (t) - xn (t) 1 
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( 2 ) 

• 

When A is given by (2), one has a type of non-linear car-following 
model. 

The linear car-following model has been used to derive a 
theoretical expression for 'the flow-concentration relationship. The 
steady state flow becomes: 

q = ,,(l-s....) o c. 
(2. 1) 

J 

where :. q = -traffic flow (cars per unit time) 
c = traffic concentration (cars per unit length of 

roadway 
c· ;;:: traffic concentration under IIjammed ll conditions 

J (Le. t q = 0) 

Various solutions to non-linear models have also been obt~ined. 

Considerable data have been gathered in attempts to verify the 
car-following models. In situations where the underlying assumptions 
of the model are met, agreement between theory and experiment have 
been good (5). In most situations, non-linear models are required 
to account. satisfactorily for flow versus concentration data. 

The second general. approach to traffic flow theory is based on 
the analogy of a traffic stream as a fluid flow. The entire theory 
is derived from the continuity equation 

where: x -
t = 
v = 

oc 0 (c,,) 
ot + ox = 0, 

time 
distance along the roadway 
average velocity of the traffic 

(3 ) 

Equation (3) results from the requirement that there be no removal 
or creation of cars on a give,n road. Since a functional relationship 
between flow and concentration is known to exist, equation (3) may 
be written as: 

( 4 ) 
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• 

where: 

v = o (cv) 
oc 

Solutions to (4) take on the form 

c = c (x - vt) t 
( 5 ) 

leading, by analogy with fluid flow, to the conc~pt of a traffic 
liwavell which propagates with the velocity V. Sometimes when the wave 
velocity decreases due to reduced concentration, the wave fronts may 
be overtaken by sucOessive waves, leading to the formation of flow 
discontinuities analogous to the familiar shock waves that occur in 
fluid flow. ~ 

Recently, May and Keller (24) have attempted to unite the car
following and by hydrodynamic theories. While investigating non
integer values of ~ and m in equation (2), they discovered that the 
fluid flow model discussed above is a special case of the non-linear 
car-following model. They state that: 

and 

It has been shown that all reported macroscopic and 
microscopic traffic flow models can be reduced to the general 
car following equation [given above] by selection of appro
priate exponents 1 and m, representing the influence of the 
vehicle, respectively of the distance headway between vehicles 
on the sensitivity factor. The use of ~, m matrix gives the 
possibility of comparison of existing models due to given 
criteria. 

The combination of 1 = .8 and m = 2.8 fulfills all re
quirements of the assumed evaluation criteria, mean deviation, 
free speed, jam density, optimum speed, optimum density, and 
maximum flow. The evaluation indicates that the area afound 
the line between 1 = .5, m = 2.5 and 1 = 2.5, m = 3.5 covers 
models of very good fit, but with a maximum flow rate of less 
than 1800 vehicles per hour. Models with a maximum flow rate 
greater than 1,800 v.p.h. appear in the area below this line ... 
the speed-density relation tends to be bell-shaped in that area. 

Both the car-following model and the fluid-flow model are deter
ministic. However, stochasti.c mode Is have also been developed, an 
outstanqing example bei.ng the kinetic theory of Prigogine (30). The 
technique involves modifications of the basic continuity equation) 
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.. 
which is now expressed in terms of the distribution function f(x,v,t) 
which is defined such that 

dN = f(x~ v, t) dx dv (6 ) 

where: dN = number of cars that, at a given time, are in the 
road interval between x and x + dx and in the velocity 
interval between v and v + dv. 

The basic equation of kinetic traffic flow theory becomes: 

of of (af'. iof' 
ot + v ox::= .ot) 1+ \Ot/. t' 

re ~n 

(7) 

where the first termon the right hand side of is due to the exis
tance of a desired velocity distribution, f , which in general dif
fers from f, and the second term is due to ~nteractions between ve
hicles. Solutions to this equation lead to relationships between flow 
and concentration, one for regions of low concentration, the other for 
regions of high concentration. In the latter case, two new parameters 
appear: T, the time required for f~f , and P, the probability of 
being able to pass. 0 

. A different stochastic approach is that taken by Tanner (39), 
M~ller (26), and Yeo (41). Tanner has derived the so-called Borel
Tanner distribution for the probability that a bunch of vehicles 
travelling at the same speed v has n vehicles. The probability mass 
function of this distribution is 

P 
n 

-nr = e n-l 
(nr) In! (n=1,2,3 .... ) (8 ) 

Miller has described the application of Tanner's models to two-lane 
road traffi~ in England and Sweden. Yeo had presented further re
sults relat~ng to the traffic density in vehicles per unit length of 
road. 

The mathematical models discussed above are indicative of, the 
prese~t mainstream of traffic flow theory, but are in no sense ex
haust~ve. For example, extensive work has been performed in the gen
eral area of queues, car spacing, and passing. Andrews has extended 
Prigogine's statistical theory to account for queuing and passing 
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under special conditions (1). Erlander has applied the concept of 
desired speed distribution to developing and testing e,xpressio~s for 
average speed in terms of passing distance, vehicle concent~at~on, 
desireo. speed, and desired speed distribution (9) .. In an ~l:terest
ing paper, Kapur has shown how the bc;tsi? car-follow:l.ng equat~o~ can 
be deri:ved through a calculus of var~at:l.ons approach (20). Halght 
has presented numerous solutions to problems in t.raffic queuing, ve
hicle Rpacing, delay times, and so forth (13). 

Thus, td1.6: literature provides ample. evidence of considerable 
productive ~'fi'0rt on the part" of traffic flo,,:, theo~ists. Their work 
has led to several signific;ant general theor:l.es wh:l.ch have been ex
plored in depth and applied to a broad spectrum of specific problems 
by numerous highly competent investigators. . It s~ems remarkable '" 
then that no similar treatment of the relatlonsh:l.p between traff:l.c 
flow' par'ameters and accidents was found- in the literature search: 
The rea-:;ons for this research gap are not entirely clear. Certalnly, 
the problem is immensely complex and not at all amenable to instant 
answers. However, complexity per se has pever been a viable deter
rent to re,searchers, having usually tending to stimulate activity 
r'atherthan to depress it. More likely, progress has not made because 
highway sa:fety research in the U. S. ~as empha~i~ed empirical and 
experitnental approaches and has not glven sufflclent support to the 
purely theoretical. 

IH.: any rate, the reasons for this deficiency should be explored 
furth€~r and an attempt made to correct it. In this regard, it should 
be noted that the data base developed under the present contract 
could be of great value in providing insights for new accident the
ories and in furnishing the data to test their validity. More will 
be said on this subject in Section 7.0, Conclusions and Recommenda
tions. 

4.1. 2.2 Empirical Relationsf,lips 

The relationships between traffic flow pa+ameters and accidents 
have been explored empirically in numerous studies. Recently in a 
study conducted for the Department of Transportation under contract 
I~H-11-7275, IRPS performed an in-depth review of the literature to 
identify the nature of existing research on speed control and the 
establishment of speed limits (19). A~ important elemeht of the ef
fort was the review of all known empirical investigations which had 
attempte,d to relate traffic flow param~ters (primc;trily sper;a" devia
tion from mean speed, and flow) to apcldents. Thls work was up-dated 
and expanded under the present contract, and the significant find~ngs 

,are summarized in the following paragraphs. 

~(>, 
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One of the earliest attempts to develop empirical formulae 
for relating accident frequency to traffic flow parameters was re
ported by Belmont in 1953 (4). The study considered straight and 
level sections of two-lane roads under free-flow conditions (i.e., 
where traffic flow is proportional to traffic concentration)' and de'
veloped the following expressions for average number of accidents per 
vehicle mile: 

where 

N'=k 1.5 A 1 v (single-car accidents) 

(rear end accidents) 

(head-on collisions) 

N~ = average number of accidents per vehicle mile 
} 

q = average traffic flow in vehicles per hour 

v = average traffic velocity 'in miles per hour 

= empirically determinad constants 

(9 ) 

(10 ) 

(11 ) 

No subsequent attempt to apply or verify these equations were found 
in the literature. 

In recent years, empirical studies of traffic-related aCdidents 
have placed more and more attention on those parameters which mea
sure dispersion within the traffic stream rather than average flow 
and concentration. The work Of Solomon in this area is particularly 
noteworthy. He concluded that: 

" ... the greater the variation in speed"of any vehicle from 
the average speed of all traffic, the greater its chance of 
being; involved in an accident" (37). 

Cleveland arrived at similar conclusions in a comprehensive 
analysis of the eff~cts of speed, deviation from mean speed, and flow 
on accidents. Specifically, he concl'l.1ded that accident involvement 
rates are a U-shaped function of ihe deviation speed of the accident
involved vehicle (AIV) from the mean traffic speed, with the minimum 
involvement rate occurring at tbe mean speed. He states that: 
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n ••• the likelihood of involvement is estimated to be greater 
by a factor of about six to 21, depending on the type of road, 
for large speed deviations as opposed to small speed devia
·tions and ignoring the accident involving the turning 
manuevers." (7) 

The advent of the CHTIS and the subsequent availability of large 
quantities of accurate speed data made it possible to investigate 
Solomon's hypothesis in depth. The first such investigation was de
scribed in the final report o~ a joint Research Triangle Institute -
IRPS project conducted under Department of Transportation Contract 
FH'11-6965 (32). The project analyzed data collected from early 
configurations of the CHTIS, utilizing, at first, eight sensor sites 
and later, 14 sites. In this study a technique was devised to esti
mate the speed of the AIV by "tracking" its trajectory through the 
sensor sites. The sensor site data was augmented by radar spot speed 
measurements, radar speed readings collected at each accident site, 
and accident analysis findings based on inputs from a number of 
sources. Again, it was concluded that there were indications of: 

" ... a U-shaped relationship between involvement rate and speed 
deviation ... 

"These results confirm the hypothesis that slow driving as 
well as fast driving increases the likelihood of being in
volved in an accident. However, the curvature of this U-shaped 
relationship is not as pronounced as that given by Solomon" (32) . 

It should be noted that the speed deviation hypothesis dis-
cussed above was based on the speed deviation of the AIV which is 
often difficult to determine and which must, in any case, always be 
determi~ed after the occurrance of an accident. An independent vari
able more relevant to accident predictions was needed. Such a vari
able would ideally be related to real-time or quasi real-time traffic 
stream state variables and could be monitored continuously by the 
CHTIS to identify a priori the build up of a potentially hazardous 
situation. Steps co'illd then be taken to allocate the required en
forcement resources to the hazardous locations and to reduce the 
local risk to an acceptable value. In the previously cited study of 
maximum speed limits (19), it was hypothesized that if the speed devia-

.-" tion of· any single vehicle was a measu.c.'e of ao~ident risk, then the 
speed dispersion of all the vehicles in a given grouping would also 
be indicative of risk. Further, it was reasoned that the standard 
deviation of speeds of the vehicles in such a grouping would provtde 
a useful measure of this dispersion and would, because of its ready 
availability from CHTIS data, closely fit the requirement (stated 
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above) for an ideal hazard prediotor. 

It was therefore decided to investigate the hypothesis chart 
th~ standard deviation of speeds, 0v, is a meaningful predictor of 
accident frequency. This was done by compu~i~g 0 V for ea~h of s~ven 
sensor sites along Indiana SR 37 and determlnlng from accldent flIes 
the number 'of accidents occurring within .4 miles of each site. The 
analysis was based on data collected in the years 1968 and 1~69. The 
results of the analysis (shown in Figure 4-10) showed tha~ sltes 
having higher 0v tend also to have a higher n~mber of acci~ent~. A 
similar trend is noted when the number of accldents at a slte lS 
normalized to the total number of vehicles passing that site during 
the'time period of concern (Figure 4-10). It is observed from both 
Figures 4-10 and 4-11 that when the number of ac~idents or numb~r of 
accidents per 100,000 vehicles gets very small (l.e.~ < -10 durl~g 
the period), the speed standard deviation start~ to lncrease agal~. 
The reason for this apparent reversal in trend lS not known, but lt 
is clear that the statistical significance of the data starts to de
teriorate rapidly in this region due to the very small numbe7 of ac
cidents that were experienced. Obviously, a much large~ a~cldent 
population is needed for analysis of accident-speed devlatlon re
lationships at those sites where the reversal occurs. 

It is also seen from both 4-10 and 4-11 that the accidents 
frequency is highly sensitive to speed deviation: as ~v,starts to 
approach 10 mph, the accid~nt frequency increase~ prec7Pltously. A 
similar effect was noted in the U-shaped curves lnvestlgated by 
Solomon, Cleveland, an~ RIT/IRPS. 

In the present study it was decided to probe furthe~,into speed 
standard deviation effects, since ~his was the only tr~f~lc flow,re
lationship identified by past studies as a really promlslng predlctor 
of accident frequency. However the approach taken diffe~e~ sharply 
from that in the study just described. Instead of determlnlng,ac~ 
cident frequency at given sites as a function of,the characterlstlc 
speed standard deviation associated with thosc,sltes, sp~ed standard 
deviation frequency distributions at the locatlons an~ t 7mes of 
known accidents were compared with speed standard devlatlon,frequency 
distributions at the same locations during simi·lar ti~e perlod~ wh~n 
no accidents occurred. This provided a way of comparl~g the dlstrl
butions of speed standard deviation on accident days wlth those on 
non-accident days. 

A total of 45 accident days in 1970 were selected from ISP data 
tapes and the location, month, day, and hour of occurrence of each 
accident was noted. CHTIS magnetic tape ~ecords were,then searc~ed 
to determine the speed standard deviation at each accldent locatlon 
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Number of Accidents Vs. Speed Standard 
Deviation At Seven Locations Along SR 37· 
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for a time period of one hour previous to the time the accident 
occurred. Only accidents which happened along SR 37N and SR 37S 
were considered, because only those highways were being monitored 
by the CHTIS during 1970. 

Thus, it 
for the speed w~s possible to determine the fre~uency distributions 

standard deviation on accident days such that: 
Pr [a ~ a < IT } = 

V V v 
Al A l\2 

r+'Jv 
J A2 f «(J ) da , 
-a A vA vA 

vA 
1 

= Probability that the speed standard 

where: (12 ) 

deviation on accident days lies 
G 0' 

between v a d v A ,n A 
1 2 

= Absolute value of speed standard deviation on 

,accident days 
fA(a ) 

VA = Frequency distribution of speed standard deviation 

and on accic1t:!nt days 

co 

J fA (~v ) da = 1 
o A vA (13) 

Similarly, frequency distributions for speed standard d~viation on 
comparable non-accident days were also prepared. The accident day 
and hon-accident day frequency distributions were then graphed to 
provide a means for visual comparison. The results are presented in 
Figure 4-12. There is no discernable difference in the two frequency 
distributions, either for outbound traffic or for inbound traffic. 
Th~ calculated means of the accident day and non-accident day speed 
standard deviations were, for all practical purposes, identical. 
Thus, it is concluded that, for the locations and time periods con
sidered, speed'standard deviation frequency distributions would not 
be us~ful in predicting traffic accidents. 
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FIGURE 4-12 

Frequency Diitributions of Speed 
Standard Deviation On Four Monroe Co., In., 
Highway Segments 
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FIGURE 4-13 

Frequency Distribution of Traffic Mean Speed 
on Four Monroe Co., In., Highway Segments 
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FIGURE 4-14 

Frequency Distribution of Traffic Flow on 
Four Monroe Co., In. Highway Segments 
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The previous analysis also made available values of a number of 
other traffic flow parameters for the selected accident and non-ac
cident days. In light of Belmont's study indicating a relationship 
between average number of accidents per vehicle mile and traffic flow. 
and traffic mean speed, frequency distributions were also prepared 
for these variables. Figur~ 4-13 presents the results for traffic 
mean speed, ~v' Here, one notes a definite difference in the ac
cident day and the non-ace .dent distributions~ the non-accident day 
distributions are translated to the right of the accident day dis
tributions and appear to have smaller variances. What is expected 
is that the mean of the traffic mean speed distribution is some three 
mph greater for non-accident days than for accident days! There is 
no obvious reason for this result; a careful statistical analysis of 
the data would be required to shed more light on the factors involved. 
Although such a study was beyond the scope of the present project, 
it would appear that in view of the implications of the finding, one 
ought to be conducted as soon as possible. 

Figure 4-14 shows that the frequency distributions of traffic 
flow (i.e., volume in vehicles per hour) were highly~skewed for both.' 
accident and non-accident days, a characteristic that ,is ,no doubt ' 
due to highway usage patte.rns at the locations consider,ed. Any dif
ferences between accident and non-accident days were not pronounced 
enough for any operational application. 

4.1.~ Conclusions 

It is concluded that the CHTIS can provide decision makers 
with much potentially useful information for risk identification. 0 

Both the accident history information and the traffic flow information 
generated by the system seem relevant to the risk identification pro
blem and can be presented in a variety of ways for use by operational 
personnel. Yet, the pr.ecise nature of such accident'-traffic flow 
relationships cannot be delineated within today's state of knowledge. 
Although valuable clues are constantly being uncovered, no opera
tionally suitable expressions exist today for relating traffic ac-
cident risk to traffic flow variables. ~ 

4.2 Risk Analysi~ 

The second major step in the traffic risk management process 
involves the estimation of the amount of risk reduction that can be 
expected from available risk control forces. Rational risk manage
ment requires a priori knowledge of the expected impact of these 
forces on risk-so that a preferred con·t::col force mix can be selected 
for application at indicated places and times. Ideally, the result 
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of this process would be the minimization of some measure of total 
risk over some specified geographical area, for a given amount of 
risk control resources. Thus, in the present application, one is 
interested in the effect of possible enforcement actions in reducing 
traffic accident disutility and the amount of resources required for 
such actions. 

The role of the CHTIS in the analysis of risk control forces 
and their effects is to provide enforcement personnel with: 

(1) Historical and real-time information on traffic flow. 

(2) Historical information on accidents. 

(3) Historical and real-time information on resource deploy
ment (i.e., time-wise location of patrol vehicles). 

(4) Special analyses of control force effects or (a) reducing 
traffic accident disutility and (b) reducing instances 
of risk-related driver behavior. Both types of analyses 
lie, by definition, in the derived data category. 

Items (1), (2), and (3) serve the dual purpose of risk identification 
and of providing essential raw and refined input information for 
risk control force analysis. They have already been discussed in 
detail in Section 4.1. The present section is concerned with the 
application of this and other information to the development of de
rived information relating traffic accident disutility and hazardous 
driving behavior to the nature and magnitude of enforcement actions 
designed to reduce them. The discussion will consider the general 
state of the art of such analyses as well as more recent studies em
ploying information made available by the CHTIS. 

4.2.1 General State of the Art 

In a comprehensive analysis of'quantitative studies of police 
traffic activities and traffic safety reported in 1968, Joksch clas
sified the studies as follows: 

• Statistical analysis of historical data. 

• Studies of increased police activity campaigns. 

• Large-scale experiments. 

• Small-scale experiments. 
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• Enforcement follow-up. 

• Violation and arrests. 

e Violation and accidents. 

• Foreign studies (10). 

Several of these categories are also applicable to the present 
study and are discussed below. 

Recht (31) and Hooker (14) have performed extensive statistical 
analyses of historical data. Recht's analysis utilized data from 
the National Safety Council's 1960 State Motor Vehicle Inventory. 
He considered the effect of 285 dependent variables on various mea
sures of accident disutility using the multiple regression technique 
(linear). Of the eight enforcement-related independent variables 
considered, only enforcement index (defined by Recht is "hazardous 
traffic violations with penalty per fatal accident") turned out to be 
associated consistently with any measure of accident disutility. 
Further, even this correlation is suspect because of a probable spuriou 
correlation that existed between the dependent variable (a so-called 
"death ratio" which included number of deaths as its numerator) and 
the enforcement index. 

Hooker based his study on accident and traffic safety data 
taken from Wyoming records for the years 1951 to 1964. He also used 
the multiple regression 'approach, taking total number of accidents 
as the sole dependent variable. He found a significant linear re-
:J..ationship between "lagged 1/ hours worked by the Highway Patrol anD. , . 
number of accidents, but a later analysis (10) indicated tha~ nearly -.. ' 
80 percent of the variance could be explained by a trend alone 
and found no significant correlation between the two variables. 

Numerous safety campaigns have been conducted in an attempt to 
reduce tr,::tffic accidents, and ma,ny papers have been written analyzing 
their res,Lllts. A large number of the analyses have not been con
ducted objectively and are, therefore, not applicable to the concept ~ 
of risk management. A paper by Kunz (21) is in many respects typical 
of safety campaign analyses. He reports the results of a rigid traf
fic control program conducted in Springfield, Mass., during the 
years 1944-47. Prosecuted violations were increased from ~200 per 
month to ~700 per month and total accidents decreased from ~80 to 
~30 per month. A paper by Roche (33) relates an effort by the New 
York State Police to reduce accidents through a combination of 
special training in accident investigation and selective enforcement. 
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After attending a one much advanced accident investigation course, 
the men were sent to seven high-accident locations with instructions 
t~ concentrate their enforcement activities (i.e., arrests) on 
v10lations believed to have contributed to accidents rather than on 
those ~her~ no accident occurred. 13,000 "additional" man-hours 
resultlng 1n 9,000 traffic arrests were recorded at the end of the 
l2-month period. During the same period, accidents decreased 17 per
cent from the preceding l2-month period (979 compared to 1177). 

Th~ so-cal~ed 10~ study ~onducted by the California Highway 
Patrol 1n 1966 1n an 1nterest1ng recent example of a "saturat:J,.on ll 

enforcement campaign (6). The number of patrol vehicles werEI 
doubled on a.35.3 mile stretch of Highway 101 near San Diego for a 
one-year per10d. At the end of the period "significant'· decreases 
~atal, in~ury, and total accide~ts were reported (along with a slight 
1ncrease 1n property damage acc1dents) compared with the mean number 
of such accidents over the previous three years. The results were 
accompanied by a decrease in the number of actual violations. The 
increase on property damage accidents was attributed to the better 
reporting of these accidents because of the increased patrol activi~y. 

. Many attempts have be~n ma~e to obtain statistically meaningful 
~cc1dent-en~orcement relat10nsh1ps by conducting large~~cale exper-
1ments. TIns approach usually compares the results of increased 
police activities at given times and places with data collected from 
"control" areas. Shumate was involved in three such experiments 
which typify the approach. The first was conducted by the Traffic 
Institute of Northwestern University, in cooperation with the 
Wisconsin State Highway Patrol and the Bureau of Public Roads in 
1956-57 (34). Four test routes were selected for testing the ef
fects of enforcement intensity (measured by the average number of 
patrol units that passed a driver per mile) on accident frequency. 
Different intensities of enforcement were applied to the test routes 
and accident frequencies were recorded and compared to those observed 
~n simila: control routes. The results of the experiment, while 
~nconcluslve, do tend to support the hypothesis that, in general, 
1ncreased patrol activity tends to be associated with reduced accident 
frequencies. 

The second Shumate experiment (28) was conducted in 1958 also 
in Wisconsin and involved a two-control group experiments wherein 
the effects of concentrated patrol activity on accidents on a 110 
mile stretch of highway were compared with accident data cullected 
from two "control" roads not subjected to the concentrated enforcement. 
It was found that the yearly fluctuation for both control groups 
were too large to allow any evaluation of the effect of the enforce
ment activity. 
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The third Shumate experiment investigated the effect of en
forcement on driving speeds using a before and after approach (35) • 
Speed distributions at each of five locations obtained before and 
after concentrated enforcement were interpreted by Shumate to mean 
tha~ neither the average speed nor the number of speed limit vio
latl,onrs decreased signi ficantly after such enforcement, nor is the 
speed variance about its means significantly affected. His conclu-

-'''.~,. sions were disputed by Tamm (38) who took issue with his data collec
tion procedures. 

Small-scale experiments of short duration have been conducted 
to determine how driver behavior and, consequently, traffic flow 
variables are affected by enforcement symbols. For example, Baker 
performed a pilot study on a small number of vehicle.$ to dete,rmine 
the effect of (1) a moving patrol unit on the speedpf nearby ve
hicles and (2) increased enforcement on vehicle spe~~s (2). He 
concluded that there was a "halo" effect due to the ~nforcement 
symbol and that the effect was noticeable at distances of up to 1000 
feet ahead and 2000 feet behind the patrol car. He also noted a 
decrease in average excess speed. No statistical significance could 
be attached to either finding because of the small sample sizes 
employed. 

An IACP study also 50ught to quantify the relationship, if any, 
bet~een en~orcemen~ 'symbol presence and vehicle speeds (15). Police 
vehlcles (both marked and unmarked) engaged in various activities 
were placed at three sites and the average tr~vel times over a 
given course were measured. These were then~~bmpar~d to average 
travel times obtained when no police vehicles were present at the 
same sites. The total number of measurements taken was 5,000. An 
analysis of c0v~riance was performed on the resulti~g data with the 
result t~at is only significant 5il1<;;1J.e factor affecting average 
travel tU(le was the presence of an enforcement symbol. However, the 
resulting reduction of mean speed corresponding to the increased 
travel times was only two miles per hour (from 58 mph to 56 mph) ! 
No measure of the effect on speed standard deviation or on percent 
of drivers exceeding the speed limit was reported. 

4.2.2 Analyses Based on CHTIS Data 

More recently IRPS applied the CHTXS in conducting an in-depth 
analysis of the effects of both stationary and ~oving enforcement 
symbols on a number oft;raffic flow variables (16). Specific 
opjectives of the project were to: 
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Revlew and summarJ.ze pul;£ listt(~d_ :t"esearch both on 
methods of measuring tr~ffic flow and on the effects ot 
enforcement on traffic?flow. , , 
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Measure the elfects of stationary marked police 
vehicles on traffic flow behavior. 

Measure the effects of moving marked patrol vehicles 
on traffic flow behavior. 

Measure the effects of enforcement by radar, Vascar, 
and other stationary speed-timing devices on traffic 
flow behavior. 

Investigate the effect of various alternative enforcement 
methods on traffic flow behavior. 

Collect and examine records of accidents occurring on 
the monitored highways in relation to measures of 
enforcement level. 

Correlate information about accidents and concurrent 
variations in traffic flow caused by different methods 
of enforcement, with a view to identifying criteria for 
the selective as.signment of police traffic units. 

The approach taken in the study was described as follows: 

"The data gathered to measure the effects of 
enforcement were obtained by a computer-sensor 
system which was designed and developed -- and is 

,maintained -- by Institute personnel. The computer 
monitors traffic at 14 separate locations on State 
Route 37 in Monroe County, Indiana. Eight such 
sites are located within a 1.4 mile section of high
way where the stationary sampling activity was C0n
ducted." 

1".1'0 test the stationary vehicle effects on 
traffic flow brihavior I .four test locations were 
selected within the 1.4 mile segment mentioned in 
the preceding paragraph. The four sites were located 
so as to stimulate differing degrees of awareness 
in a driver as he overtakesCstationary enforcement 
stimuli, with long or short periods of warning. The 
sites also pr6vided for the varying capabilities 
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of the enforcement vehicle operator to observe 
traffic once it had passed by him. Four time 
slots within the 24 hour day were selected to 
represent flow, including moderate and heavy day
time traffic and light and moderate nighttime 
traffic. Finally, s.ix different enforcement 
vehicle configura·.:ions were employed during' the 
four different times at the four separate lOcations. 
The six vehicle types were; 

1. Civilian 

2. Unmarked State Police 

3. Marked State Police 

4. Marked State Police with Radar 

5. Marked State Police in an Arrest Configuration 
with Lights, and Stopped Civilian Vehicle 

6. Two Marked State Police, One with Radar 

liThe effects of moving enforcement vehicles 
were measured by a slightly different method. 
Nineteen Indiana State Police marked vehicles 
were equipped with low-power transmitters. Con' 
comitantlYr at 12 sensor sites{ a receiver was 
installed to notify the computer of t~e'presence 
of the police vehicle. Appropriate software was 
written to identify each police vehible and label 
its data as. they were placed into permanent 
storage. Since the computer-sensor system op
erates on a 24-hour-a-day basis, all varieties 
of traffic density and times of day were sampled. 

"The effects of real enforcement on traffic 
flow behavior were included in the collection of 
data. A three-month program of verbal warning, 
wrltten citations and written warnings was planned, 
but not implemented, because the closing for re
.pairs of a bridge on the test highway caused a 
delay of six weeks. When the highway reopened, 
the necessary state police participants had been 
assigned to other areas where there were heavy 
manpower requirements. 
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"During the execution of Objectives #2 and #4 
the stationary symbolic enforcement exercises, traf
fic on the test highway was exposed to varying 
numbers of police vehicles, from light to heavy 
levels. Accident data during these months were com
pared to those previous years, in an effort to 
relate the stationary enforcement activity to ac
cident history." 

The study concluded~ 

"The stationary police vehicles significantly 
affected both mean speed and percentage of violators, 
but no overall significant effects were observed 
for traffic headway or headway violators. In the 
vicinity of the stationary vehicles, the more 
"threatening" enforceme.nt configurations (arrest, 
pack) produced greater actual decreases in mean 
speed and percentage of violators. These effects, 
however, died out more quickly than those produced 
by less threatening enforcement symbols. 

Varying under different traffic density conditions, 
these decreases generally tapered off w~thin 3.2 miles. 

"Movi~J enforcement vehicles produc~d similar! . 
but less pronounced, effects on traffic flow behav~or. 
In the case of moving vehicles, the effects were 
observed to be the greatest ahead of the vehicle 
rather than adjacent to it. The effects of both 
stationary and moving enforcement symbols upon traf
fic speeds dissipated rapidly after these symbols 
were removed." 

It was also found through an analysis of variance tha~ a sta
tionary enforcement symbol was a significant main effect under . . 
85th percentile speed (p=.OOl) but was not a ?ignif~cc:nt. main effect 
under speed standard deviation (see Table 4-9). Th~s· tended to 
indicate that the-enfo~ment symbol tends to shift the entire 
speed frequency distribution toward the lower end of the speed 
regions but, at the same time, does not appreciably affe~t .the. shape 
of curve. This speculation is given further support by speed 
histograms prepared by the CHTIS b7f07"e, during~nd after "treatment

ll 

(see,Figures 4-lS and 4-16). Stat~st~cal analys~s of the,speed 
histograms confirmed that the distribution remained Gauss~an 
throughout the displacement. 
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TABLE 4-9: Summary of Analysis of Variance Results 

for AU Traffic Flow Measures (1) 

,. 

Source of 
variation 

(StAtionary Symbol) 

B (Time of Day) 

(Symbol Location) 

A x B 

A x e 

Bxe 

AxBxe 

*p = .05 
**p = .01 

***p = .001 

Speec1 

*** 

** 

Traffic Flaw Measure 

Percent 
Speed Speed 
Standard 85th Per- Limit 
Devia'- centile Viola-
tion Speed tors Headway 

*** *** 

*** ** ** 

** * 
* 

(1) Source: Reference 16 

Percent 
Headway 
Viola-
tors 
(Tail-
Gaters) 

** 

*** 

FI GURE 4-15: Distributions of Spot Speeds for Same- and 
Opposite-Sides of Road Combined, Before, During and After, 

Adiacent Application of A "Pack" Stationary Enforcement (1) 
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FIGURE 4-16: Distributions of Spot Speeds for Same- and 
Opposite~Sides of Road Combined, Before, During and After, 
Adiacent Application of An n Arrest" Stationary E.nforce.nent (1) n 
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It was noted in the previous study that it was not possible 
to implement a planned effort to estimate the affects of more con
ventional enforcement techniques on traffic flow variables because 
data collection problems brought on by repairs on the test highway. 
In the present study, the short-term effects of a concentrated 
warning-citation program in the vicinity of a CHTIS sensor site 
were measured. 

The experiment provided data for comparing traffic flow 
characteristics at a given location over three 24-hour periods: 

• The'test day preceding the test day (before day). 

• A day representative of the day preceding the test 
day (before day). 

, 
• The day following the test day (after day). 

The test day ~elected was Tuesday, November 1, 1971. Five ISP 
patrol vehicles were stationed at loop sites 39 and 40 from 7:00 a.m. 
to 11.30 a.m. They were instructed to apprehend vehicles exceeding 
the posted speed limit (i.e., 45 mph) by five mph or more. During 
the "treatment" period the officers issued 47 citations, 39 written 
warnings, and three notices to repair defective vehicles. No en
forcement actions were taken on either the before day (Monday, 
October 25, 1971) or the after da~ (Wednesday, November 2, 1971). 

The results are shown in Figures 4-17 through 4-26, which 
present various traffic flow variables as functions of time for the 
enti.re day of the experimen't. Examination of the data indicates 
general reduction in percent speed violators during the treatment 
period from that observed du.ring the same hours of the preceding day 
(i.e., 7:00 a.m. to 11:30 a.m.). On the day following the treat

ment, the percent speed violators had returned to about their 
original value. A similar result was noted for average speed, with 
reductions during treatment reaching approximately five mph. A pos
sible reduction in speed standard deviation was noted in the inbound 
lane (loop set 40), but no reduction was apparent in the outbound 
lane (loop set 39). The other two flow variables considered (i.e., 
percent headway violators, speed distribution skewness) exhibited 
no obvious. differences for the three nays considered. Furthermore, 
no lasting effects of the increased enforcement activities were 
obvious: all three days exhibited similar traffic flow character
istics at times of the day corresponding to no treatment on the 
test day. 
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Thus, the results obtained from data collected during the 
present study teng to indicate that increased conventional enforce
ment activity is associated with reductions in both average vehicle 
speeds and percent speed violators .. but again failed to point to 
any real effect of enforcement on speed standard deviation. These 
results clos~ly follow those cited previously in the investigation 
of the effects of stationary enforcement symbols on flow variables. 
This is not really surprising since that experiment had purposely 
sought to simulate police vehicles in various enforcement posture,s. 
To determine the effects on driver behavior of the actual arrests 
and subsequent further Traffic Law System actions, relative to those 
due to symbols alone would require a study of much longer duration. 
Such studies will eventually have to be done if rational traffic 
risk management is to progress beyond the superficial level. 

4.2.3 Conclusions 

Most past investigations of the effects of risk control forces 
on accidents have been concerned with t'he larger aspects of the 

'problem rather than with its fine structure. Such studies tend to 
dump the myriad variables that describe traffic accidents and traf
fic law enforcement into a few all-encompassing factors and then 
~ttempt to relate,them through simplistic expressions. Not surpris
lngly, t~e resultlng conclusions tend also to be nonspecific and 
largely lrrelevant to all but the broadest applications. Thus, for 
example, one can state that under some conditions, some kinds of 
enforcement actions appear to have a generally favorable affect on 
some kinds of accidents. The difficulty arises when one attempts to 
del~e deeper into the n~ture of the conditions under which rigourously 
deflned enforcement actlons have a specific effect on particular 
kinds of accidents~ . 

The picture with respect to enforcement traffic flow affects 
is much brighter. The CHTIS provides a tool for precise determi
nation of both long-term and short -term effects of specific ent'orc:~6'~ 
ment actions on the vari.ables that describe the details of 'traffi.c 
flow. As yet, its app Ii ca tions have been 1 i.[(1i ted so that no com:" 
pendium of enforcement effects coulq be pre'pared even for r-1onroo 
County. Nevertheless, the potential has been clearly demonstrated 
and can be realized through a comprehensive and methodical analysis 
of a~l enforcement alternatives in-given jurisdictions~ The results 
of such an investigation would provide a means for selecting en
forcement alternatives most appropriate to achieving desired traffic 
flow characteristics and would thus be of great benefit in determinincr 
more productive allocations of enforcement resources. . 

- 104 

',' 

i 

j 

I 
\ 

4.3 Resource Allocation 

The next step in the traffic risk management process is the 
combination of knowledge of the nature of the risk with knowledge 
of the expected effects of alternative risk reduction actions to 
determine overall resource allocation policies, strategies, and 
tactics. The role of the CHTIS in this process is discussed below. 

4.3.1 Nature and R~evancy of the Restricted Traffic Resource 
Allocation Problem 

The general traffic resource allocation problem can be readily 
stated in succinct terms: 

The general traffic resource allocation problem 
in a given Traffic Law System (TLS) jurisdictions 
is to determine the operationally feasible mix 
of risk control forces and their point of appli
cation, both s.patial and temporal, which minimize 
the total traffic risk in that jurisdiction. 

Approaches to this problem, both qualitative and quantitative 
have been discussed at some length in reference (18). In the present 
study, however, we are interested only in the part of this overall 

. problem which is concerned with the allocation of enforc~ment re
sources to the minimization of traffic accident risk. A solution'to 
this more restricted problem can, of course, result only in a sub
optimization which might not be consistent with a solution to the 
more general problem. Nevertheless, the bulk of TLS resources today 
are being applied to the enforcement subsystem (IS) and the major con
cern is accidenL risk. Further, given the state of the art of the 
TLS resource allocation process, any solution at all, optimal, and 
suboptimal or otherwise, would be useful in providing insight and 
a point of departure toward more ambitious goals and would, therefore, 
be mpre tha,n we lcome . 

,l' 

At present, the attainment of optimal solutions to either the 
general or restricted resource allocation problem must, in fact, 
be regarded as a goal not likely to be reached in the forseeable 

. future although progress toward it is now beginning to accelerate. 
While optimal overall TLS resource allocation pol~cies resulting in 
minimum risk are an ultimate goal, better subsystem resource al
location policies resulting in less risk are also desirable. There
fore, the enforcement resource allocation problem being addressed in 
the present study is also relevant to the general TLS resource 
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allocation problem and in deserving of attention. The major pitfall 
to be avoided in operational applications of any resulting solu
tions is the neglect of possible effects on the functioning of other 
components of the TLS. As was pointed out in reference (17, 18) 
any contempla~ed change in a TLS component should be preceded by a 
careful analysis of its impact on all other TLS components as well 
as to the system as a whole. 

4.3.2 CHTIS Contribution to the Solution of the Enforcement 
Resource Allocation Problem 

For the purpose of the present study, then, the resource al
location problem may be stated as follows: 

It is desired to determine the operationally feasible mix 
of enforcement control forces and their points of application 
both spatial and temporal, which minimize the total traffic 
risk in the enforcement agency's jurisdiction during a given 
time period. 

Ideally to solve this problem, one nee~s to know. 

• Traffic accident risk as a function of location within 
the jurisdiction, time, and enforcement control forces. 

• ~nforcement control forces as~ function of enforcement 
resources. 

• Total enforcement resources available in the jurisdiction 
as a function of time. 

• Operational constraints in the jurisdiction. 

One could formulate this problem in mathematical terms and set about 
obtaining an optimal solution through anyone of a number of well
known and proven techniques. The solution could then be communicated 
to the enforcement manager as derived information and could be 
used in conjunction with other available knowledge, experience, con
sidered opinion, and judgement to arrive at a decision. Unfortu
nately, difficulties start to arise almost immediately, and most 
of them stem directly from the first input requirement listed above. 
One simply does not know how traffic accident risk varies with 
.§:.nforcement activi ty and without such knowledge there can---se'no 
optimal solution to even the restridted resource· allocation problem. 
For the present, only risk reduction is a reasonable objective, 
and the CHTIS can provide useful resource allocation information to 
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help achieve that objective. 

Several kinds of such information can be made available. First, 
the raw and refined information described in Section 4.1.1 can be 
used directly by enforcement decision makers for risk identifiction 
and to thus assist in establishing enforcement priorities. Second, 
derived information resulting from risk control force analyses of 
the kind described in section 4.2 can be used to select preferred 
enforcement techniques (e.g., moving or stationary enforcement 
symbols, apprehension and arrest, and so forth). Third, simple re
source allocation schemes can be devised to assist the enforcement 
decision-maker in applying the risk identification and risk control 
force information to the establishment of enforcement priorities 
and the selection of preferred enforcement techniques. Since the 
first two kinds of information have been discussed previously in 
this report, we will only be concerned here with the ident~f~cation 
and discussion of possible decision-making models for prov1d1ng de
rived resource allocation information to enforcement managers. 

4.3.3 Decision Making Models for Enforcement Resource Allocation 

Consider an enforcement jurisdiction interspersed with high-
ways which have been divided into patrol sectors for the purpose of 
assigning enforcement resources (see Figure 4-27). Let the t~tal 
number of patrol vehicles available during any given time per10d 
T be equal to M and the total number of patrol sector~ be e~ual to 
N. Further, let the number of patrol hours spent dur1ng T 1n any 
sector, i, be represented by X· and the enforcement tech~ique ~m
ployed in i be represented by, t i . Finally let th7 traff1c ~cc1dent 
disutility during T ati be given by u- where ui 1S a funct10n of 
X· and ~'. The resource allocation go~l, then, is to choose Xi and 
~7 to mi~imize the total accident disutility during T over all patrol 
s~ctors in the jurisdiction. Stated mathematically, 

Min :u (xl' Sl; x 2 ' S2; •.• I xn I Sn? = 

u 1 (xl ,S) + u ( X ,S 2) + ••• + u (xn ' Sn)' 1 2·2 n 
(14) 

subject to 

Xl + x 2 + ... + xn = x == MT (15 ) 

(14) defines a two dimensional, N-stage optimization problem . 
However, the dimensions can easily be reduced to one by redefining 
the disutility function such that: 

u. (x.) == u. [x. , S ~ ( x. ) J, ( 16 ) 1 1 111 1 
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FIGURE 4-27 

Enforcement Patrol Sectors 
In A Typical Jurisdiction 
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where ;~ (x.) is the enforcement technique that minimizes u. 
4 ~ ~ 

at x.. since S. is a discrete variable, u. [x. I S~ (x.) ] 
~ ~ ~ ~ ~ ~ 

can be determined from the functions u. (x. , S.). Figure 4-28 
~ ~ ~ 

shows how u. [x. , S~ (x.) ] can be developed graphically. 
~ ~ ~ ~ 

The problem now becomes: 

Min u(x1 ' x 2 ' ••• , xn) = u l (xl) + u
2 

(x
2

) + ... + un (x
n

) (17) 

subject to 

If the ui(xi)·s are continuous and single-valued, then a necessary 
condition for (17) is 

where 

OZ (xl I x 2 ' •••• xn ) = 0 

ox. 
~ 

Z (x , x , ••• , x) = u (xl ' x
2 

' ••• I x) - r...x I 
1 2 n n 

and is a Lagrange multiplier. This means that 

au. (x.) 
~ ~ 

ox. 
~ 

Integrating (20) leads to 

u. (x~) - u. (0) = AX* 
~ ~ ~ i 

and 

u* - u(Oj t::: AX, 
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where 

••• I X ) 
n 

u(O) == u(O, 0, ••• I 0) 

X~ = ~alue of x. used to minimize ( ) 1 1 U Xl I X 2 ' ••• , xn 

Dividing (21) by (22): we obtain 

X~ 
1 

X 

U. (X~) - u. (0) 
111 = -=~~---~~--
u* - u(O) 

(23) 

(23) expresses the necessary conditions for an optjmal solution to 
(17) and can be used to determine x~whenu. (x. )is known(i = 1, ,2, ••• , n). 

111 

However, as was noted earlier, u i (xi) is not known, and the 
decision maker must be satisfied with allocations that approximate 
the condition (23). 

A familiar allocation policy will result when the local 
disutility using an optimal policy is small compared to the local 
disutility using zero resources. I~ this case, we obtain 

x~ u. (0) 
1. ; --.::;;1 __ 

U (0) , 
(24) 

x 

or 

x~ ~ k u. (0) , 
1 1 (25) 

where 

k =U(XO) (26) 
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C"' " 
(24) and (25) state that, the ~~ailabl~ patrol hours in a given 
time period should be allocateq,/suchthat number of patrol hours 
spent at a given patrol sector ~s proportional to the zero al
location disutility at that sec~or. Such a policy approximates an 
optimal policy only when large ~isutility decreases are possible 
in the vicinity of x. ~ O. 

~ 

The above development demonstrates the mathematical justi
fication for the well-known concept of proportional distribution 
or selective enforcement. This concept and its history have already 
been discussed briefly in this report (see Section 1.3). Propor
tional allocation would appear to be particularly useful in con
junction with the raw and refined accident and flow information pro
vided by the CHTIS. It could be applied to policy making and stra
tegic planning by using historical traffic accident disutility data 
of the kind presented in the Accident Data Handbook to approximate 
the zero allocation disutilities. One could then determine baseline 
allocations for a given year, months of year, days of the week, and 
hours of the day and the results could be used in both allocation 
planning and in allocation scheduling. Further, uSed in conjunction 
with the information provided by the CHTIS traffic flow subsystem, 
the approach could also be beneficial in making short'range adjust
ment to the baseline allocations. In this case, disutility could 
be measured in terms of specified traffic violation believed to be 
indicative of local risk (e.g. I number of vehicles exceeding speed 
limits by a specified amount). 

Clearly, real world applications would have to be capable of 
incorporating operational constraints not specified in the above 
formulation. For example " patrol units nearly always have other 
non-traffic enforcement duties as well as non-enforcement traffic 
duties. Thus, an expected real world constraint would be the spec
ification of both lower and uppper limits to the patrol hours that 
could be allocated to a given time period. Such constraints would 
take the form of 

x. ::r. x. !: X. 
~ . ~ ~ 
m~n max 

(27) 

and could be easily worked into the computational procedure 
through a simple algorithm. 

Of course, should future research make available reliable 
means for determining the functions ui(xi ), the proportional alloca
tion approximation would no longer be necessary, and optimal alloca
policies could be determined. If, for example, it ~ere found that 
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the disutility functions were exponential, one could obtain an 
analytic solution to the problem. Defining 

u. (x. ) 
~ ~ 

-a.x. = c e ~ ~ + c 2 .' 
Ii ~ 

the optimality conditions become 

from which 

ou. (x.) 
~ ~ -a.x. \ 
o 

x. 
~ 

x. 
~ 

= - a,c
l 

e ~ ~ - ~, 
~ , 

~ 

1 r a. cl.l = - .tn;- ~ ~ 1 

a i L A ~ 

summing over all i1s, we obtain 

Solving (30) and (31) for xi yields 

1 r a. 
xi = --- 'l ~ [x 

n n 

\a. ,L ~ 
i=1 

n 
, 1 1" 
-.tn a. c

l 
J + -.tn a. c

l 
i 

a. ~, a. ~ '. J 
~ ~ ~ ~ 

'" 
i=1 

The cOrlstants cl, may also be expressed in terms of the 
~ , t'l't alloca,tion disuil;ili ty and the study stat~~ d~su ~ ~ y: 

C ::!: U. (0) - u. (0:) 
1. ~ ~ 
~ 
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A more flexible way of solving problems of this type employs 
the technique of dynamic programming. This approach does not re
qUire continuous disutility functions and is far more suitable to 
obtaining solutions under constraints. Briefly, the approach in
volves obtaining solutions to a recursion equation of the form 

where 

f (x) = max [u (x ) + f l(x-x) J 
n O~x ~x n n n- n 

f (x) = n 

n 

max 
(x. } 
~ 

(34) 

(35 ) 

An algorithm for solving (34) is discussed in detail in reference 3. 

It should also be mentioned in passing that the dynamic pro
gramming approach can be used in routing patrol units through high
way networks from one patrol sector to another in minimum time (or 
distance). An expression for the recursion equation is also pre
sented in (reference 3) : 

f ( 9, 1Jt) = min r'd ( 9, IJt i 9+ 1, \~+ 1 ) + f ( 9+ 1, 1Jt+ 1) ", 
l.d(8, lJti 9+1, 1Jt-1) + f( 9+1, W-l ) / (36) 

where d(9,yr9+1,$+1) represents the distance between the points 
(9, W) and (8 + 1, W + 1). The authors '(Bellman and Dregfus) also show 
how (36) can solved). 

Equation (36) covers the case where there are two, one-way 
exit routes from a given mode. A more general expression ma,y be 
written as 

fN+l - min [s ~. + f. IJ 
. 1 2 n~~~ ... ~= , , ••• , N (37) 
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I I, f. \ 

f =: Distance from node N to node 1 using optimal route. N-.l 

sN ... l = Distance from node N to next adjoining node i. 
;-

f. 1 =: Distance from node i to node 1 using optimal route. ~~ 

When the availability and cost of a patrol unit vary among 
the different patrol units, a classicial transportation problem 
approach may be applied. Table 4-10 illustrates the analogy, and 
allows one to write the conditions for optimal distribution of the 
units. We have 

Min c .. x .. 
~J ~J 

i,j 

subject to 

M 

and 

I Xij = ai 
i=l 

N 

" L 
i=l 

M 
\ . . 
1-' 

x .. 
1J 

a· 
~ = 

N . 
) 

i=l j=l 

b ./ 
J 

(38) 

for each j, (39) 

for each i, (40) 

(41) 

C is the total cost of assigning M units to N sectors over a time 
period T; ai and b J. are as defined in Table 4-10; and xi' is the 
time spent by unit i in sector j. In terms of the presertt problem 

M 
,-' 
) a. = x, 

I.. ~ 
(42) 

i=l 

where 
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TABLE 4-10 

Analogy Behlveen the Classical T'ransportation Problem 
and the Patro~ Unit Distribution Problem 

Parameter Description 

Parameter Transportation Problem Patrol unit Distribu-
tion Problem 

c' . Cost to ship from plant Cost per unit time for! 
~J i to \\rarehouse j patrol unit i to service 

sector j 

a· Production output of Patrol time available 
1. plant i (Le. , supply) from patrol unit i 

b, Number of units needed Patrol time required 
J at warehouse j (i.e., at sector j 

demand) 

.' 116 

I 
1 
1 

x = the to'cal: patrol time available over a given allocation 
period T. 

Further, if a proportional allocation policy is to be applied, 
then from (25), 

where 

b. = k u.(O), 
J J 

...,!L, 
k = 'u (0) 

. Substituting (42), (43), and 
N 

x = U(O) L Uj(O) 
j=l 

(,43) 

(44) 

(44) into (40), we obtain 
\ 

or (45) 

Thus, the con'straint of (41) is met, and we can set about solving 
(37) using classical transportation problem techniques or linear 
programming. A typical solution to this problem will provide, for 
example" a schedule for four patrol units and six patrol sectors 
is illustrated in Table 4-11. 

If patrol unit demand were known in advance, an individual 
patrol unit schedule could; be prepared in advance, as is shown in 
Table 4-12. 
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Patrol Unit 

1 

:2 

3 

4 

TABLE 4-11 
Patrol Unit Assignmt~nt Schedule 

Time Period 2300 Hours~2400 Hours 

14 March 1972 

Patrol Sector , 
1 2 3 4 5 

2300(1) 2330 
-2330 -2345· 

'~ 
I 

2300 
t 

-2400 

2300 
-2400 

2300 
-2400 

, . l-

(1) Time period of assignment 
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• 

6 

2345 
-2400 

TJlU3LE 4-12 

Assignment Schedule For 

Patrol Unit Number 4 - 14 March 1972 

Highway Segment 
Time 
Period 1 2 3 4 5 6 

0000 - 0030 x 

0030 - 0130 x 

0130 - 0230 x 

· · · 
2230 - 2400 x 

The XIS in the table indicate where unit four ought to be at the 
given times. Each unit would also have to be provided with its . 
optimal path from its starting point to its destination as deter
mined from equation (37). We note also that the above solution re
quires that the travel time must be small in comparison to the time 
spent by unit i at sector j. 

Table 4-12 could be updated as required on a real time basis 
using the CHTIS. One could then account for changes in demand due 
to weather, emergencies, unforseen non-traffic demands, and so forth. 

4.3.4 Conclusions 

Under the present state of knowledge, the traffic accident
enforcement action relationships necessary for determining optimal 
resource allocations do not exi.st. It ls, therefore, necessary to 
formulate the resource allocation problem such that one seeks only 
near-optimal allocations of fixed levels of enforcement resources 
rather than optimal allocations of all Traffic Law System resources. 
It is concluded that this restricted forml.ilation of the general 
TLS resource allocation problem is relevant to the cause of traffic 
safety, provided care is taken to coordinate any resulting policies, 
strategies, and tactics with other TLS components. . 
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~t is f~rthe~,concluded that the CHTIS can be of considerable 
help In sOlvln~ ~h~s,prOblem,by providing raw, refined, and ~erived 
res,?urce, allocat~on lnformatlon to the decision maker. The r'ilw and 
defl~ed lnformatlonwould assist them in identifying risk and~in 
settlng up enforce~ent priorities, while the derive~ informatIon 
cou~d ~e used in sE~~ecting preferred enforcement techniques arl'd in 
asslgnlng patrol Ur1\l ts to achieve lower levels of over all traffic 
accident disutili ty,. 

, Seve~a~ decision making models have been identified as useful 
In ~e~ermlnlng b~tt$r ways of allocating enforcement resourc~s. The 
~amlll7r ~roportlonc~l ~llocat~on scheme could be used inunediately 
In asslgnlng patro~ unlts. Wlth appropriate extension, the technique 
c~n, be uS~d to ~evls,e patrol unit assignment schedules that utilize 
mlnlmum tlme, dlstance, or cost routings between patrol sectors and 
th~t account for varlation of availabi.lity and cost among patrol 
unlts. The CHTIS co~ld pro~ide essential input information to per
form the necessary calculatlons and to maintain viable schedules .. 

4.4 Considerations in Developing, Traffic Safety Public Education 
Programs . 

The preceding sections have discusSed that part of the project 
effort th~t was devoted to developing ·a risk information capability 
for tra~flc law enforc~ment agencies. This section discusses the 
uses,whlch t~e CHTIS mlght serve in educating the general driving 
publ~c about matters rel~ted t~ inc~ease~ highway safety. The data 
generated by the,CHTIS, In conJ~nctlon wlth an organized educational 
eff07t, can p~ovlde a sound basls for the design of a functional 
publlc educatlon program. 

4.4.1 Public Education and Risk Management 

Genera~ly speak~ng, education is a means of creating behavior 
that ~eets predetermlned standards and objectives. In the case of 
the,HlghwaY,Trans~ortation System (HTS) , public education is a means 
<;>f lnfluencln~ drlver behavior so as to increase highway safety and 
lmprove trafflc flow, thus promoting the objectives of the Traffic 
Law System ('rLS)., Thus, public education, as was noted in Se,ction 
2~0, is an essentlal element of the HTS risk management process. 

Three major objectives are suggested for such a public 
education program:, 

• Improve the public's perception of risk. 
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• W~n the public's active engagement in managing risk 
through a change in their driving behavior. 

• Encourage the public to pressure and to support the TLS 
and the HTS for changes which will reduce risks. 

A public education program aimed toward the accomplishment of 
the objectives should emcompass the following five phases: 

• Analysis of the public. 

• Identification of desired behavioral changes. 

• Preparation of the message. 

• Determination of appropriate m~dia. 

• Evaluation. 

Each o£ these five phases is discussed briefly below. 

4.~.2 Analysis of the Public 

An analysis of the driving public must be con~ucted in 
identify the groups that are responsible for the rls~s, are 
by the risks, and are able to reduce the risks. 

order to 
affected 

The public can be identified on two levels of detail. ,At the 
first level such driver groups as ponunute~s, s~u~ents, tourlsts, , 
drinkers, truckers, and so forth, ,can be ldentlfled through studles 
of their driving habits and moti ve:~. At the, s~cond leve~, o~e can 
develop within these large groups/,'more speclflc categorlzatlons c;>f 
driving habits. For example, within the student group are cornmutlng 
college students high school students driving around the local root 
beer stand, and ~o forth. Among the worker group are factory workers, 
university employees, businessmen, and so forth. 

In Monroe'County, the southbound traffic c;>n.highway 37 consists 
of local traffic, conimuting traffic, and tranSlents. ~ breakdown 
of the local traffic would identify such groupsa~ resldents, stu
dents and businessmen in each town between Bloom~ngton and Bedford. 
Analy~is'would undoubtedly show considerable consl~te~cy among these. 
small groups from town to town'and would probably lndlcate that the 
same educational information would be applicable to all .of them. The 
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transient traffic (e",g. I t.ourists, truckers, and salesmen) would be I 
expected to vary seasonally. In the summer, the total volume of "}.,l,,'\ 

tra~fic measured a~ the sensor sites increases significantly during 
hol~days and vacat~on months so that educational information aimed ~ 
at tourists would most likely be ineffective in a monih such as Jan- t 
uthary . On the other hand, survey data might indicate that most of t 

e truckers are working for a few companies centered in Indianapolis' I 
and that they consistently utilize on south 37 the year round. Fac- I 
t<;>ry workers might be identified as commuters from local manufacturing f 
f~rms, and z;:,o forth. ' ., 

. The analysis of the public can be as specific or general as is iI," 
requ~r7d for cost-effective identification of the targets of the 
e~ucat~on pro?ram. Whatever its extent, the analysis is essential, 
s~nce ~t prov~des the educator with his first indications of the 
requirements for communicating with the target groups. 

4,4.3 Identification of Desired Behavioral Change~ 

. ?n~e the ac~U~l sourc7 s of the risk-generating behavior are 
~dent~f~ed{ spec~f~c behav~oral changes must be initiated in order 
t<;> reduce the risks. Generally, two kinds of changes are sought: 
~~rst, the public must change its own driving behavior and, second, 
~t must apply pressure to the TLS to reduce the risk-generating 
behavior of others. 

For example, to influence favorably commuter traffic on Indiana 
State Route 37, some quite specific behavioral changes must be' 
ach~eved. Pu~lic pressure on the TLS ~o reduce the risk of tailgate 
acc~dents dur~ng the rush hour and to ~ncrease the convenience of 
traveling home at that hour might be manifested in the following 
behavior:' ' 

• Individual drivers or groups of drivers asking their 
unions to negotiate with the industries for staggered 
schedules among the three industries. 

• tobbying done on the state level for a Eour lane high
way from Bloomington to Bedford. 

Direct behavioral 'changes in one's own driving habits might include: 

• Forming car pools to reduce traffic volume. 

• Driving alternate routes. 

• Refusing to tailgate when traffic is heavy. 
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• A driver allowing a passenger to drive when the car 
owner is intimidated by the traffic. 

Identification of these specific behaviors make possible the prepara
tions of effective messages to inform the public of needed action for 
risk reduction and help to suggest specific actions for reducing 
risk. 

" 4.4.4 Preparation of the Message 

At this point, the educator has defined the nature of the risks, 
the source of the data describing the risk, and the necessary behav
ioral changes which must be stimulated in order to reduce the risks. 
He must now define t,he information that will generate these changes 
in the target ~roup. 

This information is provided by: 

• The CHTIS (flow and accident data). 

• Audience analysis. 

• Analysis of interrelationships between flow, accidents 
and the audience. 

For example, ·the educator may determine that a driver travel
ling highway south 37 on weekdays between 4:30 and 6:00 p.m. faces 
a high risk of tailgating accidents, and may find that the people 
primarily responsible for this risk are commuting workers from three 
Bloomington firms. He knows tpere will be no new highway~ built in 
five years, that the alternate routes south are inadequate for daily 
travel, and that the people generating the risks are not going to 
stop driving to work. The educator may, therefore, decide that his 
message should generate (1) group action that will ,lead to the re
scheduling of ,~ork traffic until a better highway can be built, and 
(2) individual action to reduce the traffic volume by joining car 
pools to reduce risk by driving more sa~~ly in the exis~ing traffic 
situation. The message designed to ach~eve these behav~oral changes 
might inform the target group that (1) the risk iS,caused by.ta~l
gating and by inappropriate speeds; (2) group act~on c,?u~d ~~h~eve 
rescheduling of working hours; (3) employers need spec~f~c k~nds of 
pressure such as ....• ; and so forth. 

The educator's message will always be determined by a careful 
identification of the nature of the risks, the sources of the risks, 
and the behavior changes which can reduce the risks. The educator 
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necessarily must analyze data relating to all of these areas in 
order to design information which will achieve the desired results. 

4.4.5 Determination of Appropriate Media .. 

The means for delivering the educational information are of 
critical importance. If the media are inappropriate to the audience,. 
the public will remain un.informed and unresponsive and will hot be 
motivated to diminish the risks. If, for example, the target group 
is composed of teenagers, professional journals are obviously not 
going to reach them, but film at the local drive-in theaters might. 
In the case of workers who CO:mmute on highway 37, the most. cost
effective medium might be the spoken word at union meetings, and in 
sessions with their employers. If the public needs evidence that 
the problem can be eliminated by their actions, film or graphs ~en
erated by the CHTIS could be used. 

The media are frequently used inappropriately with little re
gard for the audience's needs. To be used effectively, CHTIS in
formation would have to be m~de compatible with the media and trans
lated into terms that are relevant and comprehensible to the public. 
Newspaper columns, for example, have little relevance if thl9 raw 
computer data are printed with' no explanations. 

4.4.6 Evaluation 

Evaluation allows one to determine whether or not the behavioral 
objectives have been accomplished, and if not, eva~uat~onis the 
key to reorienting the education program so the Ob]ectlves can be 
met. The two most important principles in public education evalua
tion are (1) that it be provided for in the initial planning stages 
of the program and (2) that the actual evaluation process be care
fully specified. In tar.ms of the present problem, this means de
ciding how to monitor risk generating behavior and how to interpret 
the monitoring information as an indication of the program's success 
or failure. 

The data generated by the CHTIS are uniquely useful for evalua
tion because they provide a quantitative measure of driver behavior. 
under actual operating conditiOnS. The mathematical measurements of 
traffic flow data can be replicated in pre-test and post-test con
ditions and traffic volume, vehicle velocity, and other factors 
related'to driver behavior can be determined before and after the 
education program. 

In the case'of Monroe County, an educational program to reduce 
tailgating and traffic density on south 37 might be evaluated by 
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determining whether or not the traffic flow decreased in volume at 
the rush hour and whether. vehicles traveled in close proximity to 
one another at high speeds. If the manufacturing firms staggered 
their shifts, the sensor site data could be used to indicate possible 
decreases in passenger car volume, and so forth. 

When specific data (e.g., CHTIS data) are to be used to measure 
bhanges in behavior the evaluation effort must be planned in con
junction with the definition of education program objectives. Better 
overall education program results may be expected from a properly 
planned evaluation program. 

4.4.7 ConclUSions. 

The public education program for traffic safety should be de
signed in a systematic way according to well-established principles. 
With the CHTIS, public education becomes an extremely important tool 
for risk management. Proper utilization of that tool requires that 
one: 

• Identify the risk--analyze the data. 

• Identify the sources of risk--analyze the public. 

• Identify the groups which are causing specific risks 
and groups that can reduce the risks. 

• Determine what changes in the audience's behavior are 
necessary to eliminate the risks. 

• Determine what media are cost-effective and appropriate 
for the selected audiences. 

• Determine what evaluation can be achieved, how it can be 
accomplished, and how it can be used. 
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5.0 CHTIS IMPLEMENTATION AND EVALUATION , 

5.1 Introduction 

This section of the report describes in summary· form the CHTIS 
configuration that was implemented in Monroe County, Indiana, and 
presents a brief evaluation of the system's effective~ess in accom
plishing the following objectives: 

• Primary Objective - Provide, under operational con
ditions, useful traffic risk information to a local 
law enforcement agency. 

• §econdary Objective - Reduce overall traffic acci
dent risk in the jurisdiction covered by the opera
tional CHTIS. 

The operational phases are described first ih terms of overall 
characteristics of the implemented CHTIS and the agencies serving 
simultaneously as users and components of the system. A general 
description is then provided of the sequence of events involved in 
implementing and testing the CHTIS. Evaluation procedures and 
findings are presented, assessing the extent to which both system 
objectives were attained. This is followed, finally, by a general 
discussion of evaluat,;i.on findings regarding the impact of the CHTIS 
upon resource allocation procedures and upon traffic accident risk. 

5.2 Summary Description of the Implemented System 

T~e CHTIS traffic flow subsystem described in Section 3.0 
above was fully implemented in the indicated locations, and in
volved the police and university agencies specified, in Monroe 
County, Indiana. Monroe County is located approximately 50 miles 
southwest of the City of Indianapolis in south-central Indiana. 
It is 410 square miles in area, and its population, according to 
the 1970 Census, is 83,908. The county seat is Bloomington, popu
lation 43,188, which is the home of the main campus of Indiana 
University. The area is physically composed of gentle, rolling 
hill land, for the most part. In terms of surface and geometry, 
its roadways are representative of all types, excepting Interstate 
highways, expressways or freeways. In 1969, some 2,227 accidents 
were reported by the law enforcement agencies of the City of 
Bloomington and Monroe County, and by the Indiana State Police. 
Within Monroe County, some 29,749 passenger vehicles and 7,207 
trucks were registered in 1970 to County residents. In addition, 
some 12,501 vehicles were registered to University faculty and 
students, many of whom were non-residents. 
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Risk information generated by the CHTIS was fed to the 
Indiana State Police Post no. 33 serving Brown, Lawr7nce, Mor~an, 
and Monroe Counties, and located in Bloomington, Ind~ana. Th~s 
post employs 41 person~, 38 o~ ~h~m are sworn law enfo~cement, 
officers and the rema~nder c~v~l~ans. The sworn cont~ngent ~s 
composed'of four line commanders, specialists, two detectives, 
and 28 troopers. 

Risk information generated by the CHTIS was provided to 
personnel at the State Police Post in the manner illustrate~ in 
Figures 4-1 through 4-4 in Section 4.1.1.1 above. Informat~on 
was thus provided via cathode ray t~be image, and hard~copy c~m
puter printout, covering the follow~ng traff~c f~ow/r~sk var~ables 
for each loop site continuously on a 24-hour bas~s: 

• Direction, speed, length, headway, and time of loop 
crossing for all individual vehicles. 

• Counts of total vehicle and of total police vehicles 
crossing loop. 

• Totals and percentages of speed violators observed, 
within one, five, and 10 miles per hour above posted 
speed limit. 

Thus as described earlier, police personnel were able to use 
the imple~ented CHTIS to obtain on-line information concernin? 
traffic b~havior at any selected loop in either ~ane ,?f tr~ff~c, 
and were provided daily summary reports on speed~ng v~olat~ons and 
headways at all 50 loops. 

5.3 Implementation Schedule 

CHTIS implementation and testing activities were completed ac
cording to the following major milestone dates: 

.'Expanded computer sensor system installed and 
tested 3/71-

• CRT installed at State Police Post 9/11. 

• Regular violation summary printouts provided 
State Police Post 11/71. 
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5.4 Evaluation Results 

5.4.1 System Impact on Resource Allocation Procedures 

In this section, evaluation findings are provided concerning 
the first objective of the CHTIS: "Provide, under operational 
conditions, useful traffic risk information to a local law enforce
ment agency." 

Here observations and opinions gathered from Indiana State 
Police officers who used the Monroe County CHTIS are reported and 
summarized. As users of the traffic flow information generated 
by the system, these officers' subjective assessments of CHTIS 
effectiveness provide valuable insight into "real-world" aspects 
of using such a system to reduce accident risks and improve allo
cation efficiencies. Their reports a~e grouped according to five 
general categories of information: how the CHTIS was actually used 
to allocate State Police vehicles~ cost/benefit considerations: 
attitudinal and morale factors; other impact considerations~ and 
overall evaluation conclusions reported by these CHTIS users. 

5.4.1.1 Description of Allocation Procedures Used 

Prior to implementation of the CRTIS, patrol duty routes and 
schedules were assigned on a fairly arbitrary basis, with emphasis 
upon covering those highway stretches with previously-identified 
high accident rates. Without either real-time or summary data on 
speeding or headway violation ra't::.es, allocation was largely a 
"cut-and-dry" procedure; the general strategy was to cover as much 
territory as possible with the manpower and vehicles available, in 
hopes of creating a general appearance of police presence and avail
ability. 

Once traffic flow data became available through the CHTIS 
cathode ray display and regular hard-copy printout summary reports, 
state Police officers put this information to immediate use in allo
cating their vehicles and manpower where they felt they would have 
the greatest impact upon violators, and, consequently, they assumed, 
upon accidents. 

In particular , it was found that the hard-copy printout sum
maries of loop data were the most useful in identifying highway 
stretches in need of patrolling. Command officers would typically 
take these daily summaries of speeding violation rates home in the 
evening for careful study. In the morning, they would identify 
locations with high violation rates, and let the patrol officers 
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on duty s~lect areas they particularly wished to patrol that day, 
during the hours violations were most likely to occur. Emphasis 
was placed upon areas where posted speed limits were exceeded by 
10 mph or more, for officers felt these drivers were in greatest 
danger of accident involvement. 

At times, definite assignments were made, when it was apparent 
that high-risk situations might not otherwise be patrolled. For 
example, when it was found that violation rates on a particular 
highway were high during lunch and ~inner hours, officers in that 
area were requested to patrol during these hours and to defer 
their lunch or dinner until later. 

The CRT on-line display was used to a lesser extent, and in 
slightly different ways, from the way summary printouts were used. 
Officers would frequently corne into the State Police Post before 
going on duty or before changing shifts to query the CRT :egarding 
violation rates and traffic counts on a particular loop S1te or 
highway to confirm predictions made by summary printouts from pre
vious time periods. Also, headway data was checked more freq1,lently 
on the CRT than on summary printouts, in determining whether or" not 
to allocate radar cars to particular locations. When headways were 
small and cars closely packed, as on Sundays, radar cars could not 
effectively be used to arrest speeding violators, since it was more 
difficult to obtain radar speed readings and to identify particular 
vehicles under such conditions. Thus, when the CRT display indi
cated violations were up and headways down, the decision could 
easily be mQde to send radar cars elsewhere, and to send regular 
patrol vehicle5ihsteqd to such locations. Finally, the CRT was 
used occasionally to {dentify accident situations. When traffic 
speed d~0pped severely at a particular location, it was assumed an 
obstruction of some sort was causing the slowdown, and a patrol ve
hicle might be dispatched to investigate the possibility of an acci
dent, even before the accident was actually reported. 

In making allocation decisions, State Police officers thus 
tended to depend more heavily upon speed and traffic volume data 
than upon headway data. It was noted that this was true in part 
because headway violations were difficult to enforce and prosecute 
in court, and partially because officers felt speeding violations 
under heavy traffic conditions created more accident risks than did 
headway violations. Regarding actual allocation strategies, the 
usual procedure of sending separate police units to separate patrol 
locations was followed during September, October and December of 
1971. During November of that year, a new strategy was tried, in
volving the use of cOncentrated patrols or "wolf packs". These con
sisted of sending a number of police units to a particular patrol 
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location at particular times identified by the CHTIS to be associated 
with high speed violation rates. These runs would each last for a 
number of hours, and as many citations and warnings as possible were 
issued, in hopas of reducing accident risks at these sites. 

5.4.1.2 Cost/Benefit Considerations 

When asked subjectively to estimate possible savings the CHTIS 
could make possible for the State Police Post, officers emphasized 
that considerable savings were possible, and that their own effect
iveness in reducj.ng accident risk would certainly improve if a -:::. 
CHTIS were provided them on a permanent basis. In particular, of
ficers felt the number of patrol cars used could be cut by 50 pe:r'
cent, provided the remaining units were allocated using a CHTIS at 
the Post. They also were certain that patrol effectiveness and 
arrest rates could be increased very significantly if a CHTIS were 
permanently available. 

The CHTIS in its test configuration included 50 separate loops. 
Officers felt they really needed, and could effectively use only 
one loop for each major highway seg'ment leading into or out of 
Bloomington, insofar as general allocation procedures were concerned. 
It was also noted, however, that having other loops nearby might be 
a help, in case a loop on one particular highway segment was tem
porarily out of commission, an.d a backup loop was needed. 

Regarding particular police units, officers suggested that 
(:!xpensi ve radar units might be replaced by normal patrol cax's equipped 
with mobile teleprinters. When tied into CHTIS, such teleprinters 
could provide i~stantaneous records of the speeds of vehicles passing 
over particular loops. When parked close to these monitored loops, 
patrol cars could accurately identify speed violators and make selec
tive speeding arrests with a high degree of efficiency. 

5.4.1.3 Attitudinal and Motivational Factors 

It was in the area of attitudinal and motivational factors 
that State Police officers felt the CHTIS had especially marked, 
imrned.1.ate impact. Troopers responded positively to being given 
the o9portunity to pick theii own patrol locations, based upon sum
mary volume and violation reports provided them. They tended to 
see this as an opportunity to assume an active rather. than a passive 
enforcement role, and as a chance to really be "where the action was," 
i.e., where violations were occurring, and where accident risk might 
ef~ectively be lowered by their presence. 
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To the extent that trooper performance was equated with ar
rest and citation rates, officers got a boost out of seeing their 
on-duty performance improve. Supervisors, too, felt the CHTIS 
provided them a tool which could eventually be used t6 set mean
ingful perfornlance standards, such as minimal "contact ll rates ex
pected of officers patrolling highways with known violations rates. 

Since the CHTIS in its test configuration made it possible to 
identify police vehicles as they passed over loops, it became clear 
to officers on duty that their locations could be monitored, and 
that it would be possible for their supervisors to check to see 
that they were actually patrolling those locations. In short, 
supervisors felt this kept patrol units "on their toes," whereas 
it might have been difficult otherwise to monitor compliance with 
patrol. assignments. Actually, no attempts were made to monitor 
patrol car compliance with assigned routes and schedules, since 
the number of patrol vehicles was small, and the effort and time 
required to track patrol vehicles in this fashion of dubious bene
fit. 

5.4.1.4 Other Impact Considerations 

It was noted that one advantage associated with the CHTIS in 
its current configuration was that of a high degree of system secu
rity. Loops in the road were almost invisible to traffic, and the 
relay equipment boxes mounted on telephone poles were unobtrusive. 
Officers felt that unless loop sites were identified publically, 
they would be likely to be safe -crom vandalism or sabotage attempts. 

" 

Regarding the accuracy and reliability of loop data provided 
by the CHTIS for allocation purposes, officers were highly pleased 
to find that when the system said violations of a certain kind and 
degree were present at a certain location, they were, indeed, pres
ent when they arrived at the scenei when the CHTIS said something 
was so, it was so. 

2.4.1.5 Overall Evaluation of Impact on Police Act~vity 

In summary, state Police officers interviewed praised the CHTIS 
to a high degree. One said it was tbe "best of all tools," another 1 
that it was the "best thing in 20 years of being a police officer." 
They reported that during the test period they had come to depend 
upon the CHTIS for virtually all scheduling and allocation activities; • 
and that they missed it sorely when it was dismantled at the termin
ation of the present contract. The suggestion was raised'that if a 
CHTIS was helpful to this degree in a county of the size of Monroe 

(1) Appendix A contains a letter from Indiana State Police officials 
expressing this belief and other thoughts on the usefulness of 
the CHTIS. 
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County, Indiana, it migh't:, prove even more valuable if used to 
monitor and control accident risk through violation enforcement on 
large--city arteries, 'freeways, and so on. Officers suggested, fi
nally, that enforcement personnel could appreciate the power and 
usefulness of a CHTIS only after having actually worked with one, 
and that only after one has been exposed to such a system could 
he see its ilumediate and long-range benefits. 

5.4.2 System Impact on Traffic Accident Risk 

In this ~ection, evaluation findings were presented concerning 
the second objective of the CHTIS: "Reduce overall traffic acci
dent risk in the jurisdiction covered by the operational CHTIS." 
Here, objective data on CHTIS effectiveness are intended to supple
ment subjective findings summarized in Section 5.4.1 above. In 
particular, data presented in this section are intended to reflect 
changes in accident statistics and police enforcement activity 
levels during the timt~ the CHTIS was operational, as compared with 
the same months during the previous year. 

Evaluation measureE, are thus examined in a before-and-after 
fashion for the months of September through December 1970 and 1971; 
the 1971 months represent test months, i.e., the period during which 
the CHTIS was implemented and used by the State Police Post in Mon
roe County. 1970 months were selected to serve as "control" months 
in order to nullify seasonal variations in accident rates. 

Nine evaluation measures are examined, and are defined as in
dicated for the time periods involved: 

• Total Accidents: 

• Fatal Accidents: 

• Personal Injury 
Accidents: 

• Property Damage 
Accidents: 

Sum of all fatality, personal injury, 
and property damage accidents in Mon
roe County. 

Total accidents in which at least one 
driver or passenger was killed. 

Total accidents in which at least one 
driver or passenger. was injured. 
(no fatalities) 

Total accidents in which at least one 
vehicle was reported damaged (no in
juries or fatalities). 
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. • Dollar Cost of 
. Accidents: Total cost of total ~ccidents computed 

according to the following formula~ 

Cost = Fatality Accs. x $35,000 
+ Personal Injury Accs. x $3,500 
+ Property Damage Accs. x $300 

• Total Citations: Total speeding tickets State Police 
officers gave drivers. 

• Total Warnings: Total warning certificates State Police 
officers gave drivers. 

• Total Patrol Man-
hours Scheduled: Total hours 'State Police officers were 

scheduled to be on patrol. 

o Average Cita
tions Per Patrol 

Manhours: Total citations divided by total patrol 
manhours scheduled. 

5.,4.2.1 I~pact on Accident Rates and Costs 

Accident rate and accident cost statistics for test (1971) and 
control (1970) m.onths are presented in Table 5-1. 

Total accidents were generally higher dtiring 1971 than 1970 
months, except for a slight drop in December of the test year, 1971. 
During the month of heaviest State Police use of the CHTIS j Novem
b~r ,?f 1971, tota~ accidents reached their highest level, making it 
d1ff1cult to attr1bute to the CHTIS any obvious effect on accidents 
per ~~ Monthly averages covering test and control periods also 
show h1gher total accidents averages during the test year. 

Fatal accidents, however, showed a decrease during the test 
period, with a drop in average fatal accidents from 1.7 to 0.5 per 
~o11.th.. Since the number ,?f monthly fatal accident's in Monroe County 
1S tYP1cally very low, th1s drop may be difficult tO,attribute to 

--

CHTIS influence. It is of interest t6 note, however; that during 
the two months of heaviest Police-CHTIS activity, November and Decem- t 
ber of 1971, no fatal accidents were reported~ ~ i 

Personal injury accidents also showed a slight average decrease~ 
note, however, that breakouts of this type of accident were not 
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TABLE 5-1: Accident and Police Activity Statistics 
For Monroe County Durlng Test (1971) 
And Control'(1970) Months . 

Month 
Evaluation 
Statistic Year Sept. Oct. Nov. Dec. 

--

Total. 1970 19B 196 198 202 
Accidents 1971 221 260 294 181 

Fatal 1970 2 0 3 4 
Accidents 1971 1 1 ° 0 

Personal Injury 1970 67 53 60 66 
Accidents 1971 

-""".e,,. 
50 74 32 (NA) 

Property Damage 1970 129 143 135 132 
Accidents 1971 170 185 162 (NA) 

Dollar cosl'~f i 1970 342.2k 228.4k 335.5k 4l0.6k 
Accidents 1 19;J. 252.2k 26l.0k 349.5k (NA) 

Total 1970 113 106 121 110 
Citations 1971 118 133 656 388 

Total 1970 (NA) (NA) (NA) (NA) 
Warnings 1971 157 177 874 267 

Total Patrol 1970 520 495 592 711 
Manhours Scheduled 1971 313 363 478 1,389 

A'v. Citations Per 1970 .2 .2 I . 2 .2 
Patrol Manhour 1971 . 5 .6 1.4 .3 

(1) See Text: Figures Are in Thousands of Dollars 

(NA) = Not Available 

Average 
Per Month 
Examined 

198.5 
239.0 

1.7 
. 5 

60.0 
52.0 

134.7 
172.3 

329.2k 
287.6k 

113.3 
302.3 

, 

(NA) 
368.7 

579.5 
635.7 

.2 

. 7 

i·1 L 
'~., .......................... 1 ............ ! ........ d .... t.r ____ ~ ______________________ ~ __ 1_3_5 ________________________ __ 



available for December, 1971, at the time of publication. During 
November of 1971, roughly half as many personal injury accidents 
occurred as during the corresponding month in 1970. 

Property damage accidents appeared untouched by CHTIS and 
state Police activity during test months, and were at uniformly 
higher levels for 1971. Insofar as these accidents tend to occur 
within the city limits of Bloomington, rather than on the State 
Highways monitored by the CHTIS, it is less likely tha~ system 
activity would have affected accidents of this type. 

, 
Dollar cost of accidents, computed according to the formula 

cited in section 5.4.2 above, showed an average decrease during 
test as compared with control months. This statistic is strongly 
qffected by fatal accidents, however, and this should be taken into 
account in comparing differences between control and test months 
accident costs. 

5.4.2.2 Impact on Citation and Warning Rates' 

Citation ~nd w~rning rates are also presented in Table 5~1, 
comparing reported figures for test and control months of 1971. 

Total citations went up markedly during the test months of 
1971, reaching a peak in November, when the CHTIS was put to 
heaviest use in allocating police vehicles. The average citations 
per test month was almost three times that for control months, in
dicating the usefulness of the CHTIS in determining where speed 
violations are. occurring, and in allowing police officers to make 
arrests at these locations at times of peak violations rates. 

Total warnings also rose sharply from September through Novem
ber of 1971, but 1970 statistics on warning rates were not avail
able for purposes of comparison. 

Total patrol manhours scheduled went down during ~he first 
three months of the test period, indicating' what R~ay have been more 
selective use of available manhour resources during these months of 
CHTIS operation. When normal allocation procedures were resumed in 
December of.1971, the manhours went up again. 

Average citations per patrol manhour went up as expected during 
the test months, reaching a peak in November, where the seven times 
as many citations were giv~n per manhour as were given during that 
month in 1970. On a cost/benefit basis, it may be that risk reduc
tion through 0itation activity w~s considerably increased by the 
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CHTIS, even though overall accident rates may not have been as 
directly ~ffected for the county. 

5.5 Conclusions 

It is clear that the CHTIS implemented in Monroe County had 
a considerable positive impact upon the activities of the State 
Police Post using the system. They felt the system was a valuable 
asset, both in determining where and how police units and rnanhours 
were to be allocated so as to increase arrests and. warnings and' to 
decrease accident risk, and in motivating officers· to take an 
active: responsible and enthusiastic role in patrol and risk
reduction activities. To this extent, the first evaluation objec
tive, that of developing and implementing an operationally useful 
risk information system for an enforcement agency, was successfully 
achieved. In particular, officers found har~-copy printouts sum-

'. ma'rizing volume and violation rates to be most us:-ful in dete:min
ing'where police units ~hould be allocate~. On-l~ne ~RT.~ead~ngs 
of traffic characterist1cs were useful ma1nly in conf1rm1ng pre
dicted allocation needs. 

Due to the shortness of the test period, i.e., the four months 
during which the CHTIS was fully operational and was available for 
~~'by the local State P~lice posts~ it ~s more di~ficult to deter
mine its impact upon acc1dent and v~olat10n rates 1n the count~. 
Available data indicate possible reductions in rates for certa1n 
types of accidents, but not. for ac<?i~ents ~ak~n as, d ~hole, "during 
these months. HO\tlleVer, po11ce eff1d1ency ~n 1dent1fY1ng and stop-' 
ping speeding violators was, on the whole, greatly improved during 
the months of greatest CHTIS a~location activity. To th7 exte~t 
that speeding arrests and warn~ngs may help reduce traff1c acc~dent 
risk, the second evaluation objective was achieved to some ~egree: 
the risk information system implemented may have made some 1mpact 
upon overall levels of accident risk~ Further evaluation data of 
this sort must be obtained if definite risk-abatement assessments 
are to be made. 
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6.0 CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions 

The main conclusion of the project is that the Computerized 
Highway Traffic Information System implemented in Monroe County, 
Indiana, is ahighiy useful tool for law enforcement agencies in 
performing the primary functions ·of traffic risk management, i.e.: 

• Risk identification • 

• Risk analysis. 

o Resource allocation. 

In Gontra~it to many decision-making aids developed in the past for 
the pplice, the CHTIS Wp,s readily and enthusiastically accepted for 
operational use and quickly became a part of police daily routine. 
A major reason for the high~y favorable police response to the CHTIS 
as an operational tool, was that it provided the means to focus 
their attention on what they apparently perceive as their primary 
role in the Traffic Law System: Le., enforcement of the existing 
laws which they believe to be the most risk-related. The CHTIS 
provided the police, for the first time, with a direct indication 
of where and when enforcement actions were needed and a direct means 
of evaluating their own performance as a component of the Traffic 
Law System. It was not necessary for them to base their actions 
and self-evaluations on abstract, incomplete, and operationally im
practical concepts of the relationship between enforcement and acci
dents. Thus~ they were better able to practice what they pe~ceived 
to be meaningful la~'1 enforcement per ~. 

The CHTIS outputs found most useful to the police under actual 
operating conditions were the hard-copy reports showing the speed 
limit violations at the various sensor sites. Reports showing head
way conditions were used, too, but less frequently. The use of the 
headway data was related mostly to ~3peed limit enforcement: low 
values of headway were interpreted Ito be indicative of high-densit.y 
traffic conditions not. conducive to speed limit enforcement, and so 
forth. The cathode ray tube (CRT) displays were greatly in demand 
when first implemented, but were used less aft~r the hard~copy re
ports became available. 

Techniques and procedures were developed for disseminating de
tailed county-wide accident information to county law enfor-cement 
agencies. The information is presented in the form of an Accident 
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Data Handbook, since it was not provided to the user in the present 
project. It is believed, however, that accident data would not, 
in general, be as readily accepted as a law enforcemen~ t?ol as ~ 
would the CHTIS traffic flow data because of the more lndl~ect re
lationships that exist between enforcement actions and accldents. 

The investigation of the applicability of certain operations 
research techniques for analyzing and improving ~esources allo
cation schemes for traffic law enforcement agencles leads to the 
conclusion that optimal resource allocation procedur~s,cannot.be 
specified at present. The primary deterren~ to ?btalnlng optlmal 
solutions to the police traffic resource alloc~t7on problem ~as 
found to be a lack of suitable analytic or emplrlc~l expreSS10ns 
relating traffic accident risk to traffic flow varlables. Ho~ever, 
it is believed that decision-making models ,can be used to asslst 
traffic law enforcement managers in selectlng p:e~erred enforcement 
techniques and in assigning patrol units, speclf7cally, th~ tech
niques of dynamic programming and linear progra~m7ng, ,used ln c~n
junction with a CHTIS, appear particularly promlslng for determln
ing better proportional allocation schemes. 

6.2 Recommendations 

While the present project clearly demonstrates the operat~onal 
feasibility of a CHTIS as a traffic law enforcement tool, conslder
able work remains to be done to move the s¥ste~ to a full¥ ope:a
tional status for a broad spectrum of appll~atl0ns. Tw~ lmmedlate 
steps in this direction are recommen~ed. Flrst, there -:-s a need 
to continue operation of the system ln a real-world env7ronm~nt ,. 
over a multi-year period. Such an operation would pr?vlde, ln ef~ect, 
an advanced traffic resource allocation laboratory WhlCh would allow 
one to investigate such important .. factors as: 

~\ The precise manner of fun~tioning ?f the ~olice decision
making process in allocatlng trafflc serVlces. 

• Better information outputs for both police agencies and 
the public. 

• The effectiveness of the CHTIS and its subsystems in 
promoting overall Traffic Law System risk reduction objec
tives. 

A priority project of such a laboratory would be to deve~op, 
impiement, and test a de~iled, computerized resource al~ocatl0n 
model based on proportional allocation theory and emp~oYJ.ng the 
techniques of dynamic programming and linear programmlng. The model 
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would utilize information provided by the CHTIS traffic flow and 
accident sUbsystems and would establish, within the CHTIS, an 
operational analysis subsystem. 

The laboratory could also be used to develop a compendium of 
law enforcement action effects on traffic flow in the model juris
diction. The compendium would show how specific enforcement tactics 
would be expected to affect traffic flow spacially and temporally 
throughout the jurisdiction and would thus provide a basic input 
data to the resource allocation model. 

ConcUrrently with the operation of the model CHTIS, studies 
should be undertaken to develop a methodology for determining the 
most cost-effective CHTIS configuration in a given jurisdiction. 
The results of these stucU,es should be presented in manual form 
containing suitably detailed implementation guidelines for distri
bution ~o governor's highway safety representatives and should be 
made available, along with suitable technical data packages, to 
jurisdictions desiring to implement the system. 

During its nearly three years of operation, the CHTIS (formerly 
known as the computer sensor system) has generated traffic flow 
data involving more than 200 million motor vehicles under an ex
tremely wide variety of operating conditions. This unique data 
base offers almost endless possibilities for analysis ot the nature 
of traffic flow. Combined with accident data available from the 
Indiana Sta.te Police accident ta;es and data from IRPS IS multidis"':;' 
ciplinary and tri-Ievel crash studies, the data could be used to 
study in unprecedented detail relationships between traffic flow, 
accidents, and environmental factors. 

It is therefore recommended that an extensive program to an
alyze the CHTIS traffic flow data be initiated. First, the present 
CHTIS data tapes must be converted to a form suitable for such an
alysis. This would be followed by statistical studies of environ
mental effects on the traffic flow ana finally by analyses of inter
actions between the variables describing accidents, flow, and the 
envir?nme~t. The results of these studies would make a significant 
contrlbutlon to strengthening the weakest link in the chain connecting 
enforcement to traffic a~cident risk, i.e., the specific identifi
cation and definition of risk generating behavior. Satisfactory 
completion of this task, coupled with a detailed statement of the 
effects of enforcement on risk-generating behavior, will allow the 
definition of really meaningful resource allocation procedures. 

. , 
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APPENDIX A 

LETTER FROM INDIANA STATE POLICE 

OFFICERS To INSTITUTE FOR RESEARCH 
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STATE OF INDIANA 

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

INDiANA STATE POL.ICE 

Mx. Ralph K. Jon€s 
Associate Director 

IHoIANA STATE OFFICE BUILDING 

100 NORTH SENATE AVENUE 

INDIANAPOLIS, INDIANA 46204 
April 10, 1972 

Institute for Research in Public Safety 
400 S. S~venth St. 
Bloomington" Ird iana 47401 

Dear Mr. Jones: 

Now that your computer-sensor syste~ demonstration study is over, I 
believe it appropriate to offer a few comments on the system's use
fulness in traffic law enforcement. 

First, let me say outright that this is the best tool for conducting 
traffic operations that I have seen in 20 years of being a police 
officer. It allowed us to determine at a glance where the most dang-

, erous locations were and to take appropriate actions to bring those 
situations under control. Je found the level of detail prov3ded by 
your system and the timeliness of the datp to be particularly useful 
in this respect. In the past, we have had to rely pretty much on 
accident data summaries to help us determin,:? where and when we ought 
to be concentrating our traffic law enforcement activities. Unfort
unately, the accident data we receive lags the current date by several' 
months and is not broken down fine enough (that i~, by location and 
time) to be of much use in every day work. rlith the computer-Eensor 
system, we were able to determine almost immediately where hazardous 
condi tit'>ns were bui Iding up so that we could do something about them 
before they got out of hand. 

Also, as a result of working with your system"wQ have begun to do 
some experimenting on our o~n to apply some new law enforcement tact-
ics in our jurisdiction. Because of the limited resources we have 
available for traffic law enforcement, the concentrated patrol technique, 
applied selectively, has always appeared attractive to us. cu~ problem 
in applying this approach has been the precise identification of the 
places and times to 8ssign our troopers. The computer-sensor system 
has allo ..... ed us to overcome this problem, and, as a rest,11t, we B,re now 
implementing an extensive concentrated patrol program in our jurisdj,ction. 

A-I 

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



-2-

,Mr .. Ralph K. Jones 

Finally let me say that it has be~n a pleasure working with the IRPS 
team in this study. My only regret is that we no longer have access 
to the system now that.we have come to roly on it so heavily. r feel 
that we have only scratched the surface in applying this system and 
that the real benefits are yet to come. Nevertheless, from What I have 
seen, I would heartily recommend it for any It'w en:orcement ag~ncy in
terested in improving its traffic safetyoffort. Needless to say, our 
Post would welcome the op~ortunity to participate in any further app
lications of the system. 

jo 

Sincerely~ 

~4-r&~ 
Forrest V. Cooper, Lieutenant 
Co~mander, Bloomington District #33 

a.tt1'1.'~ ~U~A--<"':::".:' 
~mes Graves, First Sergeant 

Bloomington District #33 
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