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PREFACE

This document presents results of work supported by the Law Enforcement
Assistance Administration, U. 8§, Department of Justice, under the Omnibus Crime
Control and Sufe Streets Act of 1968, as amended. It was sponsored under an inter-
agency agreement with the National Aeronautics and Space Administration through
Contract NAS 7-100. Points of view or opinions stated in this document are those of
the authors and do not necessarily represent the official position of the U. 8. Department
of Justice,
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FOREWORD

This book has loen prepared and distributed to provide poblic safety planning
personnel with @ compaar souree of information on one of the most important aspects
of police command and control automation, namely computer-aided dispatch (CAD)
systems, A CAD system 1 valuable in itself for the improvemients it provides in the eritical
dispatehing funetion, and can be the nucleus for a completely automated police command
and control operation.

This volume is one of a serles prepared under the sponsorship of the Law Lnforce-
ment Assistance Administration (LEAA)Y to provide planning guidelines on the various
aspects of police command and control automation. The complete series consists of the
following documents:

Title Document Nuo,

Application of Mobile Digital Communications JPL SP43.6 Rev. |

in Law Enforcement
Application of Computer-Aided Dispatch I 504016

in Law Enforcement
Application ol Automatic Vehicle Location JPL 5040-17

in Law Enforcemient
Patrol Foree Allocation in Law Enforcement IPL, 5040-18
Advanced Command and Control Systems JPL 5040-19

in Law Enforcement

The series was prepared by the Jet Propulsion Laboratory of the California Institute
of Technology, using the results of studies sponsored by LEAA at JPL as well as at other
institutions, The docunents are being distributed s part of LEAA’s mission of giving
technical assistance to state and local law enforcement ngencies. They are addressed to
the local law enforcement planner who must face practical working problems in decid-
ing what degree and kind of automation best suits his department. Qur intention has been
to give hint the basic understanding he needs to muke such a decision, and procedures for
making the associated aualyses or having them made, The manuats are developed within
the framework of the overall command and control system so that potential benefits
of individual innovations can be evaluated in terms of improved system performaee.

The techuologies that are available to luw enforcement agencies today have the
promise of muking their operations more efficient as well as more effective, Our hope
is that this series of documents will provide a clear and concise picture of what that
promise bs and what is involved in making it a reality,

8. 8. Ashiton, Jr,
Systems Development Division
National Criminal Justice
Enformation and Statistics Service
Law Enforcement Assistance Administration
Linited States Department of Justice
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ABSTRACT

A set of planning guidelines for the application of computeraided dispatching
(CAD) to law enforcement is presented, Some €ssentiai churucteristics and applications
of CAD are outlined; the results of a survey of systems in the operational or planning
phases are summarized. Requirements analysis, system concept design, implementation
plunning, and performance and cost modeling are described and demonstrated with
numerous examples. Detailed descriptions of typical law enforcement CAD systems,
and a list of vendor sourges, ure given in appendixes,

This document is one of a series of five guideline manuals on muobile digital com-
munications, CAD, automatic vehicle location, patrol force atlocation, und multisgency
command and control systems for law enforcement applications,




1. INTRODUCTION

Encreasing the degree of automation of police command
and control operations has been a topic of growing interest
over the past five years. The Law Enforcement Assistance
Administration has a strong interest in the field and has
supported several departments in their implementation of
computer-aided dispatch (CAD) systems. Such systems are the
basic step in the automation of police command and control;
u few law enforcement agencies have impiemented CAD sys-
tems, more are planniig to do so, and nearly all are interested
in following developments in the field.

There are two major reasons for the growing interest in
CAD. The first is that departments want to improve the man-
agement of thelr resources in one or more of the following
whys!

¢ Decrease response time to eitizen calls Tor service,

® Increase productivity by enabling a patrol unit to
respond to tnore calls per shift, or

®  Mateh patrol sssignments better to hours und Joca-
tions of expected need,

8  Reduce dispatching errors,

e Reduce hand preparation of reports,

L Have instant access to activity statistics, and use
such statistics in fonmulating budgets and deploy-
ment strategies.

The second reason is that CAD provides a framework
for bringing together the many new tools for command, con-
trol, and communications that ure computerized or computer-
compatible, In addition to computers themselves, these
include:

Mobile and portable Jigital terminals,

] Dy namic channel assignment,

®  Automatic vehicle location systems,

] Remete data base inguiry,

e  Manugement reporting systems.

. 911 emergency telephone number service.

] Repional cooperative dispatch among  adjacent
Jurisdictions,

The interest in CAD systems reflects their potential tor

improving operations in the ways mentioned, but there are also
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potontial drawbacks that should be recognized when pluns are
heing made. One ohvious drawbach is that departments will
grow moere dependent an technology and on spocialists sueh
U8 computer system engineers, programmers, and data process.
ing matiugers; this Nimits the autonomy and in some ways the
flexibility of the department. The cost of Installing a CAI wys
tem and converting operations to it is still high, epeclally for
software, and will remain so until enough systems have heen
installed to permit some degree of stundardization, The sophis.
ticated hardware will need specialized maintenance over ity
lifetime, and the cost may be a burden, Finally, all sutomated
systems cun be expected to have fuilures and there must be o
buckup mode of operation for such times, The buckup mode
must be kept exercised and ready for use at any time,

The purpose of this document is to provide some back-
ground and guidelines that will ussist law enforcement agencies

in selecting and evaluating CAD systoms und in developing
operational plans for thels use. The next chapter ix a brief
roviow of the current status of Implementation of CAD sys-
tems around the country; sinee the situation s changing very
rapidly. the survey daoes not include ull agencies that are pisn.
ning for or are in the piocess of implementing CA1 systems.
Chapter 3 represents n summary description of what a CAD
system s and how It operates, as background for the rost of
the document. Chupter 4 outlines the process of plunning for a
CAL system, followed by plunning guidelines in Chapters §, 6,
and 7. Chupter 5 covers the analysis of requirements, while
Chapter 6 des¢ribes the hurdware und software components of
4 CAD system and gives an exumple of how o proposed system
cun be sized, It ulso discusses some principal trade-offs that are
avalluble to the CAI system planner. Chapter 7 gives some
guidelines for preparing an implementation plan, and finally
Chupter 8 discusses briefly the cost versus benefit analysis of a
CAD system,




2, STATUS OF COMPUTER-AIDED DISPATCH

In the eourse of preparing matorial for this munual, we
contacted several law enforcement agencien thut huve installed
CAD systems and discussed thelr experiences in designing and
implementing the systems s well nx the impact on thelr opera.
tions. Actunl experience with CAD is still very limited, since
with one exception the systems became operational in 1973
and are still In the shakedown stage. Some of the major churac.
teristics of these existing systems are summarized in Table 1,

An importunt observation about CAD svstems is thut the
trend to thelr use is just beginning; as of mid-1975, only ubout
10 percent of the 135 police departments in jurisdictions of
more than 100,000 populution hud ¢ CAD progrum, and as
noted ahove these were still new, As the table shows, there is a
range of capubilities in the existing systems, since they neces.
surlly reflect different requirements in the form of rate of
calls for service, size of patrol force deployed ut u given time,
and extent of other automated files that can interfuce with
CAD. The basic functions performed by the CAD systems ure
quite similur and, us the state of the urt matures, an increusing
degree of standardization should be anticipated,

The feasibility of computer-aided terminals for com.
plaint tuking and dispatching is well estublished. Most of the
recent installations have gone into operation without major
start-up problems or subsequent modifications, although
computer-aided dispatch systems have by no means reached
any degree of standardization. Several design trends can be
identified, however, All but the relatively smull agencies
employ two-stage configurations, one station for complaint
taking, and a second station for dispatching; Glendale and
Palm Beach County receive calls and dispatch from the same
stations. San Dlego and New York City further subdivide the
complaint-taking function into primary and secondary sty
tions, with longer calls and report-taking handed off to the
latter operators,

Most sgencies have dedicated computer processing units,
all of wiich are of the minicomputer class, although report
generation Is usually performed by the municipal duta process

ing agency. The two shared computer installations have not
experienced difficulties with this arrungemient, wlthough pri-
arity Iy given ta the CAD operation in order to deliver near
reul-tinme support,

The areu of greatest coneern s thut of display size and
format; many agencies have spent several months designing
and testing displays nnd supporting software prior to instatlu-
tion, or have expericnced costly redesigns if development test-
ing wus omitted. One “legson learned” to date is the value of
testing work station designs in near-operational environments
prior to hardware development; it is neary impossible 10
estublish good display formats from drawings alone, ot from
static mock-ups.

Eurly dispatch display formats were designed for single
CRT screens, usually with the top portion of the screen used
for incident-related information und the lower half for field
unit status, This approuch was (and is) adequate for relatively
small agencies, but has proved unworkable for large, heavily
louded ugencies, which have resorted to duad screen arrange-
ments, one for incident data and the second for field unit
status, This allows more information to be shown at one time,
reduces the “busy” activity of a single screen, and reduces
the number of manipulations required of the dispatcher.

Also noted in Tuable 1 Is the lack of experience with
address verification and prior history tites. Geofiles developed
by municipalities for other purposes, such as tax or utilities
functions, oftentimes are too cumbersome for dispatch pur-
poses and must be reworked for these applications. Updating
these files can be un expensive proposition. No agency has a
prior history file in operation at the present time.

In view of the catly stage of development of CAD sys-
ters, it will be extremely important over the next few years
for any planner considering the implementation of a new
system or the upgrading of an existing one to observe at frst
hand as many other systems as he can, and to learn us much as
possible from the experience of others.
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3. DESCRIPTION OF COMPUTER-AIDED DIBPATCH SYSTEMS

Computeraided dispateh i just what 15 Bame suggests:
u system that permits the notnal operations of handiing serv-
fee culls from the pubile to be nrsisted by muking use of the
spocial capabilities of the computer, These cupabllivies are,
for this application, those of performing simple, repetitive,
routine tusks tirelessly and without error, stotlng and retriey.
ing information ubnost tustantly, und crenting CRT displuys
from stored duta and keyboard inputs, The computer does not
rephice the uniquely buman capabilities required tor law en-
forcement command und conttol, und can only assist the
human operator,

The dispatching operution consists of a flow of com-
plaints or {ncidents, orlginating with public ¢alls to the cont-
plant bourd and moving on to the dispatcher (who usslgns
patro] units und coordinates uny required support), to the
patrol units (who investigate the incldents), and back 1o the
disputcher with information on status chunges of patrol units
and informetion on closed incidents, (Unusual situations such
us disusters or eivil disorders naturally full outside this simple
framework.) This dispatching operation is under the control of
onie or more supervisors (depending on the size of the depart-
ment}, und must be planned and managed wlong with all the
other functions and resortces of the department. A CAD sys-
tem supports all these elenments of the department, in the ways
Hsted in Tuble 2.

As shown in Figure 1, a typicul computer-aided dispatch
systemn Is comprised of a central processor, a data base system,
and keybourd-display terminals for vomplaint board operators,
dispatcher, und support personnel. The data buse system con-
tains several files, including:

& Inctdent records, o log for each incident from
inttial call to log off or final disposition,

®  Status of field units, u smnmary of the status,
assignments, and avallabllity of vehicles,

®  Geo- or address file, u tsting of all addresses (to
the block level) within the juilsdiction, including
the cotresponding beat number and reporting atea.

®  Personnel,alogof personnel status and assigninents.

®  Dangerous situation, a file of addresses of danger-
ous persons or pluces,

] Vehicle astd crini-. nformation, local fles of stolen
vehicles and wants and warrants, There may ulso
be access o remote files such as DMV NCIC, ete,

‘The flow of information through the system is as folow:
The complaint hoard opersios enters ifarmation recopvad
from o ¢itieen wireetly nte v dati files through the ey ol
wemingl und central provessor. Noo hund-wiitten or ey
punched data ure sequireds all informution ubout the com
plaint (nformant's mwme, wddiess, telephone  number, and
pature of complaint) is typed direedy into the file. through
the termingl, Onee the information has been entered into the
systen, the incident s passed 1o the disputeh terminal (calls
not requiting o dispateh can be referred to the praper burean
o ageney), When the incident is first entered into the com-
puter tiles several processes hepin to aperate concurrently:
the computer assigns a case ramb. e and time Ogs the incident,
verifies that e adoress dves in faet exis b i within the
ageney®s jurisdiction , deteanines e Bese nencber and avail-
able unlts assigned to tha heat, and o s any history at
thut location (ep. ¢ -« . wxident, omotred g cte) A
oneline staman 6! Wbe neident is then crought uy < u the
dispatet 75 Jrupay screen. A key element in the process i
the assenment of o priotity level to the ircident: normal'y.
the priority is ussigned by the complaint board operator m
accordance with agency procedures when the cal) s rece: ed.
The dispatcher then calls up the complete incident record on
the display screen so that a field unit uan be assighed and
necessary information rakayed to it by vowe or digital con-
munication finks, The dispatcher types in the 1D of the unit
dispatched, and the computer updates the unit status and
jticident files and logs the time, Activity logs and stutistical
reports ate prepared for each shuft, cuch day, each week, cach
month, and us required for internal management as well as for
teporting to state and federal agencies,

The department chiet and his watch commanders use
one set of reports for the deployment of personnel and mobile
units, bused on computer smnmaries of incidents by reporting
district, type of crime, and tine of day, as well as averages for
corresponding privr time periods by reporting district and type
of crime, The computer also prepares summaries of activities
of the persunnel and mobile units to indicate how each ofticer
and cach unit have spent their time: on assignment, on patrol,
In court, special assignment, on leave, ete, Some agencies pro-
vide terminals through which operations managers can aeeess
the duta base and retrieve statistics for near real-time applica.
tion of resources,

One fingd comment about field reports. Patrol otficers
report some information betore clearing for a new assignment,
This information is entered by the dispatcher prior to log off,
and is retained within the computer file until final disposition,
which could vccur maty tnonths after the incident took place,
The ficld officers may prepare disposition reports at shift




Table 2, Computer Funotions in CAD

Cammand and Contral Function What tha Computer Dass

Complaint board Risplays tha format of tha complaint record on tha oparator’s consols sarean.

At oparator enters the complaint data on the kayhoard, displays tha Input deta !n the appro-
priote apaces on the format (this tete the operacor chack on what he has entered).

Automatically enters cote numboer, date, tims, and baat number,
Checks input data for validity {duplicate case, invalld sddrasses, etc.).

Maintaing backlog status of dispatchers and auigns complaint to dispatchar handling that beat.

Dispatch console Displays 2l complaint records assigned to the position {or halas in memory those that ovar:
Hiow the scraan, allowing oparator 10 paga through the memory as desired),

Disptays status of all petrol units under dispatcher’s controf,

Msintains status records automatically as units are assigned, cases cleared, or stetus changes
comaes n from units.

Autometically enters case humbar, date, and time cass easigned to patrol unit.

Checks data for validity.

Accessas axternal filas to detarmine nearest cross strast, history of incidents, etc. at the addrass.
Accasses remote flias {warrants, DMV, NCIC, etc.) as raquired.

Storas all records of cates cleared,

Patrol units Updates status of patrol unita,

Accesses remote files {DMV, NCIC, atc.) directly upon request of officer, If equipped with
digital terminal, or operator,

Genaretes caso reports for routine cases from officer inputs.

Supervisor Allows supervisor to call up on his display any incidents in progress.
Provides dirsct, immediate access to complaint/incidant files.
Generates activity reports for sach shift,

Maintains activity log.

Manegument Meintalns complets records of all activities,

Gonerates statiatical reports as neaced, 10rting incidents by typs, ares, patrol unit, time of day,
date, or other classification.

termination to comply with lega) requirements. These would It summary, the kinds of improvement in the dispatch
constitute the only manually gencrated documents, One  ing operation that can be expected from implementation of a
agency uses o technique tn which the officer at shift termina-  CAD system are:

tion telephones in the information to a keybhoard operator

who enters the data into the computer files; the officer need Acenracy, CAD eliminates many errors due to repeated
not muke 4 written report, handling of cards, slips, time stamps, ete. and copying of in-
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CALL FOR SERVICE

COMPLAINT  BOARD

REFORT GEMERATION
& DATA COLLECTION

STATUS  MAINTENANCE

DISPATCHER

FIELD UNITS

COMPUTER
MOCESSON

DISPATCH FILES

= = = &

REMOTE DATA FILES INCIDENT UNIT ADDRESS Mo
{DMV, WANTS & RECORD STATUS FILE HISTORY

WANRANTS, NCIC)

Fig. 1. Computer-aldad

formation frotn one form to another, It uutomatically edits
human Inputs for such errors as invalid codes, improper case
number assignments or patrol unit designations, and in more
sophisticated systems can compare an input address with files
of valid addresses.

Operator Performance. CAD relieves the operator of
many tedious mechanical tasks, thus improving operator per-
formanice by allowing concentration on the essentials of
decision-muking and supporting field units,

Speed. A CAD system can carry out some tasks, such as
file updating or file look-up, much faster than is possible in
manual systems. The speed of the computer also makes
possible some tasks (such as checking for previous incldents
ut the address) that would not be possible in a manual system
hecause of the time required. CAD cannot, however, reduce
the time it takes an operator to listen to a verbal message ot
tatk to a caller or patrol unit, or to decide what should be

dispateh functional diagram

done next. Thus it should not be expected that a CAD system
will necessarily increase the number of calls per hour that can
be handled by a complaint board vperator or dispatcher.

Span of Control, Similatly, a CAD system does not
necessarlly enable a dispatcher to control more pattol units
even though it does provide a more efficient way of keeping
track of incidents, resources. and assignments. One dispatcher
for 30 to 50 patml units is still a heavy load during hours of
peak activity,

Paperwork Reduction. Since all the information about
an incident is entered into the computer files in real time, it is
available for generating reports that ure needed. These include
case reports, which for the most part can be produced by the
computer directly based upon information provided by the
officer. This saves considerable time of officers and clerks, and
even where a report must be prepared by an officer the com-
puter can prepare the routine portions of it, The same infor-




mation on incidents can he used in the preparation of shift
activity reports or management reports of various types
(special computer programs must he written to select and
organize tho information from the data base for oach type of
report,

Expansion of Capabilites, A CAD system can serve us
the nucleus for the addition of other capabilities making use of
ot building on the automated command and control equip-
ment and procedures, The computer, consoles, peripheral
equipment, and software that are needed for a CAD system
provide the basis for adding such other capabilities as:

L Automatic vehicle location,

®  Automatic generation and receipt of digital
messages,

e  Joint dispatching with fire and emergency medicat
services.

e  Joint dispatching of adjacent jurisdictions.

While all the above kinds of improvement are significant,
the planner must keep in mind the inherent drawbacks men-
tioned in Chapter 1 as well as some additional cautions:

Man/Machine Interaction. The optimum way for a dis-
patcher to interact with the computer has not yet beendster.
mined. Even in the best CAD system the dispatcher must page
through several fonnats to find the right one, and then enter
the information, while additional messages are artiving and
events occurring in rapid succession. The workload imposed

on a dispateher is still stressful, and we are not providing the
kinds of formats, displays, and data entry devices that would
reduce this stress appreciably,

File Construction, While one of the major advantages of
g CAD systom is the capability of accessing any number or
slze of files in fractions of a second, there is still the problem
of creating files in muchine-readable form. The conversion of
large mmounts of data into machine-readable form requires
human labor and is expensive; an example is the geographic
data file that is used to verify addresses and identify the
nearest cross streot, This file also requires labor to update,
although it does not change rapidly and the task may not be
very large. The essentiul files, such as those for maintaining
vehicle status, are relatively easy to assemble, Several of the
remote files that would be assessed by the CAD system,
such as auto registration data and the NCIC, are already in
machine-readable form and only the interface needs to be
provided.

System Effects, When a CAD system has been imple.
mented, it becomes the core of the command and control
system. For this reason, it is likely to affect many other
operations and procedures. Those effects extending beyond
the dispatching operation itself must he identified by the
planner and taken into account in the planning; otherwise
the CAD system may not fulfill the objectives he has set forit.
For example, if the agency adds an automatic vehicle locs-
tion system at some later date, computer software modifica-
tions will be required to perform the location-finding calcula-
tions, iv determine the unit closest to an incident, and to
drive digplays, all of which have an impact on the digital equip-
ments and work station layouts,




L ke A e

o TR el Y R R

T T gl TR el T MR AT e T

4, PLANNING FOR COMPUTER-AIDED DISPATCH

Tho planning process consists of the foliowing basic
steps:

(1) Anslysis of recuirements.

(2) Selection of systsm configuration and preparation
of specifications,

(3) Preparation of implementation plan with cost
estimates,

(4) Evaluation of expected benefits versus cost.

The following chapters suggest guidelines for these steps:
This chapter discusses the overall planning process.

It must be kept in mind that the process does not consist
of simply going through the steps defined above and ¢oming
out with a definitive plan. Planning should always be an itera-
tive process, which means that one goes through some or all
of the steps several times, For example, once the requirements
have been defined and the process of defining the system con-
Siguration has been started, it may turn out that the available
resources will not cover a system that meets the requirements.

If more resources cannot be found, the requirements will have

to be scaled down to fit the budget. Another possibility is that
no single off-the-shelf system will meet all the requirements;
one way of solving this problem is to modify the requirements
to fit what is available. The implementation plan is developed
in collaboration with user personnel, and during this step it
may be determined that the requirements already defined do
not meet the needs of the operational personnel. Require-
ments may have to be added or modified, and the process
must then be repeated on the basis of the new set of require-
ments. The cost benefit evaluation in turn may reveat that
certain features do not appear to justify their cost, or that
others that have not been included in the plan will actually
yield a large benefit for a relatively small additional cost. In
this case tov, the process is started again from the beginning.

The difficult step in the planning process is the first:
analysis of requirements, This step attempts to unswer the
question; “What is needed in the way of computer-aided dis-
patch functions?” Answers are likely to cover the range from
“We're doing all right with what we have” or “Our citizens
deserve the best service we can give them, and we can afford
to give it to them.”

1t was mentioned above that operational personnel will
necessarily be invoived in the preparation of an implementa.
tion plan; in fact, they should be involved from the very

beginning when requirements are being defined, They have
ane very useful view of what is needed, and in any case they
will accept a new system much more readily if they have had a
hand in the process of defining and selecting it. Where a large
department makes it feastble, it is often a good idea to try out
CAD on a small scale, say one complaint eperator console and
and one dispatcher console, to see whether the requirements as
defined are realistic and whether the new system is likely to be
accepted readily, This trial may well lead to a revision in the
definition of requirements.

Since it is never possible to have everything, every
requirements analysis must include some trade-offs of one
desirable feature ugainst some other desirable feature. It is
aiways desirable to save money, and trade.offs frequently
involve determining how much capability has to be sacrificad
to stay within available resources, Typical trade-offs for a CAD
system might be:

&  Number and size of computer files to be created
and maintained.

®  Simple incident log printouts versus computer-
processed statistical reports for management,

® A self-contained CAD system versus one with a
built-in capability for future expansion.

®  Single versus dual CRT displays (see Chapter 6),
®  Dedicated versus shared computer (see Chapter 6).

These are fairly straightforward trade-offs, mostly involy-
ing money, Other, more intangible trade-offs will come up
during the analysis of requitements; for example, how much
will 4 given CAD system decrease the stress on dispatchers,
ond how much is such a decrease worth? Chapter 8 contains
more discussion of the evaluation of benefits, which necessarily
enter into trade-off unalyses,

Even when all the steps in the planning process have been
repeated as many times as necessary to produce a final, realistic
plan, it should not be expected that the ptan will remain un.
changed up to and through the implementation of the system.
Such implementation normally takes considerable time, and
many things can happen during that time to require changes in
the plan. Conditions can change, resources can change, tech-
nology ¢an change, and even personnel can change to the
point where the plan will need to be revised. The planner thust
always be ready to revise his plan when circumstances makeit
advisable,




Chapter § provides some information and guidelines that
may ho helpful in analyzing requirements for a CAL system,
Chapter 6 describes some of the hardware currently avail-
able for CAD systems and describes some gysteni cancepts.
This s a rapidly changing technology, however, and the plan.
ner should not rely on the data presented here but contact the
various suppliers directly, A purtial lst of such suppliers is
inciuded in Appendix A.

Proparation of un implementation plan Is discussed in
Chapter 7, including procedures for estimating system costs.
Chapter 8 takes up the question of cost versus henotit analysis,
which is made difficult by the many intangibles on the henefit
side of the equation, Some of the factors that should he
wolghed are discussed, and examples are presented based on
CAD evaluation reports from the Huntington Beach and Quk
Park Police Departments,
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B. PLANNING GUIDELINES: ANALYSIS OF REQUIREMENTS

The general requirement to be met by a CAD system Is to
lmprove command and control, which is a real-time declsion-
making process where humans and machines monitor the stutus
of field units, receive information on incidents, and assign and
control units as incidents are worked. The results are both
reported immediately und stored for later recull,

Any command and control operation is a decision-making
process, but a police command and control center is an espes
cially busy one, Without taking part in such an operation during
a busy perlod, it is hard to appreciate the pace at which vital
decisions must be made, On a typical busy Friday or Saturday
night, a dispatcher is making decislons at the rate of two or
three a minute for periods up to an hour at a time. We want to
be sure that CAD does not make this very demanding job more
difficuit,

We have already pointed out that CAD does not neces-
sarilly enable a dispatcher to handle more units or more inci-
dents, The objective of u good command and control system
is to enable the dispatcher to make better decisions, and for
management to have a clear, concise, and up-to-date picture of
field activities. 1t does this by helping the dispatcher keep track
of current incidents and their status and of units available and
their status, and by providing fast access to other information
files. A CAD system does these things more efficiently and
faster than they could be done in a manual system,

The requirements analysis process for u given agency fol-
lows this sequence:

(1) Functional Requirements Analysis. Those func-
tions that can be performed by a CAD system are
defined, enabling the plinner to select a set of
them for preliminary assesstnent. Section 5.1 lists
these functions and summarizes the results of our
survey of several departments,

(2)  Work Station Load Analysis. In most cases the
development of a plan will require a brief survey
of the volume of calls for service and the patterns
of incidents, Section 5.2 discusses techniques for
making such surveys,

(3)  System Design Decisions. These are determina-
tions of major system parameters such as numbers
of positions and files, and how the people manning
the work stations are to interact with their equip-
ment, Section 5.3 presents our findings on how to
arrive at these decisions.
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6.1 Functional Requirements

The first step in determining functional requirements is
to identify those functions that the agency will want the ¢'AD
system to perform, Since these cover a range from hasic to
highly sophisticated, it may be advisable to list sepurately tle
functions that ure considered essentind and those that are
desirable but not essential, Then when the system specitica-
tions are being developed they can include the desirable features
to the extent that resources permit. It should be expected that
this initial step of defining functional requiremments will have to
be repeated at least once after a system has been defined and
cost estimates developed.

As a bagis for arriving at a reasonably complete list of
functions that might be performed by CAD systems, we made
a survey of 11 police departments which have CAD systems in
operation.

Table 3 lists the range of functional requirements for a
CAD system that we found in our survey. Table 4 summarizes
how these requirements are met for each of the departments
surveyed. Some of the significant points to be noted are:

. All of the cities except Palm Beach County and
Glendale have a two-stage command aod control
system in which a complaint board operator takes
the calls and a dispatcher assigns them to patrol
units. In those cases the dispatcher tukes the calls
directly,

&  Although it is not noted in the table, three of the
largest cities (New York, Seattle, and San Diego)
had two types of complaint board operators, pri-
mary and secondary. The secondary operator
handles the longer calls.

®  Allof the larger cities and some of the smaller ones
have automatic call distribution systems (ACDS)
that are placed ahead of the complaint board to
route the incoming calls evenly among the com-
plaint board operatots,

¢ ‘The job of the complaint board vperator is to record
the calter’s information in a standard format. In all
cities surveyed, this is done on the keyboard of a
terminal with o CRT display.

®  In most cases the complaint board operator is able
to route a call to another agency if it is not appro-




Takie 3. CAD System Funaticns

Funation

4,

e

Firceiva calls from public

Routns calls to fire, police
ambulance, other agancies
whon appropriate

Route police incidents to
dispatchar

Dispatch incident (asaign
patrol unit)

Provide support to petrol unit in

raat time

Monitor patrol unit flest
activities

Monitor status of all incidents

CAD Festurnn

Complaint board aperstor (CBO) handles and antera data Into computar.

Computar adds routing data - serial numbar, date, time, cparator 1D,

Computer checks date for validity.

Some systems have address varlfication and listing of nearast crom atraste by computer,

Some systemns have computar chack of prior histary fite for pravious Incldants or other
dsta on ths addrasm,

Large systems may have a backup CBO to handle long calls.

CBO has computerizad files of most-used telephone numbers to spaad referrals plus
other functions (ambulance, tow, queries to remote duta beses).

Computer raformats incidant dete from CBO into dispatcher incldent format, adds
routine date, and displays on scrasn of dispatcher tor the given area.

Computsr also prepares incident summary (one-lina) and adds 1o Incident summary file
displayed on dispatcher's screan to indicata his backlog.

CAD automaticsily maintains status file on all patrol unite under dispatchar's control
and displays file on dispstcher’s scrasn.

Somae systems Jee half scraen for status flle, others use separate scraen.

Soma systems have computer display list of patrol units nearest incident address {(from
last reported position} to help dispatcher select unit,

Address varification, nearest cross streets, and priar history checks as noted under

{1} above (some svstems),

Relay queries to remote data bases (wants and warrants, DMV, NCIC) end retay
responses to patrol unit,

In tome systems with mobile digital tarminals in vehicles, petrol units can send gqueries
and receive responses directly.

Whare qu#rios era relayed in control center, some eystems use separate information
operator for this function rather than dispatcher,

Some systams maintain temporary situation files (teaffic, strest repairst end display
automatically tha situations retated to the incident address.

Dispatcher is able to locate and assign additional support rapidly,

Dispatcher can contact other sgancies rapidly as nasded. Sama systama hendle such
contacts through watch commander, dispatch suparvisor, or information operstor,

CAD provides for rast-time monitoring of vehicle status, sssignmeants, time on call,
breaks, vehicle location.

Dispatch suparvizor or watch commandar ror ., onitor entire fleet by calling up displays
of el dispatchars.

CAD malntains continucusly updatad files of all Incidants - assigned, unassigned,
cases cleared.

Dispatch supsrvisor or watch cammander can monitor stetus of all incidents by celling
up Incidant tlisplays from dispatcher’s consoles or from computar filas.
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Tabie 3 (Continued}

Funation CAD Festurm

- B, Maintain communications with e Dispatah by volce or digital; systam maintsins radic snd telephone activity statistics.

patral units & Systems with mobite digital tarminaie can heve CAD sutomaticsily updats patrol unit

status files from digital messages by patrol units,

ST T TR TN wemeeos

9.  Legoff incldents # CAD system handies all routine opsrstions of log off: date end time of log off, ramovsl
of incident from sctive file, storage in closed incidant tile.

10. Emargency commend and o CAD system supports coordination of multipls unit and/or muttiple agency asignmants
control to ong evant. Resource availsbillty is always updated and visible 10 spervisory personnsl.

e 11.  Officer tisld reports & Some systems use the CAD facilities to simplify end-of-shift reports, For routine cases,
offiger telephones date and records clerk snters deta vie keybosrd using standsrdized
antrles.

12.  Routine statistical reports s Parlodic reports on crime statistics requirad by stste (eval (BCS) ara gansrated by the
CAD system from ths incident logs.

& Reports ara gensrsted off-line ot convaniant timas, using computer and line printer,

@& Statistics can be broken down by any desirad sst of categories (type of crime, ares,
time of day, day of wesk, stc.) and computer will sort by thess categoria.

B A s Tol Aocbl ol

13,  Departmant managsment raports s Depsrtment managemaent raparts are alio ganarated from CAD computer files {Iincidant
logs, activity logs for CBOs, dispatchers, patrol units, officers.

& Any desired braakdown can be used,

& Computer can be programmad to flsg deviations or trends sutomaticsily.

14. Speciol reports s Ona-time reports or studias of particular crime activity pattarns are sasily generated by
the computar from tha CAD system date svallable.

& Studies of officer or patrol unlit ectivity are easily produced from the CAD logs.

priate for the police department, Most call distribu-
tion systems do not disconnect the caller unless he
hangs up.

All departments dispatched by voice, but some also
have the capability for digital dispateh (a digital
message to the printer or screen in the mobile digital
termina in the patrol unit).

In alt cities except Dallas and Toronto, & complaint,
once entered by the complaint board operator, is
assigned o priority and routed to the dispatcher
handling the 2one where the incident is Jocated,

In all of the systems, dispatchers cleared cases ot
the basis of a voice report from the patrol unit.

prints out patrol unit activity, manpower alloga.
tions, and response time, The Dallas system prints
out activity reports by beat, car, mun, snd crime
type.

Dallus muintains a backup system of cards in slots
in parallel with the CRT display for monitoring the
status of calls for service and the status of units,

For splitscreen CRT displays, only one display
screen is provided for the dispatcher, with the area
divided between the displays of patrol units’ status
and incident status. Most agencies have dual dis-
plays at the dispatch station, one for unit status
and the other for incldent records.

In 1975 most of the departments surveyed were in

®  Dallas, Jacksonville, and Glendale have programmed  various stages of providing computerized tiles to support the
theit systems to produce munagement reports as  dispatcher. Huntington Beach has extensive files giving loca-

well as the standard logs, The Jacksonville system  tHons of registered gun owners, wants and warrents, and nar-
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eotics and sex offendors, This department is installing & goo-
graphic flle that verifies an address and Indicates the type of
premisos; the computer also references any mietoficho filex
cavering the locatlon (the microfiche files contain, for each
reporting district, 8 map of the streets and alleys, the locatlons
of sites having alarms, layouts of apartment house complexes
and banks, plus other pertinent informution).

Interagency contuctsare all handled, s the table indicates,
by voice (except for remote duta base queries), Although CAD
offers the possibility of computerized cooperative dispateh for
adjoining jurisdictions, only Hmited systems have heen worked
out us yet. The Palm Beuach County (and other counties in
Florida) Sheriffs CAD System dispatches for several of the
paunicipalities in the county; three municipalities in linols
(Oak Park, Forest Park, und River Forest) are now operating a
cooperative CAD system,

The table indicates that case log-off is usually done by
the dispatcher. In fact, the procedure varies considerably in its
details. In Huntington Beact and Glendale, the patrolman dic-
tates a highly formatted case clearance report to the dispatcher
and the dispatcher keys in the codes in the appropriate fields on
the form displayed on the screen, The Dallus procedute is quite
different; the patrol officer simply indicates to the dispatcher
the time a case is cleared and then at the end of the shift dic-
tates the details to a clerk, who has recalled the incident repott
to the screen and enters the required information. In all systems,
the computer generates a complete file of case clearance infor-
mation for use in statistical reports.

A range of different reports are generated by CAD systems
(in addition to activity logs). Some systems generate matiage-
ment reports on Incident rates by area, beat, time of day,ete.,
scheduling of patrolmen for duty, analyses of police operations
and equipment use, and uniform crime reports (UCR) data, The
Glendale and Dallas systems produce an extensive set of reports
for use by law enforcement managers, including uctivities by
shift, day, beat, patrolman, vehicle, type of ctime, and other
variables. Jacksonville produces extensive reports for manpower
scheduling and resource allocation,

In no case is u CAD system used for large-scale etnergen-
cles. The practice is to assign one or more dispatchers and
frequencies to un emergency console, and the assigned units
are managed by two-way volee communications,

5.2 Work Station Load Analysis

The second part of the requirements analysis process is a
quantitative measurement of the operations taking place at a
typical dispatcher console. This will be useful in selecting u par-
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ticular system an the hasis of how well it will help the dispatcher
handle the expected load,

In general, conversion to a CAD system muy not reduce
the number of dispatehers needed at any one timo. We noted
carlier that a large smount of a dispatcher’s time is occupled in
talking and listening, neither of which is acceleruted by a CAD
system in itself, although in combination with mobile digital
terminals a CAI? system can reduge the average voice message
length,

The basls for a work load analysis is a tabulation of
message rutes and message lengths; together these constitute the
load on the dispatcher. We were unable to obtain good numer-
ical data in the course of our survey, and decided that it would
be necessary to make some detafled observations and analysis
of a real CAD system in operation. The Huntington Beach and
San Dicgo departments kindly allowed us to make the observa-
tions we needed. The procedure was slightly different in the
two cases:

o Huntington Beach, We selected certain perivds of
high and moderate activity and obtained voice
tapes of dispatchers plus the corresponding case
logs. From the tapes we timed voice messages with
stop watches and elapsed time clocks and estab-
lished correlations between cuses, cars on patrol,
message rates, and operator utilization, i.e., “busy
time",

®  San Diego. Here we made videotapes of the dis-
patcher's incident display and recorded the voice

channel. This enabled us to analyze the relation.

ships between the keyboard and screen operations,
and the voice messages.

The dispatcher’s time is devoted to talking, listening,
manipulating the display screen, and reading data; the first
three of these functions can be measured, and give a reasonable
indication of dispatcher workloads, assuming that adequate
allowance is made for reading and assessing data, making deci-
sions, and resting. The work load it affected primarily by the
number of field units deployed, by the number of calls for
setvice In progress, i.e., dispatches, and by special dutics such
as relaying requests for inquiries to crime information files, and
arranging for ambulance and tow truck service. In San Diego
cuch dispatcher handles 30 to 50 field units, and makes all
dispatches by voice on assigned radio channel. Each dispatches
cases, fotes status changes, and logs off cases through the key-
board terminal. The console has two CRT displays, onc fixed
formnat for status of vehicles, and the other a variable format for
working incidents. The keyboard has a standard alphanumeric
keyboard with 19 special function keys. All information
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Inguiries for wants, warrants, and stelen vehiele and proporty
checks ure hundled hy a specinl aperutor over u tactical ¢hane
nel w0 that the dispateher i not burdened with this duty.

Pigure 2 and Table 8 summarize the work toad analysis,
During the busy perlod In San Diego an uverage of 20 dispatehon
were in progress, and during one 10:sninute perlod reached a
maximum of 25 caxes I progress, Thirty calls were dispatehed
including three priority-1 cully, und 31 logged off. The cuse
load history is shown in Figute 3,

The dispateher was buny 005 percent of the time, tulking,
tstening, and munipuluting the termiinal; of that 9.8 percent was
devoted to terminal munipulutions. Busy time during the hour
varfed from 53 percent to o maximum of 74 percent; on the
uverage, 12 voice und terminal trunsactions per minute were
processedd (4 maxbmum of 18 trunsuctions per minute was
noted). The uverage volce messige was 3.4 seconds in duration,
and the avernge terminal transucidon, 7 seconds. Forty-seven
tield units were deployed during the hour, The dispatcher per-
formed 4 total of 799 operations during the hour!

Average trunsuction times wete noted to be:

(Seconds)
Assign unit to incident 3
Clear incident 2
Review incident 2
Add new data to incident record 7
Send message to another console 10

In general, the station appeared to be approaching
suturation under the ohserved loading conditions, with instances
of mobile-to-base volce message interference noted, atthough

good radio diseipline was muintained, A heavier waork Joad
could have been ueenmmnduted for u short peniod af time, hut
abviously would huve heen very stresstul 10 the dispateher if
sustained for long perdods. Prioritization of ealls wis noted to
he & vory otfective means for leveling the work loads, tor bath
the dispateher and field units,

Forthe 1-hour petiod of “normal" activity, with 37 field
units deployed, an average of 11 calls Fot service were in prog.
ress with @ maximum of 13, Dispatcher utilization ranged from
17 to 41 percent, for an averuge of 30 percent, of which 10 per
cent was devotad to tenmingl monipulations. On the average
six  transuctions per minute (vodee and  Keyboard) were
provessed,

Duta points for the Huntington Beach Police Department,
which has @ generally similar type of computer-sided dispateh
system, ure shown tor comparison. in ull cases, the amount of
time spent in manipulating the display tenninals varies from
§ to 10 percent, Le., volve transictions are the primary work
load determinants, The Huntington Beach Polive Departiment
tends to have a somewhat higher work load average per dispatch
thun does San Diego, even though Huntington Beach employs
miobile digital printers and status indicators; this would indicate
that “‘digital” dispatching may not displuce volee dispatehing
{and voice radio channel loading) to the extent anticipated by
some plunniers, although more operational experience is needed
betore conclusions ¢an be drawn, The work load does not drop
to zero as the case load approaches zero sinee, s one might
expect, the dispatcher spends considerable time making admin-
istrative support calls during relatively slack periods.*

*We wish to extend our sincere appreciation to Captain Ken Fortier

and statt of the San Diege Police Department, and to Captain
M. €. Burkenfield and Sergeant Robert Fiekle of the Huntington
Beach Police Depattment for their awlstance and coopetation in
obtaining these measurements,
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Tabla 6. Qlspataher Work Laad Rummary Data
Transaations
Averags Per Minute
Cars Par Camnt in Vaice Channal = —— Bispatohar
Onte, Day Time Dimpstoher Progrem® WUtilizntion, % Ave, Man. Busy Time, %
HUNTINGTON HEACH POLICE DEPARTMENT
317116, Frl, 22002300 22 7 a0 n 18 40
371178, Brl. 2300-0000 22 ? i 10.8 18 37
2/B176, Sat. 21002200 20 2 % 7.8 18 20
SAN DIEGO POLICE DEPARTMENT
4/10/78, Thure. | 1626-1728 a7 1t 20 -] 19 0
6/8/78, Frl. 2200-2320 47 26 Bg 12 18 6.6

*Maximum In progress during any 10-minute interve! of tha hour.
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Fig. 3. Messuramant of dispatcher caie load:
San Diego PD, May 9, 1878
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Additional studies of key commund und conteol Tunetions
(particulurly dispatel statdons) should be performed in onler
b provide wberter undeistunding of the impuet of technelogical
nnovations an thess operationg, Stresstul environments should
In no wiy be aggravateds personnel who Jiek poid 1yping skills,
such ns fiekd offleers temporanily assigned 1o dispateh duties,
may tind it diffieult o perform Inow “type or perish®
environment,

‘The two departiments observed und reported here are
representitive and provide somie basis for estimuting work louds
st dispateher consoies, The planier should consider muking
siilar mensurements during 4 typleal busy period, which is
the load that determines the majos requirenents of u system,
The duta given above suggests that o console shiould be provided
for each dispatcher work station in 4 manual system; some
suggestions and recommendations regarding the desirable fea-
tures of sueh o ¢onsole will be found i Chapter 6,

The procedure for muking work lowd weasurements it o
system without CAD ix essentiully the same as described above.
That s, a typical busy period, or severul such periods, should
be untalyzed, This is most cusily done by replaying a tupe record.
ing of the traftic to and from a given dispatcher, ubd using a
stopwatch to determite message Jengths, items that should be
vovered in the analysis include:

®  Number of Incoining messages and length of cuch,
8 Number of outgoing messages and length of each.

®  Cuse number associvted with each incoming and
outgoing message (where messuges are related to
specific cases),

®  Type of message (status change, assipgnment of
patrol unit, data Hle qguery, monltoring, and
support).

¢ Number of cuses inlttated during thie observation
petiod.

®  Number of cases closed during the observation
perlod,

From such a set of observations, It is possible to
determine some of the parsneters of interest for a CAD systen
(as well as for general manugement purposes):

[ Length of messages by type (status change, assign-
nient to incident, requests from patrol unit, ete.).

o Rate of messages (incoming plus outgoing). This
is done by dividing the observation perlod into

sl sepments of 5 or FO minutes and counting
the messuges b cach such segment,

Peceent utilization of disputcher's time. For u non
CAL system, this will be the total o all messuge
thines plus some allowanee that will have to he
determined by obseivation Tor thwe spent in
writlng, husdling slips or forms, ete,, without
stinultancous tutking or Hatening,

& Averape iumiber of messuges per cuse,

e Number of incldents being handled ut one time for
euch 5 or 10 minute sepment (this gives the peuk
load within the hour),

] Average und maximwn length of time from start
of an ineddent o the time it is elosed (by incident
privtity),

¢ Number of patrol units ussigned 1o the déspateher,

A review of the duta provided by such an analysis will be
useful in evaluating the features offered by ditferent CAD sys-
tems and in designing the system itself, Such information,
especially that retuted to message type, is helpful in the selec-
tion of keyboard functions und formats for sereen displays.
The data on dispateher utilization and number of simultancous
ineldents being handled are the principal medsures of work toad,
although the number of patro! units assigned to the dispatcher
influetices the work load. As noted eatlier, a CAD system does
not necessarily reduce the work toad us measured in these terms,
but should make a given load less stressful for the dispatcher
to hundle,

5.3 System Design Dacisions

Once a depurtinent has begun considering adoption of 4
CAD system and has carried out the first two steps ot defining
functional requirements and analyzing the work load, the nest
step Is to make some of the essential decisions about what the
system will louk like und how it will operate. The purpose ol
this section is to review each clement of @ CAD svstem and
vutline some of the considerations that should influence such
decislons, Wherever possible, specific data on the system
clenient is presented,

6.3.1  Trunk Line Regquirements

A police command and control center, ntanual or with
CAD, will in most cases have a complaint board operator
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(CHEY, altheugh certaln departments combine this position
with that of dispsteher (Glendale und Palia Beach County {n
our survey). In cither vase, the function of taking calls for
sepvice fram the public must be performed, IV o new CAD
system is fo be fmplemer b iU may be a good ldea to
reexamine the CBO position to determine how well it is per-
forming its function amd whether any modifications should he
made at the time the new equipment is Installed.

This section will discuss methods of determining the
required number of trunk lines to service the CBO position,
and the nunibers of primary and secondury operators required
to alntain a given level of service,

A mujor system design decision is that of whether or
ot to have a secondary operator position. Figure 4 shows the
typical Now of calls through a compiaint buard system having
4 secondary operator position, although the first part of the
flow is the same in cither case. Calls from the public are auto-
matically connected to an wvailable trunk line as long as they
are not all oceupied (in this case the caller receives a busy sig-
nal). The incoming calls sl go to the automatie call distributor
systein, which attempts to find an available primary operator,
If none is available, the cull is placed in o queve until o primary
operator s free to receive the call.

Those systemss having secondary uperators use them to
handle the longer calls, generally those a minute or longer in
duration. ‘The priminy operator receives all calls first, and
decides which should be transterred to the secondary operator
{or to some other city department). In all cases the incoming
catl continues to occupy a trunk line until the catler hangs wp,
even when the call is transferred to the secondary operater or
another department,

TAUNK LINES

CALL - CALL
E:uauc > 71 DISTHMSUTOR

_—— i

‘Fhe procedure tor determining the number of trunk lines
and operitors needed Ix us follows:

(O The planner speeifies the performam,ce level desired,
in terms of what pereentage of calls ure allowed 1o
recedve a busy slgnal, and what mean waiting time
iy awceptuble,

(2)  The planner measures (or estimates) the peak call
rite to be handled,

(1) The design curves shown in this section are used to
derive the required numbers of trunk lines and
aperators.

Typical performanee specifivations are in the foliowing
form:

(1) No more thun § calls out of cach 1000 shall receive

4!
—

u busy signal,

(2) The average waiting time for a call placed in the
primaty operator queue shall not exceed 2.5 sec-
onds,

(3) Theaverage waiting time for the secondary operator
shall not exceed 20 seconds,

The numbers entered in the “blanks™ above ure typical;
the planner should establish these for his own system on the
busls of his own measurenients of peak loads, and his estinates
of how frequently a given call rate might be exceeded.

PRIMARY
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PRIMARY
CTONSOLE
o SLCONDARY
e CONSOLE
PRIMARY R
CONSOLE
T SECONDARY
e e CTONYHE

PRIMARY
CORNSOLE

FRIMARY
CONSOLE

Fig. 4. Complaint board oparator call flow
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As purt of his measurement of eall rate, the planner should
have eoltevted data on call durations, 1le ix then in w position
to determine penk lowding on the trunk lines as follows:

Peak call tate (culls/hour) X cull
duration (s¢¢)

Trut ik Lo =
unk work load I

As an example, suppose that on o busy Friday niglhtt u
police departmient is recelving 200 calls per hour and the calls
are serviced In 150 seconds on the yverage, Service time includes
the total time the call was in the system, including uny time
spent in yueue wuiting for cither the primary or secondury
operator (plus the time spent talking with either operator or
with another city department). in this case:

200 X 150
Trunk work load === = §,33 load units
3000

Now the curves of Figure § can be used to determine the
nutber of trunk lines needed to handle this load with the per-
formance already specified. The value of C (the number on each
curve) Is the number of trunk lines.

Referring now to Figure §, we note that vur requirement
for not thote than 5 calls per thousand receiving a busy signal
transiates to 0.5 percent, which is the lowest horizontal lne.
Following along this line to the value of 8.33, we take the
nearest value of C to the right, which is 17, This is the number
of trunk lines needed to meet our specifications .nder our
peak loud conditions,

It is of interest to note the effect of changing some of
the parameters. For exumple, If the percentage of calls receiving
busy signals were increased from 0.5 to 5 petcent, the number
of trumk lines needed to meet the same demund becomes 13,
And if the average call duration becomes 120 seconds rather
that 150 seconds, the number of knes requited to handle the

C = NUMBER OF TRUNK LIMES

NiEzz22===
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UNITS OF WORK LOAD

Fig. 5. Trunkline design
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message flow to the vriginal 0.5 percent husy signal speetfica
tion hecomes 14 once more, With both changes (5 percent
busy signals, 120-second calls), the number of teunk lines
required becomes only 11,

6.3.2 Primory Complaint Board Operator Positions

The procedure for determining the number of pritary
complaint board operators needed s shnilar, but i this cuse
the performance parameter is the average wuiting time before
the caller is connected to a primary operator (i.¢., the average
length of time a call remains in the ACDS queue before the
ACDS can find an avallable primary operator). This delay will
naturally be shorter if there ure more operators, but more
operator time would be spent waiting for calls.

For out purposes, delay units are obtained by dividing
the average waiting time by the average measured service time
(time the operator takes to handle the call, not including wait-
ing tine):

Del mean waiting time in seconds
oH = T T
clay = Sean operator service time In seconds

The operator work load is then calculated as:

peak call rate (calls per hour)
X mean setvice thne in
seconds
3600

Operator work load =

Returni:ig to our previous example, we have calls arriving
at the rate of 700 per hour and the average service time per call
is 100 seconds. We have specified that the average waiting time
shall be no more than 2.5 seconds, so that cur number of delay
units is:

Delay unit = 2.5/100 = 0.025
The operator work load, caleulated as shown, becomes:
Work load = 200 X 100/3600 = 5,56 load units

Now we turn to Figure 6 to find the number of primary
operators required to handle this load with no more than the
specified average walt, The 0.025-delay-unit line tuns hotjzon-
tally near the bottom of the figure. [t intersects the vertical
5 §6-load-unit line at the point shown, and we take the nearest
eurve to the tight as before, This is the curve for 10 primary
operators, which is the number needed.

Once again, it is interesting to note the eftect of changing
the parameters. If the specitication for average waiting time is

.




chuiged from 2.5 seconds ta 5 seconds, for example, the delay
undt value hecomes:

S/100 = (LO5 unit

and the intersection of this value with the smie work load Falls
between 1he curves for 8 and 9 aperators, making the reqidred
number 9, And if the average operatar service time drops from
10 secomds to 0f) seconds, the work lowd becomes:

200 X 60/3600 = 3.33 units

and only 7 operators are needed to maintain the 2.5 second
uverage waiting time,

5.3.3 Secondary Complaint Board Ogperator Positions

Not all departments use a secondary compliint board
operator to handle the longer calls, but some have found it a
good way to improve service to the public and reduce the work
fowl on the primary operators, In caleulating the number of
secondary operators needed, we note first that all calls going to
a secondary operator must first go through a primary operator,
I all secondary operators arc busy, there is u waiting time
that must be added to the waiting time required for the caller
to reach the primary operator. The waiting time for the second-
ary operator will naturally depend on the nwmber of secondary
opetators,

0,6

NUMBER OF OPERATCRS

0,5} -

0,4]-

0,4} -

UNITS CF DELAY

0.2

0.1 SECONDARY

We enlendate the number of secondiry operiators needed
i the sume way s for the primary opetatars, eulenliting the
delay anel the work Jowd and Vinding their intersection point
on Figure O,

Flrst, however, we need to define whi kinds of calls are
10 be handled by the secondary operator. We will define “long™
alls as those that require more than 60 seconds 1o service and
which do not require dispateh. All other calls (namwely those
that elther require dispateh or take less than 60 seconds) are
detined as “short™ calls,

In our sample specitication, we indicated a maxnmuom
average waiting time for a secondary operator as 20 seconds.
For our example of a department with culls arriving at the rate
of 200 per hour, let us assume that S percent, vr 10 calls per
hout, are *long™ calls that are to be transferred to the second-
ary opetator. We will assume further that the meun service time
of the secondary operator is § minutes (300 seconds)., Now our
delay caleulation is:

Deluay = 20/300 = 0.066 unit
and our wotk loud caleulation is:

Work load = 10 X 300/3600 = 0.83 unit

On Figure 6, we find the intersection of these twa values in the
area between the curves for 2 and 3 operators, measning that we

PREMARY
[ (e1d

UNETS OF WORK LOAD

Fig. 8. Complaint board operator position design




will need 3 secondary operators to handle this Jond without
letting the average waiting time exceed 20 seconds. Because the
cugve for 2 operators is so steep, increasing the allowable wait-
fng time does not change the result dramaticully; even for a
walting time of 60 seconds, 3 operators arc still needed. Simi-
larly, reducing the percentage of “long”™ calls to, say 3 percent,
does not reduce the requirement for 3 secondary operators.
Redueing the average length of a “long” call to 2.5 minutes,
howevet, makes 2 secondary operators adequate for nearly any
specitication of average waiting time.

6.3.4 Decition on Use of Secondary Complaint
Board Operators

The determination of whether secondary operators
should be included in the command and control system can be
made whether or not a CAD systetn Is to be installed. Since all
positions, primaty and secondary, must be cquipped with
CRT/keyboard consoles in a CAD system, the additional cost
of procuring and installing the additional consoles may be &
special consideration for CAD systems.

In order to make a quantitative comparison of 4 system
with and without secondary operators, the following parameters
must be measured or estimated:

(1) Average arrival rate of “short” calls.
{2) Average arrival rate of “long” calls,
(3)  Average service time of “short” calls,
(4)  Average service time of “long” calls,

The maximum average waiting times must also be
specified for both types of calls, as in the previous calculations,
In the l-operator case, only one average waiting time can be
specified, since in this case there is no distinction between
*“Jong™ and “short” calls,

The comparison is made by calculating the loads on the
two types of operators In the 2-operator case, and on the one
type of operator in the 1-operator case. The curves of Figure 6
are used once more to determine the numbers of operators
needed in both cases,

We can usc the same figures for message rates and types
as in the previous examples:

Call rate 200 per hour
Percent “long” calls )
Service times
“Short™ calls 100 seconds
“Long” calls 300 seconds

Ior the l-operator case we need an average service tiine
for all calls, which is 9§ percent at 100 seconds plus § percent
at 300 seconds, or 110 seconds, Now we compute the work
loads:

200 X 100
3000

Work load on primary operator = = 5.56 units

0 X 300 _
3600

Work load on secondary operator = 0.83 unit

200 X 110
Work load on single operator = =————== = |1 units
3600

The delay units will be the same as previously for the
primary and secondary operators (0.025 for the primary
operator and 0,066 for the secondary operator), assuming the
same specifications of 2.5 and 20 seconds for maximum aver-
age waiting time. For the single operator the 2.5 second speci-
fication is the same, and the delay unit value is 0.023, Now
from Figure 6 we find the following requirements for the two
cases:

Operators 2-Operator System 1-Operator System
Primary 10 1
Secondary 3 --

TOTAL K] 5T

This means that two additional operator positions are
needed, but the number of primary operators is reduced by one,
Whether this trade-off favors the 2-operator system or not will
depend on the costs involved for the two types of operators and
on the anticipated improved service with secondary operators
in the system,

6.3.6 Dispatcher Position
Functions

The dispatcher is at the core of the police command and
control operation, responsible for coordinating the patrol forces
to meet the rapidly changing demands for police service. This
coordination primarily takes the form of receiving and trans
mitting messages that fall into tive basic categories:

Messages involving initial assignments of cases,
Messages supporting cases in progress,
Messages supporting units on patrol.

Messages involving case dispositions,
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®  Mossagos reluying queries 1o remote data banks and
the answers to these queries,

The fiest category of messages covers the activities of the
dispatcher when o case first arrives at the dispatching position:
finding an available patrol unit, giving that unit the dddress und
details of the case, assigning the unit to the case, and cutering
this duta into the computer through the console keybourd.

The second category, supporting cuses in progress,
includes messages from assigned patrol units such us status
changes, requests for verification of address o location of
informant, request for backup unit, or additional case inforina-
tion to be entered into the computer file,

The third category, support of units on patrol, includes
status messages, handling requests to talk to other patrol units,
clearing requests for meals, and general administrative func-
tions not retated to specific incidents.

Those messages related to case disposition include the
cuse clearance messages from patrol units, any comments on
the case, and status changes for units involved in the case.

The last category of messages has to do with requests from
patrol units, both on patrol and on assignment, for informa-
tion from remote files; most such queries are for license plate
checks or wants and warrants checks,

The data we obtained during our observations of the
San Diego Police Department were analyzed with respect to
these categorics, For busy hours, the distribution was as
follows:

Percent of Total

Initial assignment 26
In-progress cuse support 44
Patrol support 15
Case dispositions 15

In addition to these messages, queries to data bases were added
in proportion to the number of patrol units deployed, an
average of 1 query per 2 hours per patrol unit,

'The data on dispatcher activity colleeted from the
Huntington Beach and San Diego uobservations, presented
graphically in Figure 2, was given in slightly different form and
with some additional ineasures in Table 5. This data, plus the
above message classitication, served as the basis for our sirula-
tion of a dispatcher work station. Before we describe the sitmula-
tion and its results, however, some general comments are in
otder on our observations of dispatcher activity.

Tuble § indicates that the Hungtinton Beach dispatchers
were busier ona per car of per ¢ase basis than the Sun Diego dis-
patehers; this results in part from the faet that they handle data
base queries, In the busiest hour for both departments the
Huntington  Beaeh  dispatcher was handling 22 cars and
11 cases while the Sun Diego dispatcher was hundling 47 cars
and 25 cases, The consequence can be seen in the “'busy time”
column, where the San Diego dispateher was busy alimost
67 percent of the titne while the Huntington Beach dispatcher
wias busy only 40 percent of the time,

We were able to observe that when the dispatcher
“busy time” reaches a value of around 60 percent, the stress on
the dispatcher becomes severe and the result is that the dis-
patcher begins to defer action on calls that are perceived to be
of lower priority (whether from patrol units or from the com-
plaint board) und to shorten messages, Field units are also
observed to reduce their demands on the dispatcher during
peak load periods. Nevertheless, the dispatcher is faced with
simultancous detnands that cannot all be met, and must decide
among conflicting demands. This can place the dispatcher under
great stress. We feel that 65 percent “busy tine™ reaches or
exceeds the peak limit that should be allowed for the design of
a system. Sufficient stations should be installed to keep “busy
time” to approximately 30 to 50 percent dutring peak periods
such us Friday evenings.

Simulation

On the basis of cur observations at Huntington Beach
and Sun Diego, and using the statistical data we collected at
those departments, we were able to construct a computer
simulation of a dispatcher work station, The purpose of the
simulation was to permit us to determine the effect on dispatch
output parameters of varying the work load, The parameters
handled by the simulator are:

Output Parmineters

lnnut Parameters

Operational procedures

Dispatcher busy time in

Message types percent

Communication channel

Disteibution of message TR
utilization in percent

types
Waiting thme tor dis-
patcher

Call arrival rates and
time distribution
Waiting time tor com-
mutication channel

Service times and
distribution of service
times

Number of cars pet
dispuatcher




The wvariations In operational procedure that were
considered were:

e  Querics ta remote data banks hundled by dispatcher
or by separate information operator,

e  Complaint bourd operator and dispatcher positions
are combined or separated; dispatcher tukes calls
from public and performs dispatcher functions as
well, or calls first go through complaint board
operator,

The three varlations of these procedures that we selected
for simulation were:

System A Separate CBO and dispatcher; dispatcher
does not handle queries to remote data
banks.

System B Separate CBO and dispatcher; dispatcher
handles queties to remote data banks,

System C Dicpatcher takes calls from public, but
does not handle queries to remote data
bases,

The load on the system was in the form of varying case
arrival rates, Since our analysis of message types showed that
only 15 percent of messages are not case-related, this seemed
the most effective way of loading the system. We used the
distributions of case durations that we had observed.

Figure 7 shows the effects on dispatcher busy time and
on channel utilization of varying the case arrival rate from low
to high demand, for the three systems analyzed, Both the dis-
patcher busy time in percent and the channel utilization rate
in percent are shown.

We have already noted that a 50 percent busy time is all
that should be expected of a dispatcher (recognizing that there
will always be short-duration peaks well above this value) even
during a peak load period. The shaded line across the chart at
this point serves to fdentify the points at which the load curves
cross this limit, Likewise, a 30 percent channel utilization rate
is about the maximum that should be allowed because above
this value waiting times for a channel become too high (as will
be shown in the next figure), A shaded Hine across the graph at
this value again helps to identify the points where the different
load curves exceed this value,

The major points to be noted from this figure are:

®  The load curves cross the twoe limits at apptox-
imately the same points (cases per hour):
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Fig. 7. Dispatcher and channel utilization vs systam load

Busy Time Limit  Channel Limit

System A 26 23
System B 8 B
System C I

®  The slight differences are toward the channel limit;
that is, this limit is reached before the busy time
limit is reached.

® System A (dispatcher handles no citizen calls ot
queries) can tolerate a wuch larger load before
exceeding design litnits,

o  System B (dispatcher handles data buse queries)
leads to more rapid rise in load as case arrival rate
increases than either of the other systems.

®  Therelationship is linear in both cases; the increase
in busy time or channel wtilization is proportional
to the Increase in case arrival rate,

Figure 8 shows the results of the simulation in terms of
how waiting time varies as the case atrival rate increases. The
most obvious difference from the previous figure is that the
relationship is no longer lincar; i all cases the waiting time
beginis to tise more rapidly as the load increases. This is most
dramatic in the case of System C; at about 8 cases per hour the
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waiting time begins to fise so rapidly that this is obviously the
limiting rate for this system (note that it is lower than limit
imposed by a SO percent dispatcher busy time limit from
Figure 7).

System B also shows the start of a very rupid rise at
about 11 cases per hour, This is the point at which the curve
for System B crosses the 10-second waiting time line; 10 sec-
onds is the muximum average waiting time specified for the
proposed nationwide Y11 emergency network, and is about the
maximum that a patrolman should be expected to wait to
reach a dispatcher.

System A reaches a much higher load rate before the
10-second line is crossed, but the rate is again somewhat lower
than the point where the dispatcher busy time limit is reached
(ubout 21 cases per hourk,

System C is above the 10-second fine even for low oad
rutes hecause the dispateher is taking calls from the public and
these tend to be much longer than communications with patrol
units. Nevertheless, the rise in waiting time is steep when the
case arrival rate reaches the critical point, about 8 cases per
hour,

From the point of view of the systewm planner, the
important result of this simulation is that with any of the sys-
tems simulated there is a critical point in the case arrival rate
beyond which performance degrades seriously cither because:
(1) the dispatcher is unable to handle the increased load with-
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out heing subjected to undesirble stress and reducing the
level of service and () waiting rimes become excessive, which
degrades system performance because patrol units compm come
municate with the dispateher satistuctorily, Channel wiilization
could also become a limiting factor at lightly higher rates if
these other factors did not impose their own Hinits,

To summarize, there is a critical case load value that
should not be exceeded, ‘Fuking into account hoth the dis-
putcher busy thme linit and the waiting time limit, these critieal
case Jouds as shown by the simulation are approximately;

Cases per Hour

System A 21
System B 11
Systemn € 8

These figures alone would suggest that System B and
System C are about equal, but there are significant differences.
It was shown in Figure 8 that the channel wtilization remained
very low for System C at all points; this is due to the fact that
the dispatcher is taking calls from the public; these are relatively
long calls and use no channel time at all, Note also that in our
siimulated System C the dispatcher does not handle remote data
base queries, as is the case in System B, If the dispatcher had
this added load, System C would he out of the question except
for very low cuse loads.

The conclusion is that the first step to be taken to
increase the capacity of a dispatcher position is to separate the
CBO funiction from the dispatcher function. This not only frees
a large amount of dispatcher time, but reduces the stress on the
dispatcher because he is no longer required to deal with the
public as well as manage his patrol units, He can concentrate on
the dispatching job, which has enough stresses of its own in g
large command center without the added stresses involved it
taking calls from the public,

Another important funcuion of a separate CBO is to
filter culls from the public; some fraction of these calls do not
require d respotise from police or other emergency vehicles, but
if the dispatcher takes a call directly he must do the filtering
at the expense of his other futictions. The separate CBO cun
also fmprove public relations if a busy dispatcher is unable
give as much time to a catler as the caller would like.

There are two ways in which the handling of reimote dag
base queries can be separated from the dispatcher function.
One is to have a separate position for this funciton, as in San
Diego. This is a relatively simple change to make, and the
information operator can keep track of other situations such as
tow requests and ambulinee requests,
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The other possibility becomes uvailable when the patrol
units are equipped with mobile digital torminals, With suitable
software and equipment in the command and control center,
queties to remote datu bases (normally Bepartment of Motor
Vehicles and NCIC, which nre already computerized) cun be
reluyed automatically from patrol unit to remote data base
ana bagk, with no load on the center personnel.,

In ecither case, the simulation results indicate that the
capacity of u dispatcher position can be increased substantially
by removing this function from it.

It is relatively simiple to determine the number of dis-
patchers needed for a given center, Since the system should be
sized to hundie the heaviest expected load, the number of cases
in progress during one or more of the busiest hours should be
counted. This becomes the load to be handled. Now the max.
imum ollowasble cuse loud per dispatcher is determined; the
figures given above from the simulation are good starting points
for this determination. The planner can modify these if he
feels it is appropriate in light of conditions in his department,
or he may have some combination of functions that does not
correspond exactly to one of the three systems modeled.

As an example, let us assume the plannet expects to have
a System A configuration where the dispatcher handles neither
calls from the public nor remote data base queries. Our simula-
tions (and out observations) indicate that with this systemone
dispatcher should not be expected to handle more than 25
cases per hour, We will assume that the case load during several
busy hours has been counted, with the maximum load to be
planned for amounting to 80 cases per hour. The number of
dispatchers is then:

Case load =80=13)
Cases per dispatcher 25

which meuns 4 digpatcher stations will be needed.,

The above analysis of dispatcher work loads can be
sutnmuarized as follows:

®  Only in a small department with low maximum
case loads is it practical to combine the CBO and
dispatcher functions.

®  Relieving the dispatcher of the task of handling
data base queries makes a significant increase in dis-
patcher capacity for managing patrol units and
monitoring incidents,

o  Dispatcher loads should be sized to keep the
average maximum busy time to about 50 percent
(with this average, there will be short-term peuks
when the dispatcher is well above this figure).

6.4 Human Factors Considerations in the Dasign of
CAD Systems

In selecting a system design, the planner must consider
a number of factors in addition to the matter of sizing the
system. In the course of our observation of police command and
cottrol centers, particularly those operating under peak loads,
we noted several ways in which the details of the ¢onsole hard-
ware uand software affected the efficiency with which the dis-
patcher operates. Since a major concern in connection with
dispatchers is the stress under which they necessatily operate,
any efficiency improvements that can lessen this stress should
be carefully examined.

We have already seen that a 50 percent average busy
time is the most that should be expected of a dispatcher even
during peak hours. In planning for a new CAD system, it is
probably advisable to design for an average of 30 to 40 percent,
or perhaps a corresponding figure of not more than 20 cases
per dispatcher (including both backlog and assigned cases).

6.4.1 Configuration of Displays

In the design of the console itself, it is important to
avoid overloading the human capacity for accepting and pro-
cessing information. A dispatcher in a CAD system is handling
information in four different ways, more or less simultaneously
or in very rapid shifts from one to the other: listen, talk, read
the display, use the keyboard.

In the conventional manual dispatch system, the dis
patcher normally performs in a listen-talk mode, with a min.
imum of manualvisual tasks. Hence, the CAD environment
imposes additional manipulative functions on the dispatcher,
which can add to the stress level if not carefully engincered. In
fact, the dispatcher is in a “type or perish” environment, which
can be particularly stressful to field personnel who are rotated
into the dispatch center vccasionally and do not have a high
level of typing skill. The cotisole must be designed to help him
performn the manipulative kinds of processing in the most
efficient and least stressful manner. The voice communications
with the patrol units can be made more efficient by digital com-
municativns, but appear to be indispensable. CAD may help
reduce the length of some voice messages, but the total talk.
listen time is not changed significantly, The displays and the
display formats, however, can influence the efficiency of the
console-related functions,




The major design deeision to he made is that reparding
the number of sereens on cach console, The data in Table | on
existing CAD systoms indicutes that several of them muke use
of split-screen displays, where half of the screen is usod for dis
playing patrol unit status and the other halll for the ¢urrent
incidents or other displays, One depariment that begun with
a split-sereen CRT display has since changed to a two-sereen
dispiay, having found that a single s¢reen does not provide the
dispateher with enough room to display the information needed
for rapid, efficient decision making.

Liven two screens may not be optimum, With 4 two-sereen
console, there will typically be four scts of data displayed:

(1) Status of up to 40 or 50 patrol units (a separate
screen on a two-screen console).

(2) One case in full detail (6 to 10 lines of a display).

(3) Summaries of the cases in progress, giving at leust
the case number, type, and the patrol unit assigned
to it; there may be as many as 30 or 40 of these
summaries.

(4)  Aone-line summary of the highest priority incidents
in the disputcher’s backlog, giving for each the time
of the call, the priority, case type, and address.
There usually is room for as many as five of these
hacklog cases.

The dispatcher can call up to the screen any information
that is in the computer’s memory; in particular, he can display
the complete backlog or any part of it, and he can call up the
complete 10-line format for any case in progress if hie needs to
determine (for example) what patrol unit is assigned or to add
or change data on the basis of a report from a patrol unit,
This is a convenience, but at times of heavy work load it takes
time to key in the necessary instructions to the computer, and
the information that is called up has to displace some other
information on the screen, The dispatcher’s task is easier if
the most frequently used data remains continually displayed,
with room left for calling up other data from the memory.
Three and even four sereens can be used effectively to make the
dispatcher’s tusk easler by cutting down on the manipulations
he must perform to display the information he needs for decis-
fon making,

‘This Is ot the same as providing the dispatcher with snore
information; it simply makes the information more readily
available. Care should be taken not to flood the dispatcher
with mote information than he can use, or that he can use
under peak load conditions. Sume designets of automatic vehi-
ele location (AVL) systems have proposed a display showing
continuously the locations of patrol units on a nap of the
city. This is a very sophisticated design and would be usetul for

some purposes, but it would plave un additional burden on the
dispateher by confronting him witl an overly husy display. If
AV, is available, the computer shonld determine the patrol
Wit closest to an incident, und display only the unit aum-
ber(s), whicli is all the disputeher needs or wunt to know,

In some command and control centers, & separpte ter-
minal Is used for transmitting queries to remote dutu bases.
Such an arrangement may be the result of separute procute-
ments of this capability and a CAD system, but the planner
considering a new CAD system should avoid It Tt is relatively
simple to incorporate the remote data base query capubility into
the display/keyboard terminal used for the CBO and dispatch
positions, 1f the dispateher (or CBO) makes data base querics,
his job is simplified if he can simply push a key instead of
turning to u different console,

5.4.2 Display Formats

There are many possible wuys to display the information
a dispatcher needs, and no single set of displays and display
formuts will be the best for all departments using CAD systems,
From the human fuctors point of view, formats are very impor-
tant; the way the information is presented can tnake a vety
large difference in the efficiency with which a dispatcher works
and the amount of stress imposed on him.

The ideal way to develop a set of display formats for a
planned CAD system would be to design a set of formats and
experiment with them, making modifications until most of the
people who will be using them are satisfied. 1f this can be done
on some kind of a simulation facility before the system is
installed, the system startup will be easier. Kven in this case,
however, It should be expected that there will be some changes
in format after the new CAD system is implemented. Such
changes require modification of the software and tend to be
expensive, but they should be plannied for because they are
almost certain to be needed,

A simulation facility would be too expensive for any
but the largest departments, but it would be possible for a
number of departments in the same area to develop such o
facititv jointly. This would permit dispatchers to try out dif-
ferent formats under simulated high-oad conditions, to see
which were best for thelt particular situations,

As CAD systems become more numerous and iore
widespread, it is possible that vendors will offer standard soft-
ware packages that include stundardized formats for displays.
In this case, the planner will need to consider the trade-off
bhetween the lower cost of standurdized display formats and
the advantage of huaving formats specitically tailored to the
needs and/or wishes of his dispatchers.
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One way out of this possbly difficult choice is the use
of so-culled “smart" terminaln. These are consoles with a bullt-in
microprocestor (a vory small computer), and they permit
changos in display software, particularly special functions and
displays, much more easily than is the case with the usual type
of displays, which have fixed display formats and function
keys. The Shreveport Police Department has used “smart”
terminals to great advantage, and they can be expocted to
become increasingly avallable for new CAD systems.

In the previous discussion of display configurations, we
mentioned the desirability of having two or three separate
screens on each console, so that certain kinds of information
can remain on view at all times, When the dispatcher must use
one screen, or part of a screen, to look at any one of several
different displays he can call up from the computes memory, it
Is called “paging”, in the sense that he pages through the mem-
ory much as one would page through u book,

In a manual system, a dispatcher normally has more
information permanently on view of front of him than s the
case in a CAD system, When the CAD dispatcher calls up a new
display on the screen, or portion of a screen, the information
that was already there disappears and can no longer be consulted
at a glance. Therefore, the selection of those categories of
information that are to remain continuously on view and
those that must be paged through (called up one at a time) is
quite important, and the number of keys that must be pushed
to call up a given display is also important in system design.
Specific examples of display formats will be given in later
sections. In the previous section we saw that the four categories
of information usually visible to a dispatcher, either on multiple
screens or a split screen, are;

®  Patrol unit status.
One-line summaries of cases in progress.

One-line summaries of cases in the backlog (or as
many of them as the screen ¢an hold).

L One case in full detal.

We also noted that the dispatcher can call up the full detail of
any case if he needs to consult it for information or add Infor-
mation to it, us when the case is cleared. Other displays he may
be able to call up include:

Remainder of backlog not shown on screen (if any).
Vehicle stop.

Remote query.

Request tow or ambulance service,

Message file.

®  Porsonnel fle.
Asigned duty roster,

©  Display map of sector (if there is an automatic
vehicle location system),

Some additional dats on how display formats and paging
can affect the Jdispatching operation is given in Appendix B,
which isa scenario for an armed robbery In progress as it would
be handled by the Huntington Beach CAD system. Display
formats are shown in detail in Chapter 6.

6543 Keyboards

The keyboard is the means by which the dispatcher enters
data into the system, controls his displays, searches files, or
gives other commands to the computer. He also uses it to send
messages to patrol units if they are equipped with mobile dig:
ital terminals, or to transmit messages to other computerized
systems (e.g., query messages 1o remote data buses).

A typical keyboard is shown in Figure 9, A console key-
board has a nucleus of keys that ars much the same as a normal
typewriter keyboard, plus a number of special function keys
that can vary (normally) from 12 to 20.

The design decision to be made is primarily how many
special function keys should be provided. The trade-off involved
is roughly the following:

®  Onespecial function key replaces a coded sequence
of letters and/or numbers that would have to be
entered on the regular keyboard. For example, a
touch on the LOG OFF special function key, plus
the number of the case to be logged off, tells the
computer to locate and display the record of that
case number, with the cursor automatically pos-
itioned in the “case clearance” field on the format,
The dispatcher then simply enters the clearance
code and the job is done, This saves the valuable
time of a busy dispatcher, provided the dispatcher
does not spend time hunting for the special func-
tion key. Dispatchers with good typing skills nor-
mally cant command displays using either regular
or special function keys with equal speed.

The more special function keys there are, the mote
of them the dispatcher has to remember and be
able to locate quickly. Unless a special function
key i3 used often, it may not be advantageous to
have it. Large nutnbers of special function keys are
expensive to build into the console and both dif-
ficult and expensive to change later.
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FUNCTION KEY DESCRIPTION:

F1  ENTER MESSAGE
F2 DISPLAY MESSAGE
F3 ENTER COMPLAINT

F4 DISPLAY COMPLAINT

ﬂﬂﬂﬂﬂﬂ
ﬂ

ikl

F5 ASSIGN UNIT
F6 ASSIGN STATUS
F7  REASSIGN

F8 DISPLAY STATUS

Fig. 9. Shraveport PD dispatcher keybosrd

It should be understood that the computer is doing the
same thing whether the command is entered by means of one
special function key or a sequence of symbals typed on the
regulat keyboard, In the log-off case, the alternative to the
special function key is to have the dispatcher type L O on the
keyhoard, plus the case number. Then when the computer
locates and displays the cuse record, the dispatcher positions
the cursor himself to the proper place on the format and enters
the clearance code. Ih both cases the computer i3 finding and
displaying the record and entering the clearance code in
response to the keyhoard input of the dispatcher, and filing
the record away again,

6.6 Other Personnel Requirements

We have already considered the determination of num.
bers of complaint board operators, secondary opetators (if
used) und dispatcher positions. This section considers the
requirements for supervisors and information operators, und
presents a brief discussion of the types of petsonnel to he used
for dispatching,

6.6.1  Supervisory Stations

A police command and control center of any size (i.e.,
one with three ot more dispatchers on duty simuitaneously)

usually has supervisors to monitor the operations and provide
overall. management of the operation. In latge departments
there may be separate supervisors for the complaint board
operators, the dispatchers, and the overall command and
control center. Smaller departments frequently combine these
functions and need only one or two supervisors per shift,

The number of supervisors of each type is 4 management
decision outside the scope of this decument. From the point of
view of the planner, the important aspect of this determination
is that each supervisory position must be equipped with a
console,

A supervisor of complaint board operators will require
a console equipped like those of the operators, and with the
capability of displaying the data on any operator console, He
may also need to have call director equipment for monitoring
and putching calls, plus registers to record telephone activity
rates,

The dispatch supervisor needs a standard dispatcher
terminal, with the capability of observing the screens of all
dispatchers on demand as well as access to all dispateh fre
quencies. He may also need auxiliory radio and telephone ter
mingls for communication with other agencies. His console
will have the same copability for creating incident records,
monitoring incidents, and entering data in the fes as the other
dispatcher consoles.




6.6.2 Information Operator

Many farger police departments have a special positicn
for an information operator to handle such non-lispatehing
tsks s queries to remote data hases, sequests to ambulances
or tow vehicles, contacts with other departments, or calls to
citizens, This reduces the load on the dispatehier, us-the sim-
ulation results indivated,

The information aperator requires o console similar to u
dispateher console, witl telephone facilities plus radio term:
nals for communieations with other ageneles,

The information operator uses a separate channel from
the disputelung channel; uswally one such frequency for the
information operator is sufficient for cities of up to one mil-
lion population.

6.5.3 Types of Dispatcher Personnel

Dispatchers muy be either professional, fuli-time dis.
patchers, ot field personnel who ure assigned to this duty in
rotation with other police duties. For u CAD system, some
moderate degree of typing skill is more important than for o
manual system; typing skills are on the average not high among
field personnel, which tends to slow down their performance
4t a CAD console. Also, the fact that dispatching is not their
full-time assignment nor an important aspect of their careers
makes them tend to be less proficient at the specialized tasks
of dispatching. Field personnel without good typing skills who
are brought in for dispatcher assignments generally will find
the “type or perish® environment of CAD more stressful than
the conventional manual systems,

For these reasons, planners in departments flow using
field personnel for dispaiching may wish to review this policy
in the light of the different requirements of u CAD system
with respect to dispatching skills,

if the decision is mude to use field personnel, some
speckal provisions may be made. One department, in the effort
to reduce toa minimum the amount of typing required of dis
patchers, used consoles with large numbers of function keys,
It is not certain that this timproved dispatching speed, since
considerable time would be teeded to locate the desired fune-
tion key amotg sich a large number,

Having a skilled typist at the dispatcher console also
makes {t easier for patrol units to dictate information to the
dispatcher, partientarly case clearance reports, Officers in one
departinent must dictate these reports to a clerk at the end of
the shift, and may need up to halt an hour for this sk,
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Our obsorvations have not included moasuroments uf the
difforences in sorvico to patrof unita botween profossional
dispatehers and part-timo flold porsonnel dispatchers; subjoce
tively, our view is that servico Is better with profossional,
fulltlme dispatchers.

5.6 Management Reports

Previous sections have indicated briefly the kinds of
management reports that can he generated by a CAD system.
Although no depurtiment would install a CAD system simply to
produce better reports, the planner should take full advantage
of the remarkuble capability of 4 computerized system to gen-
erate all kinds of reports accurately, rapldly, and at low cost.

there are in genersl four kinds of management reports
that a police department needs, and thut can be reudily pro-
duced by u CAD system. The planner’s tusk is to muke certuin
that the required duta is available in the computer files, und
that software Is provided with the system to extract the duta
and format the reports, The four categoriey of munugement
Fepurts are:

®  Routine statistical reports that are prepared reg
ularly for department administration or for trans-
mittul to state and federal (UCR) eriminal statistics
collecting agencies, Some of these reports may
include summary analyses such as moving averages
or comparisons with previous periods; such data
can be prepared by the computer.

Activiry reports that typically cover data on patrol
officer activity, changes in volume or type of inci-
dent for specific parts of the city, response times
to citizen calls, and length of time spent on calls
broken down by area or type of call. Since it
requires relatively little computer time to prepare
such logs, it is possible for department management
1o have reports more often than would be feasible
in a manual systei,

Incident or case logs ate generated by the computer
at the end of each shift, and contain most of the
duta negded tor preparation of the others.

Daily field activity teports are prepared by field
officers and submitted at the end of their shifts,
Notmally DFARs are prepared manually, but one
department (Dallus) has a transcriber service in
which the field officer telephones in information
to a clerk who calls up the appropriate case records
on the display, and auds the officer’s comments

—



agid gase disposition eade; no ather writhen repors
are required exeept for eertain types of invidents,
This techiique s consklerable potentinl for
reducing the paperwork load on tield peisoninel,

A DEAREMENT Teport genertion toutine can be provided
tor (g ehanges or trends that could indicute problems (eall-rate
changes 0 partieutay beats, sharp chunges in olficer produe-
tivity oF ¢rime types, ete.),

‘Fable 6 {s @ list of monthly reports geavrated by the Sun
Diego CAD system for interna) munagement purposes, It can
e seen thut these are organtzed in such o wuy as to revel
trends that may requive management attention, Table 7 is a
list of yll the repurts generuted by the Glendale CAD system.
These ate typical of the external and internal reparts required
for o pulice department. Examination of the list indicates that
there are some items of data required that are not on the nor-
mal tnetdent record from the disputching system, Procedures
must be established to assure that these ftems of information
are entered into the computerized files (e tratfic violation
records, juvenile case follow-ups).

Tuble 8 is o comparable list for the Dallas CAD system.
This departinent has o data section set up specificully to gen-
erate teports and to analyze the duty collected in the CAL sys-
tem, The system has on-line printers, pennitting any of the
reports to be generated on demand at any thme.

B.7 Files

‘The eomputerized Tiles are the busis for all CAL oper-
avioms, sinee [t s the immedintely available and instantly up-
duted files that aid the disputeher In his work, The abitity of
the computer to seareh w file und retrieve or alter wny infor-
mation i it within a fraetion of 4 seeond provides powerful
support (o the disputching function as welt us to the com-
plaint bourd funetion,

As noted in previous chapters, there are degrees of
saphistication in CAB systems, und the more sophisticated sys-
tems use more files than the simplet systems. All CAL systems,
howevet, require o hasic set of files dynamically updated by
the computer, phis a tog of all setivity, 1t s from the activity
fog and incident files that nearly il of the munagement reports
desertbed In the preceding section are derived.

CAD systems normally store files on random aecess dise
storage devices, which are modular and any number needed can
be provided in the system. Storage capacity is not usually @
problem for the system planner or desigtier,

Typical tiles required or uptionally included In CAD sys
tettss are listed in Table V with the contents of each record in
the file indicated.

The availability of some of these files may enable the
police department to rendet valuable service o the commu-
nity. For example, in an emergency the personnel lile van be

Tabla B, Internal Managament Reports Qenerated by San Diego Polica Dapartment CAD System

ftem Reported Breakdown
Cally for sarvice work load 1. Beat
{in hours) 2. "+ of week
Calls for sarvice work load 1. Time of dey
(in houre} 2. Day of week
Numter of dispuiched calls 1, Priority (high or low}

Time spent per cakl 2. Boat
fleaction time
Beat work load: 1. Beat

Total incidents

Total work load hours
On-beat incidents and hours
Dff-beat inckdents and hours

Final disposition of calls for 1.
sarvice

Casa log

Disposition coda (14 plus no disposition)

Commoents

Runks beats in descending order; identities beats in
upper and lower gquartile,

Alsu yives percent of total man-hours spent on
assighment to calls for service.

Avarage and standard doviation.

Also shuws pereent of incidents end hours hoandied
by beot cor,

Also shows total of all cells fur service.

Hard copy printout of incident records.
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Tatie 7. CADR-Qanarated Reparis — Qtandate Follos Beparimant
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Crima and Ingident Analysls Reperts

Police uctivity summary update report

Juvanila Activity Rgports

Juvenites detained and dispositions

Special Reports tor Racord Buraay

BCS monthly crime and clearance raport

Pealiminary Editing Reports
Incident
Property value update
Cane status update
Arcest raport update
Nonhuzardous trattic violetion update

Team status updete

Genaral Use Reporte

Daily activity log

Work Status and Employee Evaluation Reporis
Status report of active cases

Report of investigative ansignments

Recovarad property reteinad by oftficer

Report Fraqueney

Manthly summary of incldents by reparting distriot by day of wask Manthly
Racap of major activity in apaaified raparting distelat(nl Reguent
Summary of Incidents and/or cate raports Monthly

Somimaonthly

Monthly
Waakly follow-up report of juvenile cases raferred to caunty probation department Weokly
Quertarly report of datained juvenites resident by reporting distriot Quortorly
Menthly urrast and citatlon reglater for BCS*® Munthly
Adult misdemaanor arrests and dispositions Maonthly

Monthly
BCS monthily valus of property stolen and recoverad by offense Monthly
BCS ysar-to-date summary schedules of stolen property Monthiy
Quarterly follow-up of srrests panding disposition Qluarterly

Daily

Daily

Daily

Daily

Dally ;

Daily

Daily

Weskly

Daily
Employee/tesm/buresufeection activity and evaluation raport Monthly

Monthty
Tratfic enforcement activity (by each employee) Woekly

*Buresu of Criminal Statistics
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Tobls 8. CAD-Qenerated Asports ~ Dallae Potige Departmant

Itam -ﬂlpomd

Crima Etatistics
Total crimas
Numbet par day
Avarage por day
Standard deviation

30:.day average

Retidentisl Burgiaries
Time, dote, day of week
Location
One-word proparty description
M.O, antry
Cawwe status
Case number
Number of suspects

tNumber of vahicles

Suspact Parsons
Crime
Oute
Case number
Deascription (sex, ege, eyes, etc.)
Weapon

vahicle description end license

Suspect Vahicles of Suspscts

Same as above

Suspect Vehiclas for All Crimes in Period
Vehicle detcription and license
Crima
Lacation of crime
Date and beat

Cate numbaer and status

Marning Report of index Offenses
Last 24 hours
Month-to.dats end last month-to-date
Last yaar month-to-date

This year and 1ast year-ta-tlate

Brankdown

1. Beat

1. Raat

1. Beat

1. Beot

Commants

Aeats ranked hy number of ¢rimes

Ordered by vehicla
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Item Rapartad
Marning Repart of Actual Qffanses
Last 24 hours
Manth-to-date

Last month-to-date

Calis - Number of cully
Tatal time on call

Avernge time on cull

Raspunsa Time Average for Yeur
Total
Timu recelved to time dispatched
Time disputched to time on scene

Time ot scene

Culls for the Month

Caits for Holdup and Burglary Alarms
Complainant
Time and date
Time dispatched

Comments

Officer Activity Report
Arrasts
Jait arrasts
Dispositions
Parking citations

Accident investigations

Tabia 8 {Continuad)

Brenkdown

Commants

1. Divislan

1.

Beat

2. Watch

. Beat

~

-

Py

Hour of day

Alarm location

Officer 1D

a6




searched rapidly 1o focate officers with special skills such as
dismantling bomb deviees or speaking certain foreign lunguiges,

The address file listed in Table ¥ is only one version of
geographle files that may he created and maintained. A depart-

ment may ¢hoose to maintain complete records of all items of
interest assoclated with o given address, such as!

o Deseription of the structuee.
] Alarms

] Indicator of data such as detailed floor plans, maps,
photos, avaifable on microfiche.

L] Gun registration at the address,

e  Prior incidents at the address,

e  Personnel on patole or probation at the address.

This information can be automatically displayed when
the address is entered at the console, ot can be displayed only
on request. This is a useful capability, but the creation and

maintenance of such files involves a large amount of clerical
work.

37

6.8 Failure and Backup Made Operation

In planning for a new CAD system, 4 departiment must
also plan for carrying on operations in the event of a failure
in the CAD hardware or softwate, Such plans should include
detalled procedures for making the transition from normal
automated operation to manual operation and back again to
automated operation when the probiem has been soived.

1t may be desirable to provide for an intermediate mode
of operation, in which the console keyboards and displays are
still working, but do not access the computer files. In this
mode the complaint board operators can still use their key-
boards to enter incident data, and can then cause it to be
printed out on the printets at the dispatcher consoles.

The transition procedures can be exercised on the
occasion of routine maintenance procedures or shifting of the
computer to perform periodic batch processing of the data
base (as in preparing management reports). It may also be
advisable to hold unscheduled “fire drills” to verify the tran-
sition procedures, Supervisors normally play an active role in
coordinating the transitions.

Detailed procedures and their effects on hardware and
software are presented in Chapter 6.
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Tabis 8, CAD Films

File Namas Functien

Contant

Adtdross 1. Netarmines whother or not address
glven by complainant exists.

2. Locates address by cross streets, beat,
and reporting distriet.

3. Reports finding to oporator,

Incidents 1. Convays Information from e -~ “lginunt
to dispuatcher.

2. Convays information from dispatcher
to patrot officer.

3. Summary for case log and duta base
for management reports,

4, Reuction time and delays.

Vehicle Status 1. Display resources to dispatchar and
their availability.

2. Display case numbers and vehicles
currently assignad.

incident Summary 1. Provides 1-line summury of inci-
dents sssigned but not yet cleared.

2. Provides 1-line summary of inci-
dents in backlog to be assigned.

oo bW
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18,
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Straot namo.
Number ranga.
Number range of each block face,
Namne of straat at each intersection.
Bast,

Reporting district.

Name of compleinent, his address and phone
numbar,

Type of incident.

Priority.

QOtficers and cars assigned.

Time and date initiatad, sssigned and dlsposed of.
Time and status changes for each vehicle in case.
Incident numbar.

Precinct number, beat number, réporting district.
Operator receiving cell pasition.

Dispatcher assigning call and position,
Frequency.

Silent alarm number,

Disposition.

Unit number.

Terminal number.

Number of personnel in car,

Beat assignment,

Tamporary assignment.

Radio channel.

Shift.

Time assigned an shift,

Updated by operator number and time.
PIN numbers of officors assigned to vehicle,
Status.

Timae-antered status.

Incident number.

Type of incident.

Priority,

Number of unit covered or boing covered.
Status chenges times and cese numbers for that
shift.

Comment.

incident number.

Start time.

Priority,

Time receivad.

Typa,

Location,

Number of assigned unit.
Frequency, dispatcher.
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Tahle 8 {Continued)

File Narn»

' Funcﬂom

Departinent Parsonne!

Department Vehictes

1. Ronter of sworn and non-sworn
staff,

1. Inventory of putrol vehicles; shows
special equipmant on eech {com-
munications, mobile lab, atc.) whether
or nat they ara in shop, time 10 bring
out of shop.

COMNBDIRLN -

-
gL =

™~

Contant

Nama.

Rank,

D.0.8.

Duote joined P.D.
Home aduress.
Phong number,
Naxt of kin, address, phone numbser.
PIN number.

88 number,

Special capabilities.
Btood types.

Vehicle number.
Maodet, year.
Communications, &.9., types.
Lab equipmaent,
Other features lumbulance, tractor, ven,
bug, etc.}.
In shop for repair of ——.

part
Estimated return to active status .
date, time

L Jpa vAGE B
L en0R QUALITY]
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6. PLANNING GUIDELINES: ELEMENTS OF THE SYSTEM

We have seen In Chapter 3 how a CAD system works in
general, and what its components are, This chapter provides
more detalled information on those components, Section 6.1
deseribes the hardware elements of the system, and Section 6.2
covers the computer programs and computerized files that
are needed for a CAD system,

Refure we describe the components of the system, how.
ever, 1t will be useful to present an overall picture of the physi-
eal layout of a command and control center with computer-
aided dispateh, Figure 10 is a drawing of a typical center.
Some of the points to be noted here that have not been
mentioned previously ate:

¢  The computer and its related equipment (tape and
disc units and interface devices) do not occupy
much physical space; the equipment generally does
not require specially conditioned Facility space,

e  There is a position, with a separate console, for
a watch commander, The watch communder Is in
overall charge of the center and of the patrol
units, His console enables him to observe the
sereens of any of the other consoles, and his
radio panel permits him to communicate with

MICROFICHE

patrol units on any of the frequencies Belng used
by the dispatchess, He provides overall monitoring
of the entire operation &. well as high-level deci-
sion muking for cmergency or unusual siuations,

There Is a position for a records clerk, This posi-
tion hus a console with a display screen, but has
no radio panel and does not communicate with
patro! units, 1ts function is to handle all oft-line
functions such as preparing personnel rosters,
updating the permanent files, transferring lugs
from disc to tape for permanent storage, generd.
ting computerized management reports, ete.

There is a spare console for training. This is identi-
cal to a dispatcher console, and can be used as an
active console to handle overflow loads or in case
of failure of an active console, 1ts nominal pur-
pose is to provide practice for new operators.

A microfiche file is available to the dispatchers,
This is a means of storing permanent reference in-
formation that the dispatchers may need occu-
sionally for tactical situations, This microfiche
file is equipped with u system for rapidly retricy-

CARD READER
TAPE READ /PUNCH

DISPATCHERS
COMPLAINT
BOARD OPERATORS

PRINTER COMPUTER
/. INTERFACES
RECORDS DISC FILE
. B_ v O
A MAGNETIC
TAPE FiLE
COMPUTER
; .
2/
NN
\
\ N
\
WATCH
COMMANOER
TRAINING

Fig. 10, A CAD diapatch center
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Lines 2-5 are used for detailed information fill-
in by the operator and become part of the
permanent computer trecord, which is asutu-
matically transmitted to and displayed on the
dispatcher’s incident CRT. Lines 6% and 10-13
are duplicate complaint entry formats, Lines
14-24 indicate the complaints, in order
received, entered into the system, This informa
tion is duplicated at the dispatcher’s invident
CRT.

(b) COMPLAINT ENTRY DISPLAY

Fig. 11, Complaint board aperstor station
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Status Display

Car numbers (corresponding to car types) are
displayed under apptoptiate headings of AVAIL-
ABLE, ENROUTE, AT S$CENE, INVESTI-
GATING, RETURNING TO STATION, OUT.
This information is entered directly from the
vehicle via the MODAT mobile data system.
Where applicable, the case number to which a
vehicle has been assigned is displayed next 1o
the vehicle, The upper right-hand corner dis-
plays the bucklug of unassigned incidents per
beat, Line 2 shows unit JA2 requesting a cur
stop check. Line 3 indicdtes that 314 has not
been assigned to a mobile unit in the computer
files. Line 4 indicates which mobile units are
tranzmitting emergency messages. Line § shows
other cars trunsmitting messages. Line 6 is the
automatic ID number which appears whenever
a mobile unit uses voice-radio.

Dispatcher Incident Display

A computer-assigned incident number appears
on Line 2 as well as time received, nearest street
(if applicable}, Apt. No., reporting district, Fire
Box No., and Beat No. Lines 3-§ indicate the
name and phone number of the person report-
ing the incident, the unit(s) assigned to the inci-
dent, and the type, code, priority code, and
description of the incident, Lines 10-12 indi-
cate assigned but unresolved incidents, with the
incident code on Line 9. The bottom portion of
the screen displays un abbreviated version of
the top portion of the screen: unassigned nci-
dents, type code, time received, address, inter-
sect street, reporting district.

(h) DISPLAY S

Photo courtasy of Las Vagas Motro Police Department.

Fig. 12. Dispatcher station
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ing any of the stored data and  °playing it on a
mictofiche screen, ¢.g., street maps, layout of
premisos such as banks, ete,

The physlcal arrangemont of the equipment is quite flox.
(ble. In some cuses the complaint board operators are in 4
different room or a partitioned-off part of the room from
the dispatehers, The computer can be in a different room if
it is more convenient, and the records clerk can also be in a
different location us long as he has a contiection to the
computer.

For the purpose of filling in a picture of the physical
appeurance of a CAD system, Figures | 1 and 12 show, respec-
tively, a CBO console and a dispatcher console, with typical
displays on the screens, Note that in both types of consoles
there is a provision for cards so that In the event of a failute
in the CAD systern the CBO and dispatcher can continue
their functions in a manual mode.

vOICE

[

6.1 Hardware Description

This section identifies the types of equipment. neoded
in a CAD command and control center. It takes a particular
oxample of such a center and describes in some detall the
charucterlstics of cach Item of equipment; the center is sized
10 serve g city of approximately one million population.

The equipment layout of the center we will use as an
example is shown in Figure 13, It consists of the communica-
tions equipment, the computers and related peripherals, and
the set of consoles where the functions of the center are
performed. As the figure indicates, the consoles assumed in
this center are as follows:

e  FEight CBO positions (four dual consoles).

®  One complaint supervisor position.

1 || |

COMPLAINT = SUPERVISOR | COMMAINT 2

g | R U

3 COMPLAINT 4

5 (%
N

5 COMPLAINT & 7 COMPLAINT B

¥R [\ﬁﬁg RE2 [\“".‘4
L!: N

i ~r3
[SINGLE CR1)
| ] J
ElﬂliAl

i CODE —
2 ror LINE @ @ @ @

DIQIAL DATA HeLEPHONE compTeL Ll PNTER
MAGHETIC | MAGMETIC

CALLS ety EGHPMENT ' n

STATISTICS SIONAL
coNDITIOl
 a—

AL TAPE
A []
my
] SWITCH -‘7—__1-7 e ;‘

SWITCH | [pam
o] MULTIPLEX | | o

FIELD
units * 1 Lo

A
FQUIRMERNY tANISE .
N

DIGITAL

1&1

COMMAND DISPATCH = SUMERVISOR

| 4

(DUAL CRTH

[wma]
T

PEEIPHERAL
MINI- DUAL ACCESS
COMPUTER CONTROLLER-
[} IMITCH
[Or O W FITTY
V a READ /PUNCH

n'u"'r'ltcn _ msdﬁ? W
g

Fig. 13, CAD system hiock disgram
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Four dispateher positions (two dual consoles},

One dispateh sapervisor positlon,

Two conunund positions (one dual consele),

One service and training console {two positions),

The dispatch supervisor, connnand, and service and train-
ing consoles are essentially identical to the dispatcher consoles

and are uhle to apernte as dispateher consoles whenever re-
quired hecause of overllow work load or failure of o regubir
dispateher console,

The characteristics of the consoles are summarized in
‘Table 10, In the system used here as an examaple, the command
console Iy used to monitor operations, provide necessary input
or feedbaek, and provide o channel for command decisions
in cases requirtng theny, The service and training console is
used to monitor the records channel, serve us a training posi-

Table 10. Summary of Consola Charsoteristics

Paosition

Componants

Functian

Complaint board oparetor

Compiaint bosrd superviser

Digpatcher

Dispatch supervisor

Command console

Keybourd
CRT display (singlte}
Call director

Instant playbeck recurder

Microficha files
{ona set for two positions)

Sams a3 CBO, plus:

Cali director supervision
equipment

Telaphone sctivity registars

Dual CRT display
Keyboard
Instent playback recorder

Microfiche files
{one set for two positions}

Radio dispotch penel
Menual equipment

Printer lone for two positions)

Seme as dispatcher console,
exgept:

No menual sguipment

Auxiliagry radio panal

Same as dispatcher console
except:
No instant playback recorder

Au..'liary radio panst
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Enters incidant date 10 computer,
Displays format and data as i1 Is entered.
Accepts cully from public via multitrunk telephone lines.

Captures incoming call for quick retrieval of information if
necessary to confirm or check date,

Frovides maps and other date such oy Jegat information, other
agency referrals,

Provides for manual taking of complaints if CAD system is
not fungtioning

Monitors incoming cell handling.

Provide historical records of telephone activity.

Displays all formats and data,
Enters dato to computer,
Captures voice messages for recheck.

Provides street files and maps, other static reference
information.

Provides radio communications with patrol units,
Permits manual dispateh if CAD system s not functioning.

Provides printed records as needed,

Provides fur communicaticn with other agencies.

Provides fur communication with other agencias.
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tion for new operutors, wnd handle tow and ambulunce
dispatclvs,

As shown in Figure 13, this system used as an example
has twa processors, They are completelv redundant, with
either being capable of handling all the computing required
for the CAD system (hut note that the multplexer switch
provides for future additions of processors to hundle othet
automated commund and control functions). Table 11 sum-
marizes the hardware characteristics of the processors und
thedt peripheral equipment,

No deseription is provided of the comtnunications eguip-
ment shown in Figure 13, since it s standard equipment used
far ull law enforcement command and control systems,
whether or not they have a CAD system.

6.2 SOFTWARE AND FILES

The term “software Is used to refer o the set of instrue-
tions executed by the computer 1o perform its tasks, plus the
data in machine-reacdable form that is used by the computer in
carrying out these tusks, The basle mstructions enabling a
peneral-prirpose computer to aceept specitle programs are pro-
vided by ihie computer munufacturer: these basic instructions
are uswally referrdd to as the operating system, The specific
programs that cause the .computer 1o perfonm particular tasks
are called user programs; some widely-used programs (such as o
payroll progeam or an inverttory control program) may be sup-
plied by a computer manufacturer or by an independent soft.
wire house, The files of duta are naturally always provided by
the user himself, although the file structure may be u stundard
one,

Table 11. Summary of Computer Hardware

11am

Descripticn and Function

Processors

Disc storage units

Magnetic tepe units

Card raasder

Ling printer

Console teletypewriter
the congolas.

Modems

Bach consists of s central processing unit {CPU}, memory (usually magnetic coras}, and input/
output logie. Tha memoly stores program instructions and data; the CPU axecutes the
instructions, using the starad data; the /O logle Interfaces tha processor with the input devices
{the contole keyboards, the disk end tape unitsl end the output devices (the console disptays,
the disc and tape units, printars} to move data into and out of the processor.

Thers are ona or mote disc units in the system, depending on the size of the files to ba stored.
Ordinarily a single disc pack with a capacity of several million bytes ig targe enough to store all
the programs and data for 8 CAD systern. Dlsc storage provides a means of rapidly accessing
large quantity of data or instructions; those programs end files that are not maintained in the
processor's core mamory are stored In the disc unit, where they can be brought Into core us
naeded in a matter of milliseconds, Duplicate disc units with dupticate date ara sometimes mein-
tained to protect against accidental data toss or disc systam failure,

Tapes are normolly used for permanent starape of data, end the amount of deta that can be
stored in this way is virtually uniimited. Tapes are usually eesily transferred from ona facility to
another if they vre needed for historicel or statistical studies.

‘The normal method of entering proprama into the computer for initial develupmant anu chackout
{s through punched cards. A 300-cerd-per-minute reader should be adequate for e CAD systum,

Any printed output from the system that has significant volume, such as activity logs and all
types of management reports, requires the speed of a line printer. The printer would normalty
bie associated with the records clerk position. 1t need not be a very high-speed printer, bhut
should be faster than a tetetypawriter.

A talatypewriter is provided for esch pair of dispatcher positions (one per dual console), This
fairly low wpeed printer is adequats for genarating the small amount of hard copy needed trom

A modem {modulator/damodulator) s needed for each interface of the CAD system with other
digita! systerns, primarily for purposes of remote data base query {DMV, NCIC, ate.}. A modem
allows a computar to communicate with another computar over standard telephone lines, A
motem is el negded in systems where the patrol units ere equipped with mohile digital termin-
als that can communicata cliractly with the computer or with remote data bases.




Far u CAD system, we assume thut the softwure will be
supplied along with the rest of the system by u contraetor, He
will normully buy the computers together with the aperating
systems soltware, but might modify the operating system ses
what to meot the partieular requirements of the CAD system,
The user programs would be provided by the CAD system con
tractor, ln cities where there Is a large and experienced data-
processing department, it is possible thut the ¢ity would et ax
its own contractor and procure the hardware (including operat:
ing systeni) winl weite the user programs in the data processing
depurtment, Even where the complete system is procured from
a contractor, ¢ity or police depurtiment progranumers miy
take care of software maintenance. Malntenunce usually refers
to muking modifications in the programs to tailor them speci-
fically to the conditions of operation, or udding extru capubil
fties that improve the overall CAD operation.

Figure 14 shows the strucutre of the software and files
that would be needed in o CAD system, There is a base set of
software that would be needed for any CAD capability; this is

OPERATING Tusens
SYSTEM FROGRAMS

lndicared by an asterisk, The remaining elements of software oy
files are aptional added eupabilities,

The tallowing subsectiong deseribe the soliware elemens
listed In Table 12, The planner may find these usetul i that
they pive o elear feden of what cach part of the softwaee is re-
quired t do, With this understigiding it is ensfer 1o evaliute
proposiels from system or siware vendars,

6.21  Operating System

1t has already been mentioned that the operating system
is normally supplied by the computer manufucturer, sitice its
detalled structure is heavily influenced by the design of the
computer and the peripheials furnished with it The separate
parts of the operating system are briefly described helow,

Seatem Generation Muodiae, This is the se1 of procedures
and insteuctions that defines the operating systen, the system

* EXECUTIVE
SERVICES

+ 3YSTEM
RECOVERY

Fig. 14, Software und 1ile structure for s CAD system

¢ LYSTEM ' SIGN-ON/
GENERATION SIGN-OFF
L e, * INCIDENT
SCHEDULER LOG-IN
' COMMUNICATION * DISPATCH
CONIRCL 10G-IN

* PATRGL UNIT
STAIUS

*  DATA
LOGGING

DATA BASE
GUERY

MANAGEMENT
REPORTS

DEPLOYMLNT
SCHEDULE
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REAL=TIME PERIAANENT
FILES FiES
. ACCLSS ADDRESS
AUHHORIZANON VERIFICATION
* INCIDENT TELEPHONE
FILE DIRECTORY
+ |NCIDENT ADDRESS
SUMMARY INTELLIGEMCE
Fltt FiLt

* PATROL UNIY
STAIUS HILE

' PATROL UMIT
FILL

RADIO=TELEPHONE
STATSHCS

OPERALOR
ACTIVITY
FIbE

FATROL UNIY
AU HVITY
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* BASIC ELEMENTS; REMAINING ELEMENTS ARY OPTIONAL
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B Roserd Sire
Plle Nama (sharsstens)
AEAL TIME PILES
Accass authorization A0 per parson
ingidant fils 850 por Ingident
Ingident summary fils 43 per Ingiclent
Patrol unit status tie 178 por fiold unit
Radio-talmphone statistics 198 per hour
Operator actlvity fila 503 per operstor par shift
Patrol unit activity tlie 628 par unit per shift
Daploymant scheduls 124 per parson
Temporaty situation file 1786 par acidrass/ares
PERMANENT FILES

Address varification
Stirunt Index
Landmark tile

Master street file

Telephons directory
Emargency telephones
Foraign language t-anslation sisistance

Nonsmargency telaphones

Addreus intelligence flle

236 per strest nams
68 par (and mark
02 par block fece

80 par telsphons
80 par talephone
€0 par telephone

246 per addrass/ares

configuration (Le., what processors and peripherals ure parts
of the system), the mode of operation, the dise file catalog
identifying progruns and file locations, and the software rou:
tines that are to be muintatneu in the core memory,

Job Scheduler Module. Control over the execution of all
piogram clements {s exercised by this module. Et maintains a
priority job queue and executes the high-priority jobs in the
foreground with the lower-priority jobs being hundled in the
background (the background means the Intervals of processor
time not being occupied by foreground jobs; these intervals
are generatly on the order of milliseconds or less). There is also
a priotity Interrupt feature atlowing a high priority task to
take vver the processor when it enters the queue. The function
of the job scheduler is to schedule and coordinate all the avail-
able processor execution time in accordance with the hierarchy
of priorities.

Communications Control Mode. This module provides
for testing of Input data for syatax errors, for message handling
in accordance with a given protocol, and for system-evel oper-
ators 1o interact with the system as needed duting initial sys-
ter generation and luter maintenance, file updating, and pro-
gram development operations.

Exectitive Services. This is u set of routines that support
user programs in handling data. For a CAL) system they would
include the special input/output handlets to drive the CRT dis-
plays, to sort, edit, and route the input keyboard messages,
and to entet data in the designated pottion of the display. This
module also includes the tmer routine that activates time-
related tasks for execution, and various utility programs to
handle transfers from disc to core or vice versa, or from dise
or core to printer. Other utility programs include software




vompilens and ussemblers, soutines for generuting and updating
dise filew, ete,

Sestem Reeovery,  This module provides for automutiv
trunsfer of system operation to u redundant slive procossor
(1 one is instatled) whenever the mastes procossor errar detee:
ton routine senses o fuilure, or whoenevor the slave processor
deteets the loss of master-slave communleations. [n edther case
the processor that remalns operational immedintely generates
messages to selectad terminals and prints ont o fadlure message
on the console maintenance teletypewriter,

6.2.2  User Programs

Sign-OnfSign-0ff. - All operators und  fleld  personnel
scheduled for active duty are required to sign on und sign off’
the system, ‘This enubles the system to malntain a current file
of all personnel on aetive duty, The sign-on procedure reguires
the ¢BO and dispatcher to input his persouul 11D code; the
processor then mukes o cursory seeurity cheek of his elipibi'ity
to operate the system and ol his authorization to secess speel-
fied data fites (for example, a CBO may not be allowed to
chunge patrol unit status or supervisary data or to modity the
address intelligence tile).

Once the dispatchers und CBOs have signed on, the dis-
patchers (or other operators) will sign on the persounel in the
partol units under their respective control (unless they can sign
on directly through their mobile digital terminals). When the
sign-on procedure has been completed, the program wil! gen-
erute a lest puttern on the screen to indicate that the procedure
is satistactory, and will also display all pending transactions so
that the dispateher can carry ob without interruption from
the previouy shift.

Each individual person who signs on witl have his own
activity file in the system, where all transactions executed from
his tetminal will be logged,

When the person signs ot this procedure cuuses his acth
vity fite to be closed and printed out (on demand). Tlis 1D s
removed from the file of people vn setive duty, and the appro-
priate supervisory termingl s notified of his sign-oft,

Incident Log-tn, The incident log-in routine is executed
whenever o new incident record is to be created. 1t is used
mainly by the CBOs, but when sn incident is reported by a
partol unit, the dispatcher makes use of this routine to enter
the incident into the system. This s an important and
frequently-used routine, consisting of the following steps,

When the operator types INC and presses the ENTER
key Cor presses o special function INC key), the routine dis-
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plays the ineident record format on the sereen, as shown in
Figure 11, The program sutomatieally enters data in the et
reet fledd and displays it on the sereen as entered, For exemple,
to onter an address the operator simply types the tiekd identi-
fier {CA In this vase) followed by a slash (1) and the data,
Numes, incident type, ete., ean be entered in simitar fushion.
The advantage of this provedure I8 that the informuton can be
entered in uny order,

When all the available data hus been obtained from the
caller, the operator depresses the ENTER key and the intor-
mton §5 trunsnutted 1o the processor, There it is scheduled
for execution hy the part of the executive service routine that
assembles the Juta, places alt entries in the praper field for the
disputicher’s display, and hands it over to the incident login
routine for seria) numbering, time-tagging, and address check-
ing (if the system has such a feature). Purt of the address check
is huving the master street file seurched to see if previous ingi-
dents have been logged in the same block, If there ute such
incidents, all of them are displayed on the CBO screen along
with the current incident to wllow for verification that the new
incident 1s not o duplicate of a previous one, If it is a duplicate,
the new incident s cancelled. I it is the same as an existing
iticident but with new data, the original incident is updated and
transterred to the dispateher for action (which may be to can-
cel it). New incident entrics will cause o {lag to he set in the
master street flle to indicate a pending itcident in that block,
aml the flag will be removed when the incident is closed,

The next check made by the incident log-in rovtine is
aguin against the address, but this time against the address
intelligence file (it this feature is included in the system). Any
information found in the file will be displayed with a special
caution marker if the intelligence data contains a caution flag:
this is to help the dispatcher make his decisions and to increase
officer safety.

Une of the fields filled by the CBO is incident priority,
The priority may be 1, 2, or 3 (1 for immediate action). The
log-in routine automaticatly notifies the tocticat dispatehes
console (or other designated supervisor) whenever there is o
priority | incident,

Finally, it the system has the dispateh recommendation
feature, the log-in routine checks the patiol unit status file
against the master street file to identify those units that are
neazest the nefdent and available, and displays the fist of such
units to the dispatcher, This information is added just as the
incident Togin routine hands the incident data to the dispatch
log-in routine,
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Dispateh Log-In,  This routine receives the incident data
from the incident logdn routine and displays it on the dis
patcher console when he calls it up in its turn, Figure 12-shows
the format of the display presented to the dispatchier, The
dispatcher now decides whether 10 assign 4 patrol vnit or to
defer dispatching until a tater time. If he decides to dispateh,
he selects 4 patrol unit or units from his patrol unit status
display (or from the list of recommendations presented by
the computer, if his system has this feature), e types in the
11Ys of the unit or units selected, and notifies them. As soon
us he receives an acknowledgement of the ussignment, the
dispatcher presses his ENTER key and the computer time
tags the assignment and updates the status display. An
incident/dispatch sunmnury task in the dispatch log-in routine
tukes all the incidents processed by the dispatcher (assigned
or deferred) and generates u summary in the format shown
in Figure 12. When the dispatcher wishes to recall the full data
in i incident listed in the summatry, he types in the incident
serigl pumber and depresses his ENTER key. The incident
summary table is printed out at frequent intervals on the
printer at the console, to provide duta in case it is needed for
manual backup operation.

When an incident s to be closed, the dispatcher enters
DC/CLOSED plus any data supplied by the patrol unit to the,
incident display after he recalls it. The processor confirms the
action by showing the time of log-off: the field unit status dis-
play is automatically updated, as before,

Patro! Unit Status Routine,  This routine maintaitis the
status file for the patrol units assigned to each dispatcher. The
format is shown in Figure 12, with the available units listed
on the left side and busy units on the right side. The available

DR - NAME CHECE DRN T 46h
WM 0NN M
YA I IHD ROAD

LA LA
MH - MARY JONTS
MIS - NTTENAME  TAY
THEER CETY - NOWARNT
CAP Y1
w0 MDA
HE W W TN
MURAYS A58
T A NOW NN

SMETH TOHN
HAT'RL &

DA TR

i

I 2ALY 110
A WHITI
WD = WT-1s0

units are listed by number and beat. Backup units supporting
the primary unit are listed immediately after the primary unit
regardless of number or area, and show the sume incident num-
ber as the primary unit,

The routine automatically shifts units from one column
to the other in accordance with dispatcher inputs (or direct
inputs if the patrol units report status digituily). The time col-
unin shows the time the unit made its last status change, If
there is a limit on the time u status code should remain un-
changed, the processor will cause the time signal to be flashed
to alert the dispatcher. Time !imits may be automatic for
certain status types.

The patrol unit status routine transfers to the activity
file for each patrol unit each status change entercd for that
unit. When an entry indicates that the unit has logged off, the
activity file is elosed and scheduled for tape logging and print.
ing (on demand).

A special task in the patrol unit status routine is used
to update the files during recovery after a period of manual
operation. It accepts inputs from the keybouard and updates
the files and displays. This task also prints out the status files
on the console printer periodically, say every 10 minutes, to
provide a starting point for manual backup operation if it
should become necessary.

Data Base Query Routine. This is the routine that
allows dispatchers to initiate queries to remote data bases at
the regional, state, and federal levels. The routine formats the
query and response data, maintains a record of the transac-
tions and prints out the guery and response for *“hits”, A
typical data base query format is shown in Figure 15,
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Flg. 16. Typical data base query format
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Response messapes are sereengd for positive cantionary
characters recetved as part of the response. Petection of a
caution charncter wilk create a high-priority response, causing
the console that cntered the query us well as the supervisory
console to he netified immediately, Positive responses are
also printed our on a spevial printer.

Management Reporting, A separate routine is provided
to collect from the log tapes the necessary data Lo generile
the set of management reports sclected by the department
management, Some typical mahagement reports are listed in
Section 5.0,

Data Logging Routine.  This routine handles the tasks of
formatting all the datu in the real-time files for permanent
storage ofi magnetic tape, It maintaing secountability of al
messages into and out of the command and control center uud
transactions within it

6.2,.3 Data Files

Figure 14 identified two types of files: real-time files
and permanent files. The real-time files are those used by the
CAD system in its basic functions, and their contents change
rapidly all the time the system s operating, The permanent
files are those used primarily for reference; they are not com-
pletely fixed, but they are updated at relatively long intervals
{once a day to once a month) compared to the real-time
files,

The contents of the files identified in the figure were
listed in Table 9 together with their functions. Table 12 lists
the files again, showing the approximate number of characters
that could be expected in each record in the file.

6.3 Sizing the System

Determining the quantities of hardware components ard
their individual capacities is normally done duting the detatled
system design. Nevertheless it is useful for the planner to know
how sizing estimates are made; this section describes a proce
dure for doing so, based on the needs of & city of one million
population,

8.3.1  System Paramoters

Those parameters readily available to the planner from
the existing police conunand and control system are:

®  Average number of calls for service in peak k. -1rs.

®  Maximum number of patrol units deployed per
shift,

From these numbers he can derlve some numerical CAD
requirements by using some rules of thumb that have proved
generally appiicable to cities in the 500 thousand to one mil
Ilon papulation range. These ate listed in Table 13, [n addition,
approximately 40 percent of calls for service genorally result
in dispatches of patrol units,

Tahie 13. Estimating Ratios for CAD Systams

N r par

Parameter P:::I.U::t

Self-dispatches (patrol unit originated) 4 per shift
Data base queries 2 par hour
Data base query responses (2.5 responses per query) b por hour
Partol unit status updates 10 per hour
Miscellaneous supervisory transactions 2 per hour

The final parameters needed for system sizing relate to
system perforimance; for a CAD system these are primarily in
the form of required response times. A typical set of require-
ments is listed in Table 14,

Tabls 14, Typical CAD Raspones Time Requirements

Maximum Time to Parform

Ogeration Oparation 95% of the Time

Answer call for service 10 seconds (first ring)

CAD gystam processing of incident lag-in 2 seconds
Update patrol unit status/iocation 1 sscond

Display of dete maintained in CAD files* 2 wconds

*Time doss not include operator typa-In tima,

Once these parameters and respomnse time reguirements
have been established, the sizing process proceeds in the follow-
ing steps:

(1) Determine number of work positions (CBO, dis-
patcher, supervisory, others if any).




Tabie 15, Datermination of Tatal Transaction Aate

Transotions
Transaction Type Numbar Par (Timas) Numbor Units {Equsis) Par Haur
- oy S - -

Dispatehes | : 130

From calls 0.4 eall : 200 calls : 80}

From self 0.6 PU* Il 100 PUs : {60}
Dispatch log-oft 1.0 incldent : 130 incidents i: 130
Data base queries 2 PV : 100 Pl : 200
Dato base responses 26 query Il 200 querias : 800
PU status updates 10 PU : 100 PUs ‘l 1000
Miscellanaous supervisory I ;
massages 2 PU : 100 PUs | 200
Hard copy print : :

Dispatcher records 8 dispetcher : 4 dispatchers : {24) 69

Data bage query "hits" 0.15 quary E 200 queries ': {30}

Management records B total ' : (5)
Talephone-radio statistics 1 total : i 1
Total transactions {per hour) ' 2220
*PU = patrol *1nit

(2) Determine total system input/output transaction
rate.

(3) Determine requited CPU capability to handie trans-
action rate,

(4) Determine core storage requirements.

(5) Deterinine disc storage requirements.

These steps ate outlined i the following sections, using as an
example the CAD system described In Sections 6.1 und 6.2,
For that system, the curves shown in Chapter 5 indicate a
requirement for 8 CBO stutions and 4 dispatcher stations, plus
4 asdditionai stations for supervisory and maintenance func-
tions; the additional stations are defined to meet the needs
of 4 particular system and are not derived from the curves of
Chapter §,
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6.3.2 Input/Qutput Transaction Rete

To detetmine the total 1/O transaction rate we identify
the types of transactions and estimate the numbers of each
from out perviously established system paramneters. This proc-
ess fs shown in Table 15,

The number of operations per hour required of the sys-
tem can now be estimated. We assume the following numbers
of operations for each transaction:

2 keyboard messages
2 screen displays
1 magnetic tape log record generation

5 operations per transaction X 2220 transactions =
11,100 input/output operations per hour

‘This translates to 324.3 milliseconds per operation.
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Now, making some conservative ussumptions abour cyele
thne and allocation of tme to operations (averaged over an
hour*):

Program execution time 0
Three disc nccess 120
Data transter 1/0 3.7

[nterfuce multiplexer to con- 38.8
sole transfer of 1940 bytes
(two times)
168.5 milliseconds

we see that the system assumed can handle approximately two
times the estimated average peak load (i.e., it requires only
168.5 milliseconds to perform tasks for which 324.3 millisec-
onds are avaltable under the assumed load conditions). This is
still a very conservative estimate, however, since of the 168.5
milliseconds shown above, only 6 milliseconds are used by the
CPU**; the rest is for data transfers. Thus the CPU can be
performing other tasks in parallel, as long as they do not
involve the same peripherals (CRTs, keyboards, printers, etc.}.
It may be possible to trade off the extra capacity for lower
cost hardware with less capability, or to keep it available for
future expansion of the system to accommodate new capabili
ties such as mobile digital communications,

The above calculations assumed a typical 16-bit minicom-
puter with an average instruction execution time of 3 micro-
seconds ot less, having direct mubtiple access (DMA) channels
to interface with the consoles and peripheral equipment.

8.3.3 Core Storage Requirements

The core memory n a computer is used to store the
operating system software required during real-titie operation,
the CAD specialized process control user programs, and buffer
storage to handle data transters to and from the consoles and
the peripheral devices. Typical minicomputers of the type used
for CAD applications are available with core storage modules
of 4, &, and 16K words {each word of 16 hits), generally up to
a total of 65K words of dircetly addressable core storage
locations.

*The caleulations shown are for operator terminal 10O communica -
tions which constitute the majority of transactions and take the
lopgest teansfer tites From CPU to terminal,

**Central Processing Unit,

For the system outlined in Sectlons 6.1 and 6.2, the core
storage requirements can be estimated as fllows:

Real time operating system 16K
CALD user programs 16K
Input buffers* 12K
Output buffers* __‘_)_lf_
Totul 53K

6.3.4 Disc Storage Requirements

Random access storage other than that provided in core
is usually provided by disc storage devices. The categories of
data to be stored on disc are listed in Table 16, with estimuates
of the number of bytes (1 byte = 8 bits) of storage required for
each category. These estimates are derived from simple caleu-
latlons based on the previously cstablished system parameters
and performance requirements. Note that some of the types
of daty included it the estimate are for optional files, as
defined in Section 6.2, and that the total can be decreased by
these amounts if the optional files are not included in the sys-
tem design.

6.3.6  Sizing Summary

The above calculations indicate that a CAD system does
not require very advanced or large-scale data processing equip-
ment. A standard minicomputer is more than adequate for a
system of the size assumed in the exampte, and with added
peripherals could handle a considerably targer load. The equip-
ment requirements for the example can be summarized as
follows:

Standard 16-bit minicomputer with
J.microsecond cycle time

Computet

Core storage 16K words integral with computer
plus three additional 16K tmodules
(64K total)

Disc storage  One 25-megabyte unit

*The sizes of core butfers are determined by the number of terminals,
digital communication lines, peripherals, and  message/transaction
rites estimated for the example system,
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Tabin 18, Estimatms of Dix Gtorage Requirements m
Maximum File Requiremant
Category (1000 hytes}
Care Imoge programs a4
Operating system 128
*Oft-ling usar programs 32
1/0 recovery (6 minutes of data} 1,742
*Master street fila (876 street block faces per siuate mile) 12,6844
*Street index (169 street names per squers mile} 1977
*Lendmark fita (10 landmarks per squars mila) 190
*Telephone directory {150 telepnones) 12
® Address Intetligence (200 records) 49
*Temporary situation file {100 records) 18
Deployment schedule (460 records) 67
System access autharization {460 records) ag
**|ncident log (10 hours) B45
**Incident summary (10 hours) a2
Patrol unit status (200 recards) 3%
*Oparator activity {40 records} 2
*Patrol unit ectivity {200 records} 186
*Racio-tslephons statistics (24 hours) .5
Totsl 24,328
Total with starred files omitted 2,992
*QOptional files (ses Section 6.2 for contents).
**Tha number of hours logged on disc for quick access review is optional. The 10-hour capability allows for the second
shift to review all incidents processad and deferred by the pravious shift.

Peripherals  One card punch (100 per minute)
One card reader (300 per minute)

One line printer (600 lines per
minute)

One typewriter-typeprinter per dis-
patcher console (per two positions)

One microfiche file and viewer per
console (1wo positions)

This brief list covers oply the data processing equipient.
A more complete list including communication interface equip-
ment will be found in Table 17 (Chapter 7).
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6.4 Planning Trade-Offs

We have already identified certain features of a CAD
system that involve trade-offs of one characteristic against
another; most often these reduce to a question of performance
versus cost, although there are other characteristies that can
enter into the selection of a particular system design or con.
figuration, This section discusses some of the trade-offs that a
planner may need to consiler in addition to those already
mentioned.

8.4.1 Deadicated vs. Shared Computers

In a city where the city government already has exten.
sive data processing facilities, it may be feasible to consider
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having a CAD system hecome one user of these facilities
instend of acquiring irs own data processing hardware (It would
stll need its own consoles and terminals to interface with the
central facility). FThe considerations involved in this trade-off
can he summirized as follows:

Advantages

) Potential saving in cost and time of implementing
4 CAD system,

®  Potential saving in maintenance costs (which would
be shared).

®  Potential saving in cost of developing and main-
taining software (if existing DP staff can handle
these functions).

®  Potential saving in equipment and manpower
required for offline (non.real-time) operations
such as generating management reports, tape log-
ging, and record keeping,

Disadvantages

®  Department does not have the system under its

own control and can influence performance only
indirectly,

®  The: central facility may not be set up to provide
support 24 hours o day, 365 days a year at the
required level of priority,

® Cootdination of CAD hardware and software main-
tenance is more cumbersome,

8  Central facility may not be in compliance with
state and federal data security regulations for law
enforcement data records,

¢ The potential cost saving may not be realized
because the CAD system vendor does not have full
access to the contral facility during the develop
ment, integration, and test phases of the new
system.

®  The potential cost saving may prove to be rela-
tively small because of the declining costs of mini.
computers suitable for CAD systems,
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6.4.2  Minicomputer vs, Large Main Framea Computer

The question of using o large main frame computer for
the CAD system may arise in police departments that are plan-
ning to implement several antomated functions in addition to
4 CAD system (e.g., automatic vehicle location, digital commu-
nications), Only a complete unalysis of requirements for all the
proposed automated functions in eelation to the capabilities
of alternative hardware configurations could provide a good
basis for making this decision.

It should be noted, however, that the present technical
trend is toward distributed computing networks using multiple
minicomputers, This trend results from recent improvements
in the overyll system reliability and performance of minicom-
puter systems, contbined with generally lower vosts for a given
cupubility,

6.4.3  Single Processor or Redundant Pracessor

The systems described in previous chapters have gener-
ally been shown with two CAl) processors, one of them redun-
dant. The question may arise as (© whether there is a finm
requirement for this 100 percent backup capability, particu
tarly since the availability factor for typical commercial mini.
processors is in the neighborhood of 0.9980 (about 2 minutes
a day ot 12 hours a year of down time). Nevertheless, this fig
ure includes an average repair time of 8 hours, which may he
more than a department wishes 1o tolerate. Duplicating the
processor brings the figures to 099999, which meuns less than
one second per day or 5 minttes a year of down time,

These figures are for the processor atone. For a two
processor system plus the power source and the terminals
(assuming some of the terminals can be used to back up the
others), the figure is more like 17 seconds a day or just over
1.7 hours a year.

Another consideration is that the redundant processor
can be used for off-line functions, such as generating manage
ment reports ot training operators, without interrupting the
regular operation of the system. The redundant processor can
also be placed vndine for load sharing of transactions: this
mode of operation would requite an additional software pro-
gram at the operating system level to coordinate each proc-
essor’s activity,

6.4.4 Single vs. Dual {or More) CRT;s on Dispatcher Conacles

The advantages of multiple CRTs on dispatcher consoles
were discussed in eatlier sections; in general, having more infor-
mation on permanent display reduces the stress level of the
dispatcher and simplifies his tasks, Another point to be con.




sidered is that if the patrol units have the capability of directly
updating the patrol unit status display by digitl communica-
tions Hoks, the putrol unit status display should be permu-
nently ot the sereen; otherwise the dispatcher would not he
aware of status changes without additionul provision for Aash.
ing the display. Liven with this provision, the stress level woukd
probably be higher than if the patrol unit status displuy were
continnously presenit on i sereen,

6.4.5 “Smart” Terminals vs. Standard Terminals

For our purposes, a “smart” terminal is one that has the
following capabilities located in the console:

. At least tw full display pages on its local memory.

e Capability for entering and editing display informa-
tion on the locally stored pages.

A standard terminal has none of these capabilities except
that it has the refresh memory for the display on its screen or
screens, All display changes are executed by the central proc-
essor and transmitted to the terminal,

The advantages of the smart termina are:

®  Mukes changes in display or keyboard software
easier to implement,

L Reduces the work toad and 1/O requirements on
the central processor,

®  Permits a degraded mode of operation if the proc-
essor fails; the dispatcher is still able to maintain
his patrol unit status display and his incident sum-
mary data for local update and terminaltotenminal
message exchange through appropriste patehing ut
the multiplexer assembly.

The cost of sinart terminals has decreased steadily as a
result of the introduction of microprocessors: their use should
be given serious consideration by the planner.

6.4.6 Response Time Trade-Offs

Some of the design decisions to be made for a CAD sys-
tem involve an increase in response time with a corresponding
reduction in equipment size, complexity of software, and costs,
A few such trade-offs are brietly discussed below,

Data Transfer Rates. The time required to generate or
update a display is affected by the data transter rates from
the processor to the display. A standard serfal data interface

can transfer a full display of 1920 Kbit characters in 16 see-
onds (9600 bits per second), A more expensive hyte paraliel
huttered direct memory can generate - full display in 3.8
milliseeonds,

Core vs. Dise Memory, 1t is possible to reduce the core
storage requirements by having mote datn stored on dise, with
d consequent dnereuse in system response time because the duta
must he transferred from there instead of from the direct-
HCCENS COre,

Firmware vs. Software. Virmware is the term for
frequently-used routines that are programmed in a read-only
memory and exccuted much faster than if programmed in the
normal manner under processor control, Examples of routines
that arc amenable to firmware are communications 1/Q) han-
dlets that always perform exactly the same function.

Programming Language. Higherevel Lunguages such as
FORTRAN, Basic and COBOL are advantageous from the cost
and convenience standpoints during development and for soft.
wiare maintenance; however, program execution times (and
therefore system response times) are improved by programming
in assembly languuge. Object cude execution time typleatly
increases by a factor of 1.5 for a routine coded in 4 higher-
level language rather than in assembly language. Run-time
executions of higher level coded programs have even greater
execution time penalties.

Drum vs, Dise Storage, Response time van be improved
by the use of drum storage devices rather than disc storage,
but the Jarge increase in cost is not likely 1o be worthwhile for
a CAD system.

6.4.7 Future Additions to the Command and Control
System

Future additions to the command and control system
that the planner may be consideting, and that have 4 direct
effect on the design of the CAD system, are briefly discussed
below.

91l ANFHALL The nationwide emergency number 911,
as it is gradually implemented, can include a feature that
may improve incident processing time significantly. This i
Automatic Number ldentification (AN1) and Automatic Loca-
tion 1dentification (ALT). Where this interface is avaikible from
the telephone company, it provides automatic identitication
and display of the calling telephone and its location. This
information is displayed on the CBO console and automati-
cally becomes part of the incident data transferred to the div
patcher. This Teature is especiully attractive tor dispatching,
sitiee it has been determined that about 80 to 90 percent of
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incidents eeported are at the same location as the telephone
used 1o report them or within a few hovses of the telephane,
This not only suves the time of entering the dita, but simplities
the address andd jurisdiction veritication by the system,

Automatic Patrod Unit Status Update, Where patrol
units are equipped with mobile digital terminals with two-way
digital transmission, it is possible to hiave the patrol units trans-
mit digital status messages ircetly 1o the processor (through
appropriate logic und switching circuits), which updates the
status displays. This reduces the load on the dispatcher, who
no longer s to listen to voice statits messages and enter the
status chunge on the console keyboard, It also reduces the
voice channel loading. 1f the system is to be implemented at
the same time as the CAD system, or if the fleet is alveady
equipped with two-way mobile digital terminals, this reduction
in workload can be included in the system sizing caleulations,

Dirvect Data Base Queries. This is another capability that
can be provided if the patrol units are equipped with two-way
mobile digitad terminals. Through appropriate switching cir-
cuits in the command and control center, patrol units can

transtit queries directly to the remote data hase and receive
the replies directly on their mobile terminals, This results in
sipnificant reduction i dispateher work load i the dispateher
is handling these queries, and system sizing caleutations should
setlect the raduction, Where this capability is provided, how-
ever, provision is alse made tor automatic logging and printout
of any *hit" respenses; such provisions must be included in the
system desipn.

Autennatic Vehicle Location, There are several different
technigues for automatically determining the position of all
vehicles in the tleet and transmitting this information te the
command and control center, Where such a system is imple-
mented, it reduces the work load on the dispatcher by elimin-
uting the task of updating the patrol unit status file. 1t also
helps him Jocate more gquickly and efficiently the nearest unit
10 an incident.

Most techniques for automatic vehicle location require
extensive caleulations, which should be handled in a separate
processor. The planner should not expect to have the CAD
pracessor handle this additional load.




7. PLANNING GUIDELINES: PREPARING THE IMPLEMENTATION PLAN

The planner considering implementation of a CAD system
for his department will need to prepare an implementution
plan, This phun 18 a systematic way of identifying all the things
that st be done to make the new system operational, and of
evaluating the costs and other eftects of each step in the imple-
mentation, 1t may even be desirable to prepate two or more
alternative implementation plans as a busis for making a
thorough comparison of two or more different systems or
configurations of u given system.

The major ciements of the implementation plan are an
overall schedule and a funding plan, The schedule should have
at least the following major activities on it (with sub-clements
where appropriate):

(1) Precontract phase,

(2) Procurement of the system.

(3) Fucility preparation,

(4) Installation and checkout of equipment.

(5) System demonstration and acceptance.

(6) Personnel training.

(7) Maintenance.

Other items that may be required in some cases are:

(8) Agreements with other local agencies that may
be affected.

(9) Connections with remote duta bases (local, state,
federal).

(10) Time-phased implementation (some optional fea.
tures or additional capacity to be added at a later
date).

(11)  Implementation of a CAD as part of a complete
automation program for the department or agency.

The funding plan should show complete cost estimates
for all items of expense plusa breakdown of anticipated expen-
ditures by fiscal year from the start of funding 1o completion
of system implementation. 1t should also cover expected main-
tenance costs. The elements to be identified in the funding
plan are in general:

(1) The department (or other local agency) program
management office,

(2) Consulting or systems engincering support, if such
support is planned.
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(3} Procurement of equipment amd software,
(4)  Fucilities sequisition and preparation,
(5)  Logistics (training, maintenanee),

A sample implementation plan is given below (o Hlustrae
the abuve puints, It covers implementation of the CAD system
described and sized in Chapter 6, The plunner will probubly
wish 10 add more detail to the basic plan given here as un
exinple.

A CAD system is most often procured as a turnkey
system provided by a single vendor for a stated price. Never-
theless, the procuring sgency will want to specity the con-
ponents of the system,

A private finn may be vontracted to perform an
analysis of requitements, generate system preliminary designs,
and prepare specifications,

Table 17 is an equipment list for the example. Note that
monthly maintenance costs are included in the cost estimates.
The maintenance cost provides for full-service coverage
24 hours cach day and includes replacement parts, scheduled
preventive maintenance, and factory updates on the equiptment
item concerned.

Figure 16 isa top-level schedule for implementing a CAD
system, listing the major activities with their start and end
dates.

Summary costs for the complete system implementation
are given in Table 18. The elements in the table are defined
as follows:

Program Management Office,  This item covers the cost
of setting up and maintaining, within the procuring agency,
a program munagement office of six persons, This staft is
tesponsible for preparing the request for bids, evaluating the
bids received, maintaining the interface with the selected
vendor, and coordinating the CAD system implementation
with the day-to-day police operations and with any focal
government personne] involved in the implementation.

Travel, This sum is provided to cover the travel
required for consultation with departments in cities that have
atready implemented CAD systems, and any required travel to
the vendot's plant,




Table 17. Equipment Lint

. Item Qty Unit Cost, 8K Total Cont, $K Unit Monthly Maintenance Cost, §
;'; 1. CAD minlcomputer with 18K words of
e core and stendard optlons (powsr fall,
e real time clock, atc.) 2 20.0 40.0 40
;) 2. 16K word memory sdd-on modules;
i 3 aach/progessor 8 66 39.0 186
% 3, Diract mamaory sccess unit 2 40 8.0 80
= 4. Dusl CPU intarface unit 1 3.0 3.0 25
- 5. Memory protect unit 2 1.0 2.0 10
. ’ 6. Interrupt expantion chenis 2 16 3.0 1
' Communication multiplaxer 2 40 8.0 120
8.  TTY with paper taps rend/punch 1 a0 8.0 688
9.  Dual acoess 26 magabyte dix
contralier + 2 28 Mbyte servos 1 41.0 410 275
10.  Card punch {100 CPM) 1 300 30.0 182
11, Card rendar (300 CPM) ] 4.0 4.0 24
12.  Line printer (600 LPM) 1 18.0 18.0 126
13.  Magnetic tape (75 IPS, B00/1600 BP1,
9 track) 2 17.6 36.0 210
14,  Time code generator 1 s 38 26
18.  Console printars 4 1.6 6.0 40
18. CRT/KB terminsl laingls CRT) 18 4.6 81.0 540
17.  CRT maonitor {for dusl CRT consoles) B 26 226 138
18. Conwoles/radio switching ] 133 118.7 1,200
19.  interface signal conditionsr/buffer
muitiplexar {32 channals) 1 64.0 64.00 320
20.  Miscallansous cabling and cabinets 1 10.0 10.0
21.  Uninterruptable powsr systema
(U.P.S. 10 KW} 1 30.0 300 4,200
22, Modem 24K BPS 2 16 0 5
23.  Microfiche viewers 10 25 8.0 410
Equipment Totals 601.7 5,884
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Fig. 16. Oversil schedula of activities

Fuactlities, 1t is assumed that the command and control
center using the new CAD system will be housed in new or
remodeled quarters. The cost estimate includes air condition-
ing, smoke and fire detection system, raised floors to allow
cabling between consoles, computers, and other equipment,
and the required power supply and grounding system. The
changeover from the old to the new system is simplified by
having the new system in a separate facility where it can be
thoroughly checked out and the personnel trained before the
transition is made.

System  Contractor/System Procurement, This  item
covers all the costs of procuring the completely installed and
checked out system from the vendor.

Ttems Not Shown,  Some costs that must be allowed for
but for which o costs are estimated because of the wide
varfation in possible costs are:

®  Telephone equipment and teased lines required for
the new facility over and abuve thuse currently

used (duplicate costs wilt be incurred durisg the
period when both old and new facilities arc
vperating).

L] Relucation or replacement of office equipment.

&  Supplies (tape reels, printer puper and ribbons,
spare disc packs, ete.),

L Agency personnel costs in developing data flles,
training scenartos, ete.

Naturally the equipment and other costs shown here
may vary since prices can change quickly and the prices shown
are catalog prices that may be subject to discounts. The
planner will have tu develop his own estimates, and for this
purpose will find it indispensible to talk with de artments in
cities that have implemented CAD systems of theit own. It wall
be most uselul to contact cities of comparable size and having
systems similar to the one (or ones) he is considering.




Table 18, System Imalemantation Cost Bstimate

Item Cont
E 1. Program management offlce
F (n)  Sanlcr Polias Officer 30 montha X $2,000 $ 00,000
? (b} Police Officer 30 months X 1,400 42,000
% {(c)  Administrstive Analyst 1/2 time 30 months X 1,800 24,000
| (d} Communications Enginesr 30 months X 1,800 64,0L0
(s}  Data Proceming Enginest 30 months X 1,800 54,000
| (fi  Clark Typlst 30 months X 760 _22,600
: Totrl wlsries § 256,500
| Employse bansfits (30% of salery} _7.000
Total personne! services $ 133,800
1L Qftfice equipmant and supplles g,000
Total program managsmant £ 343,500
E 2. Travel $ 6,000
} Facility (upgrade) $ 100,000
4, System contractor/system procurement
d {a)  Herdware developmant and test 106,000
I (30 MM* @ $3500/MM)
(b)  Software developmant snd tet 246,000
;s {70 MM @ $3600/MM)
: {c  Fquipmant cost (Table 17 + B.month maintenane) 852,000
E id)  Egquipmant procuremant and transportetion 82,000
[ {s)  Enginesring services {24 MM @ $3600/MM} 84,000
E Training g MM
. Accaptance tast 2 MM
Phase aver + monitor 5 MM
Documentation 7 MM {equivalant)
Miscelianeous 4 MM
{f  Travel and subsistence 30,000
(s} Program mansgement (20% dirsct labor com) 87,000
$1,265,000
(h)  Contractor fixad fes (10%) 127,000
Tots! System Contractor Cont $1,392,000
Total Extimated Cost $1,841,600
6. Equipmant maintenance {per yesr) $ 67,000
*MM = man-month
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8. PLANNING GUIDELINES: COST BENEFITS ANALYSIS

The decksion by an ageney to purchuse o compiter-aided
dispateh system will he strongly influenced by un overall evalu-
atlon of costs ve. benefits, particulagly finn or “hard" benefits
that are visible to agency managers in the form of redueed
costs. We cun Tist o number of benefi that can be expected
to follow from the implementation of o CAD system, hased
an the general gouls of computer-atded disputching, which ute:

o Increase the effiefency of commund center operi-
tions by providing: a real-time capability for enter-
ing and updating incklent information, dyiinie
displays of field units avatluble for disputeh, real-
time displays of service cull backlog, nnd a fuster
means of getting supporting information to the
field officers,

e  Increuse the efficiency and safety of the patrol
officer by getting him more information in 4
timely monner and minimizing his paperwork, us
well ag the paperwork of the entire operutional
staff,

o  Provide near real-thne management information on
the patterns of crime and other incidents, on the
utilization of fleld forces, and on the general oper-
ational effectiveness of resource utilization,

Specific benefits that can be identified from the general goals
include:

(1) Improved officer safety.

(2) Reduced crime rate,

(3) Shorter response time to cltizen culls,

(4) Reduced paperwork load on field offivers.

(5) Reduced paperwork load o commul and con-
trol center personnel.

(6)  Faster and more complete information on crime
putterns,

{7y Faster atdd more complete information on patrol
turce activities,

(8} Improved utilization of field forees.

(9) Improved utilization of comtnand and control
center  personnel.

(10} Improved jnterface with the community, and with
wther agencies.

o1

Not all of these factors, and certainly not the most
important of them, can be oxpressed in dollar terms, Our
approuch will be to compute dollar vilues where possible, und
(o indicate qualitative benetits that are cluimed or huve been
demonstrated for CAD,

OF the benefits listed, items 3, 4, and 5 can be quantified,
and give some indication of the fmptoved utilization of fuwid
and commund and control center personnel, items B and Y.
Improvements it these items will have a positive effect on the
other fuctors mentioned, but the effects are difficult to quan-
tify or convert to dollur values. The impact of changes in patrol
aperations on fuctors such as crime rate and community rela-
tions Is difficult 1o measure even in carefully controlled
experiments, and too little dute exists to form a good basis for
developing trade-offs of personnel utilization vs. reduced erime
rate, efe,

Two agencies have evaluated their CAD systems and
developed estimates of cost savings; these ugencies are the
Huntington Beach Police Department (HBPDY, and a consotti-
um of three departments, including Ouk Park, River Forest and
Forest Park, fllinois, that vperates a cooperative dispateh sys-
tem { Appendix €). Summaties of their evaluations are presented
i Tables 19 and 20. Both summaries apply to CAL systems
serving populations of 150,000 (the three-department coopera-
tive CAD system serves an actual population of 92,000, but
the results have been adjusted for purposes of compurison).
The estimated savings for the threc-departinent system are
considerably higher than those for HBPD, $108,840 per year
vs., $22.920 per year, The difterence lies primarily in the est-
mated savings for preparation of unit sctivity reports: it is
assumed that setivity reports for field units are generated en-
tirely by the computer for the three-department system at o
suving of 15 minutes per report (43,800 reports per yeard, vs,
asavingof 2.9 wminutes per incident Tor the PP (47,000 inei-
dent reports per year), The higher estimate iy bt be realiz-
able in actual practice because field officers must dictate some
notes 1o a transeriber in liew of written reports, The two esti-
mates should represent minimum and maxinum cost savings
for this function. Both agencies enumerate other areas for
potential cost savitgs, primarily in the preparation ol manige:
ment reports (UCRs, incident patterns by beat, time of day,
ete.). Much ur all of the data base for these reports is ciptured
by the computer und it is relatively straightforward to
implement a report generation capability.




Table 19, Cost Benefits Anatyis for Huntingtan Besch Polios Depsrtment CAD Systam®

Systam: Single agency CAD system sarving a populstion of 160,000
Man-Hour Reduction:

1, Dlspatch oparations

Transfer compluint 77
Raviaw and sort calls 61
Record responie time 230
Enter file number B
Record status by time 360
769 hours per year

2 QOfficar report praparation
47,000 raports X 0.048 hours par report 2,176 hours per year
Cost Savinge:
1. Dispatch oparations
769 hours X $8.30 per hour $ 4,840
2, Ofticer raport preparation

2176 hours X $8.31 par hour $18,080
$22,920 per year

*Anon., Compriterized Command and Control, Huntington Beach Police Deparement,

by
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Table 20. Cost Rensfits Analysis for a Multisgenoy CAD System*

l‘ System! Multingency CAD system sarving a combined population of 160,000
3

Cost: $200,000

Savings! 1. Torminals and refophone lines. A aaving (s realized by canceling the leate an the terminal device connected
to the atate criminal justica information system; connection is mads thraugh tha AID System. Thare s
al1o 8 saving on the leased telaphone lines, ‘The lease of the tarminal device and telephone lines i
sstimated ot $260 per month par city. The cost of the AIDS telephone line in sstimated at $160 per
manth. Tha astimatad saving is:

{3 x $260) - $160 = §600 par month

2. Index cards. Many of the data itams (nams, date, tims, locstion, type of incident, incident numboer,
atalen property, etc.) which are indexsd from Incident reports for entry into & record systam are
captured by AIDS during the normal dispatch opsration. [tems not captured during tha dispstch cper-
ation are added through terminals. Procedures are provided to permit semiautomatic printing of
nams, Incident, location, end proparty index cards. The eatimated saving is:

= oe P, TR W

i {100 incidents par day) X (0.4 hour of cierical time saved per incident) X ($4 per hour)
= $40 per doy or $1,200 per month.

3. Unit activity report. The AID System prints out unit ectivity raports for sach petrol unit par B-hour shift,
This report eliminates tha need for officers to submit & hendwritten report that 8 cisrk imust type and
file, Assuming 30% of 380 sworn persannel sre required to fill out raports, the cont saving is estimated
at:
360 officars X 30% X (0,25 hour par report) X (§7 per hour) = $180 per dey ar $6,870 per month.
The clerical saving is sstimated at:

30% X 380 officars X (0.26 hour per raport) % ($4 per hour) = $180 per day or $3,240 psr month.

4, Daily log. The AID Systam prints a daily log for all activities, The estimated saving is computed as:
{3 agencies) X {2 hours par agency per day) X ($4 per hourl = $24 per day or $720 psr month,

5. Ticket lstings. The AID System genorates o listing of sll dispatch tickets as often as raquired. Estimated
saving = (3 agencies) X {2 hours per agency per day) X ($4 per hour) = $720 per month.

8. Management report. The AID Bystem prints out management reports On department activity on a daily,
weokly, and monthly basis. Estimated saving = 3 agencies X {180 hours par agency par month) X ($4 por
hour) = $1,920 per month,

Total savings for this hypothetical installation are:

Tarminels and telephona lines $ 600

Index cards 1,200

Unit activity reports 8,810

Dally log 720

Ticket listing 720

Managemant reports 1,820
$ 14,070 per month
$168,840 per year

*Based on the Automated *h*sractive Dispatch System {AIDS) for Qak Park, Aivar Forest, and Forest Part, 1llinols.
Kefarance: A.B. Carroll, et al., Computer-Atded Dispatching for Law Enforcement Agencies, Community Technology Inc.,

Champaign, lllinois,
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We can estimate the cost savings for our example CAD
system designed to serve @ population of ane million by seals
ing the values given in Tables 19 amd 20, The potential suvings
are in three main areas:

(1) Dispatch operations.
(2)  Preparation of field activity reports,
(3)  Prepuration of management repotts,

The first item accounts for the amount of time saved in
processing calls for service and dispatching fleld units. The
estimates for HIBPD are used, scaled on the basis of population:

5,122 hours X $5.74 per hour = $29,400 per year®

In addition, a small amount of time is saved for address verifica-
tion and beat number look-up. An estimate of 8 seconds per call
has been made for this function based on studies of the Los
Angeles PD operations, For one year of operation:

B11 hours X $5.74 per hour = $4,650
The HBPD value of 2.9 minutes per incident reduction in
field officer time for incident report generation s used for
item 2.

14,120 hours X $9.75 per hour = §137,700

'This savings is reduced, however, because of the added cost for
transcrlbers who receive the telephone reports from the field
officers:

*[abor tates used are hased on HEPD,

8,077 hours X §5,74 per hour = $46,400

leaving u net saving of $91,300 per year,

Management reporting at HBPD requires approximately
40 hours per week. It is estimated that onealf this time can
he saved by a computer report gencrator, For our city of one
million population the comparable saving is:

6,930 hours X $5,74 per hour = $39,800 per ycur

This glves total savings for all three items of:

Savings per year

(1)  Dispateh Operations $34,050
(2) Field activity reports 91,300
(3) Management reports 39,800

TOTAL $165,150

Over a S-year period, these savings amount to:

$165,150 X 5 = 8$825,750

This saving compares to our implementation cost estimate of
1.84 million dollars, If the higher value of cost savings for
item 2 were used, based on the three-department cooperative
CAD system, the total S.year savings would increase from
$825,750 to over 3.9 million dollars.




APPENDIX A

PARTIAL LIST OF COMPUTER-AIDED
DISPATCH SYSTEM DESIGN AND EQUIPMENT
MANUFACTURING COMPANIES

Kustom Data Communications, Inc.
1010 W, Chestnut
Chanute, Kansas 66720

Motorola, Inc.
1301 L. Algonquin Road
Schaumburg, Minois 60172

General Electric Co.
Lynchburg, Virginia 24502

PRC Public Management Services, Inc.

7798 Old Springhouse Road
McLean, Virginia 22101

Boeing Computer Services, Inc.
P.O. Box 708
Dover, New lersey 07801

System Development Corp.
2500 Colorado Aveaue
Santa Monica, California 90406

Public Systems, Inc.
1137 Kern Avenue
Sunnyvale, California 94086

E-Systems, In¢.
Garland Division
Box 6118

Dallas, Texas 75222

Sunrise Electronics
P.O. Box 163
Farmingdale, New York 11735

-




»

Bt
1
3
1
-
; .

RO WIE T

1
V

LI LR T

i

APPENDIX B

HUNTINGTON BEACH POLICE DEPARTMENT COMPUTER-AIDED DISPATCH SYSTEM*

1. introduction

The 1IBPD services  rapidly growing city in the Crange
County metropolitan area of Southern California, Its popula-
tion in 1973 was 150,000, approximately 10 times greater
than its 1960 population. Huntington Beach has a large daily
influx of people during the summer months, so that the popu-
lation actually served by the Police Department may be dou-
ble the number of residents, The city covers 27 square miles
and has relatively few topographical features that impede
communications with its mobile fleet of 22 units (average
deployment).

The HBPD received 57,000 calls for service in 1973, Two
dispatchers and one complaint board operator are normally on
duty to handle these calls and control the mobile units.

2. Computer-Aided Dispatch and Mobile Digital
Terminal System

Huntington Beach recently installed and placed in opera-
tion an advanced computer-sided dispatch (CAD) and mobile
digital terminal system. This system has proved highly satisfac-
tory in operation, and is described in some detail to acquaint
the planner with its characteristics and capabilities. A scenario
depicting the sequence of events and dispatch and status dis-
plays during an incident (in this case, an armed robbery) is pre-
sented to better illustrate the operational procedures of a CAD
system. A layout of the fucility is shown in Figure B-1; Fig
ures B-2 - B4 present details of the operator stations and
microfiche unit,

The compuier aided dispatch system consists of a computer
and keyboard/CRT terminals which enter, store, und display
information relating to the incident, the status of the mobile
units, and actions taken by the dispatcher to service calls. Hard
copy ptinters provide permanent records of all transactions.

The mobile units are equipped with Motorola MODAT dig:
ital terminats through which the ofticer can indicate his status:
Available, Enroute, At Scene, Investigating, Returning to Sta-
tion. Mobile teleprinters in the mobile units receive dispatches
and other information normally relayed by voice. Putrolinen
make all other transactions by voice. The MODAT unit is
shown in Figure B-5.

this Appendix on computer-aided dispateh,

When a citizen phones in a complaint, it is taken by a com-
plaint operator, who types in data al o CRT/keyboard, The
duta enter the main computer, which creates an incident record
for that incident. The address and intersection are sent via
phone tines from the police computer to a central computer
located at the city's Data Processing Department; the latter
computer contains a geographic file, including beat number
for the location. These data are sent back to the police
department for display on the dispatcher CRT screen.
The status of units assigned to the identified beat
is displayed on another screen. The dispatcher assigns
a unit, types the data into a computer, and notifies the
unit by voice-fadio. The computer simultaneously sends
a digital message to the unit's teleprinter, giving dispatch
data about the new incident and historical data obtained
from the geographic file,

Each unit has a status terminal which permits the patrolman
to send a change in status, via digital radio, to the police
department computer. The computer maintains an up-to-date
table of the status of each unit.

The HBPL has incorporated silent alarms into the CAD ina
unique manner, 1f a silent alarm sends a signal to the police
department, the computer sends a canned message of data and
advice to the units assigned by the dispatcher. The Huntington
Beach Police Department has linked its silent alarm system to
the CADand to a microfiche file. Alarms show up itmmediately
on dispatcher consoles. In addition, the microfiche file con-
tains location, interior and exterior layouts, aerial photos, loca-
tions of protection devices, and highway blockade pusitions
of each alarmed site. A dispatcher can study the fiche display
and guide a patrolman via portable radio to a particular luca-
tion (see Figure B4}

Requests for data base queries are given by voice-radio to
the dispatcher by the mobile unit, The dispatcher enters the
request (e.g., vehicle license number) by keyboard, and the
pulice department’s computer sends the request to the remote
data bases. Responses from the data bases are displayed to the
dispatcher, who relays the data to the mobile unit by
voice-radio,

Operational data are captured by Huntington Beach tor
management reporting purposes. Cutrently, the daily logs of

*We wish to extend our appreciation to the personnel of the Huntington Bewch Potice Department for their assistance and cooperation in preparing
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incidents are typed out sutomatically by the computer; how-
ever, detalled management repotting will not be placed In
aperation {or about a year,

3, Radio Systam

The 1B recently installed a UHF radio system consistent
with the county-wide police rudio plan (Orange County). The
caunty allocates the frequencies for all police departments in
sccordance with a master frequency allocation plan, The police
channels are in the 455 - 460 M1lz runge.

The channel assignments for the HBPD arc shown in
Table B-1. The Orange County communications net provides
intra-county links and access to the California Law Enforce.
ment Telecommunications System (CLETS). Through CLETS,
data base queries can be directed to person wants and war
rants, stolen vehicles and Department of Motor Vehicles files
at Sacramento, and to NCIC and NLETS, The Orange County
Criminal Justice Information System also can be accessed on
this frequency.

One base stadon transmitter site is connected by land line
to the command center. No satellite receivers or microwave

links are employed. Five portable radios are used per shift.
4. Example of a Computer-Aided Dispatch

An example of a computer-aided dispatch was conducted
by the HBPD to demonstrate the operational procedures they
have developed to utilize this new capability, and to fllustrate
the sequence of CRT displays and formats used by the com-
plaint board operator and dispatcher in handling the {ncident.
The CRT displays are perhaps the nost important feature ofa
compuler-aided dispatch system because the operators enter
and reccive all necessary information from these displays;
cards, status boards, conveyor belts, and other traditional dis-
patching aids are eliminated. All activity now focuser on the
CRT displays.

ANl inputs to the CRTs must be cntered via keyboards.
Some information is entered by the operators as the incident is
being handled: other information has been loaded into the
data files prior to the incident and is recalled by the operators,
or aufumatically by the computer if it relates to the current
incident. In a sense, this procedure is a “new way to run the
railroad,” and requires some reotientation on the part of
operations persunnel,

The process of entering all data into the computer system
via keyboards gives the CAT) system a major advantuge in that
data refating to all incidents and field torce operations (activi-
ties, times. allocations of ¥orces, incident rates, and locational

patterns) can be pracessed automatically by the computer and
printed in convenient seports for use by operations and man-
agement personnel. Ultimately, CAD should contribute to
mote efficlent use of manpower and mobile forces, enhanced
officer safety, reduced workload on operations personnel, and
hetter management reporting becuuse of reduced clerical work-
load and time Involved in statistical report preparation.
The degree of the advantages offered by CAD systems hus
not been established because of tne newness of the innovation,
but the potential is evident.

The HBPD has identified a number of advantages offered by
CAD, primarily relating to the reduced workload for entering
and capturing data concerned with operations. These time
reductions include:

(1) Recording incident response times

(2) Entering file numbers

{3) Typing radiv logs

(4) Updating unit status

(5) Recording unit status

(6) Enteting complaint information

(7) Transferring complaint data to dispatcher

(8) Sorting incidents by area and priority

(9)  Patrol unit status change (by patrolmen)
(10)  Writing dispatch information (by patrolmen)

Tabls B-1. HBPD Channel Assignments

Channet Bawe Frequency,
Nasms | Number Ums MH2
Grasn 1 Local voice channel {ditpatch- | Duplex, 460.1

ing plus digital status)

Orange 2 Tactica) frequency linking Duplex, 4604
other departments in that 4802
part of Orange County

Blue 1 County: dato file {provides Duplex, 460.5
fink to state data files
through CLETS)

White 1 Logal car-to-car without Simplex, 466.3
repeatar
fHed 1 County: broadcast Duplex, 460,025

Simplex, 512.65

1 Digitat {to teleprinter)

:
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los these functions, CAD is estimated to 1equire 550 man
hours per year versus nearly 4000 man hours per year for the
ald manual system,

Before studying the sample incident shown in Figure B-7,
the reader should review the CRT format definitions given in
Figure B<6. Format (a) is available to the compluint board
operator; formats (b) and (¢) are displayed 10 the dispatcher.
fiuch has a keyboard to enter data into the system with the
aid of preset formats that are called up on the screen to mini-
mize operator typing workload.

The sample computer-aided dispateh described in Fig
ure B-7 simulates an armed robbery. The scenario focuses
on the procedures used by the operations personnel in
dispatching and controlling mobile units assigned to the
incident,

In the command center, the complaint operator s one
keyhoard and display for entering the citizen's call for sevice,
‘The dispateher has a keyboard and two displays and operates
a radio console. (ne display shows the status of the patrol
Neet, the other has variable formats for incident smnnuaries,
and incident disposition and other special repurts,

In Figire B-7, column 1 describes the events in the robbery
and column 2 the complaint writer’s activitics. Column 3
shows the changes in the incident display screen as the event
takes place, Column 4 desctibes the dispateher’s activitics, and
columns 5 and 6 show the dispatcher’s status and incident
screens. ‘The manner in which information is entered and
tetrieved from the display screens by the operations personnel
is clearly demonstrated by this scenario,

POLICE BUILDING
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Fig. B-1, Muntington Beach Polica radio system




Fig. B-4. Microfiche data file

Fig. B-2. The HBPD command and control console

COMPLAINT CLERK DISPATCHER DISPATCHER COMPLAINT CLLRK

LETTIR I I e | R ] &1 (¥ fite - —
THAY . . \ . TRAY
WoTAnTl|| ©R7 CRT CRYT limATIG CRY CRT ImAmio {|fiRs TANT TRSTART
RECALL » IMeontiogf] mcko- 1| Jleontron filre can LIRECALL
I‘ICHI il Sl ety TLmn L TART = STy
[s88ss HEH| . . 1
Lo CALL CALL ki ] T "
PLOLSTAL DIRE CTOR mureeToR| STy DIREETOR oy g 4 TAL DIRE T TOR
(#j L,—J l‘.mTATUS k) k )
S
HCABENT

HARI COPY PRINTTRY

Fig. B-3. Cousule layout
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. Complaint ¥otry Display

Fines 5 ane wwd for debanled tormiatien ttl
in by the operatar and hweones part ol the
peronnent computet revond, whwl woaulir
neically trosimnted e ad displayed on the
dispateliers meilent CR1. Lines 649 and 10-1 3
are duplivate complaint entry formats, Lines
14-24 indicate the complaints, m o oidel
secemvd, enteral it the syatenn, Fhus informa-
tiorn iy dupheated at e dispatcher’s viddent
CRT,

b, Status Display

Car numbers ccarresponding 0 car Avpest e
displayed under appropriate headings of AVAILL-
ABLE. FNROUTE, AY SCENE, INVESIL-
GATING, RETURNING TO STATHON, UL,
Fhis information s entered directly from the
vehicke vin the MODAT mobile data system.
Where applicable, the case number to which a
velicle tus been assiptied is displayed nest o
the vehicle. ihe wpper right-hand cormer dis
plays the backlop of wnassigned mcidents per
beat, Line Y shows unit 3A2 requesting @ ar
stop cheek, Line 3 indicates that 313 has not
been assigied to g mobile unit in e computer
files, Eine 4 indicates which mobile wnmts are
triamitting emergency messages. Line § s
nthet cars transimitting messages. Line o is the
automatic 1 number which appears wheneser
amohile wnit wses voice-radio.

¢. Dispatcher Incident Display

A computer-insigned incident pumber appears
an Line 2ty wellas titne reveived, nearest street
al applicable), Apl. No., reporting ditiet. I
Box No.,oand Beat No, Lines 3-8 indicate te
name and phone pumber of the person eport-
g the incident, the anites) assigned (o the aingi-
dent, and the type, code, promty code. and
deseription of the meident. Lmes J0-42 i
eate assieied but wsresalved moedent s, with the
frcrlent code om Line % Lhe botiom partion of
the sereen displays anabbrevated version ot
the top portion vl e soreen unassigned -
dentts, type code, time feceved, addiess, inter-
sk skreet, peport g distuct.

TN R AN )

o

Fig. B G. CRT desplay formats
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EVENTS LOG

At 8:00 am,, January 10, 1878, twa man antar
a housa at 2003 Main Bt,, threatan acgupant
with a handgun, ond taka calor TV,

1 At 8211 a,m,, nalghhnr calls polies ramplaint
writer and sayf rabbery I prograss,

ACTIONS

BURROUGHS 2500 TRANSACTIONS

Veritles address, provides cross straets,
reporting districts, and beat and gives arrest
warrant, emergency mudical, gun ragistrent,
narcotic ragistrant, and sex registrant informa-
tion at that location an complaint writer's
scroen, The response usually returns within

8 sec, so that the complaint writer can ask the
informant for additional data if the computer
reports the address as invalid,

Patralmen in cars 2C3, 2653, 2AJ respond to
call.

9 Patroliman sand digitel *‘enrouts’ messages ta
dispatcher,

SN B IS

ook

ALITY

PRECEDING PAGH BLANK Nop FILMEDL

Fig. 8-7. Armad robhery

incident handled hy

computer-sided dispatch

FOLDOYZ ERAMH

2 Immadistely puts eall an misraphgne to

digpatehar, 8he kays addrans of incident into
her dispiay, than trankmits it to Bueroughs 2604
computer for addrass verification, 8he contingas
to kay in informant's name, addrase, ghane
numbar, and case description; transmits case 1o
dispatchar, §he asks informunt o ramaln an
tine, Informam provides har with description of
suspacts (Saiean Al

Case roappoars, shawing crouw struats, Other
tilas negative, Complaint operator transmits to
dispatcher (Screen B).




ACTIONS

3 Alerts all cars by veien ta rabbery in prograss At
2003 Main gr,

Cuse appeors on dispatcher’s incident scroan
{&creen C).

7 Assigns 2C3, 2653, and 2A3 to this case,
Priority 2 {Screen D), She transmits assignment
to teleprinters in all cars {see below}, The
printers retype the case with suspects’ descrip.
tions, The incident screen shows that the
assigniments have been received and acknowl-
edged (Screen E}, She also acknowledges the
"enroute’ message, st which time the PDP
17/20 changes tha status screen for these
cars from "uvoilable” to “enroute,” with the
case number 030 by each car (Screen F),

CAR TELEPRINTER MESSAGE SENT
BY DISPATCHER TO PATROLMAN
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STATUS DISPLAY

ORIGINAL PAGHYS
R POOR QUALM

ol EENE
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EVENTS LOG

‘ At 0: 14 an,, tha infarmant tells the eamplaing
writer that the robbars ars leaving the house
and antaring a car, Bhe sayx she's going aver 1o
help her neighbare and hangs up, Gar 2A3
AFFIVER 4T RORNA; RAPK tWR INAN INAVE GeANR 1D
biue 1972 Ghavralet secdnn, with largs hax in
raAr aaat, Patrolman raports 1o dispatahar that
ne

a, Arrived at seonn (digital mossage)
h, Seen sunpeets and car naving sesae head-
ing narthward {voich message)
Ha dacides to puraue vehicle and by volce
reLuaNts Othar cary to assist him,

‘ Units 2C3, 2883 arrk, 4 at scane to interview
victim and send *'at acena’ digltal messags,

1 Units 243, 2853 stop suspects’ car at intursece
tion of Beach Blivd, and San Diego Fresway,
2A3 sends digital message “'request vehicly
stop’ to dispatcher and gives vuhicle licanse
number to dispatcher,

1 Patrolman in 2A3 finds TV set in car,
He arrests suspects and retyrns to
station to book them,

‘ 8 Patruiman in 2883 calls dispatcher for a tow
truck; makes g Stolen Property Report on TV
set, makes Vehicle Impound Repart; waits for
tow truck; then returns TV to owner,

2 Tow truck arrives, Patrolman in 2853 has
driver sign Vehicle impound Report; gives him
a wupy. 7A3 sends a digital message “to station,’’
when he arrives at statlon,

21 2C3, 2853 complete vietim Interview and return
to puteal, Each sends avsilable® status
messsge.

ACTIONS

LS I

Transfars Infarmant's latagt infarmatian o
dispatenar hy vales,
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\INT WRITER [ow A
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INCIDENT DISPLAY ot " ACTIONS

i

(L)

1 [ispatchor anters nay infarmatinn, Snnds
rigital message tn all cavs: "Two suspncs in

1672 bius Cheviolat sadan olseryar lsaving
2003 Main Bt., narth-heund,” The dispateher
eantagty Qrangs Caunty Communications by
valga land ilnm, The Qrange County oparatar
alarts the Sheritf and local palice foreas in
jurisdiotions sdjacent 1o Huntingtan Beach hy
voica radie (red traquancy) {Seroan G),

1 Blupatcher scknowledges * : ycene™ mussage.
Status display new shows 243, 203, ond
2083 "ot scene” (Screen H).

16 POP 11/20 brings u2 'vtalan vehicle system”
format, Sends telatypa to CLETS. Return
shows vehicle not stolen {Screen 1],

l 9Dilpntcher calle tow truck to meet 2853 at
Baach Blvd, and San Disgo Fraeway.

2 2 "To station” and “availabie” status mussages
appear on sereen [Seeeen J),
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EVENTS LOG

COMPLAINT WRITE

R

2 3 2A3 dictates Arrast Raport in station houss to
transar lRing sactian, The transeribar antera
report fram her keyhonrd In the format shewn
on the dispatcher Incldant scraen,

2 5 2A3 returns to street; sends digital "available”
message,

10LOOYR ERAME |

ACTIONS

INCIDENT D
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ACTIONS

2 4 Blank (Berean KY and compieted sarasns for
cane clearance re 20rt for antry imo pollce
¢ata fila in Burraugha 2600 camputer
{8erean L),

2 6 Al three cers assigned to éase 30, 2A3, 2C3,
and 2653, again avallabla for assignment as
shawn on status scregn (Screen M),




STATUS DISPLAY
KEY TO CASE CLEARANCE
REPORT SCREEN

(] 7400101 Permanent file case number

c 02100 Classification (first-degree
robbery)

T Theft

Q 3 22 Daytime {Wed., 2200 hr}

L 80 Location (code for single-
family rosidunce}

E o1  Entry {code for front door)

W 12 Weapon {automatic)

v 27213130 Vuhicle (2, suspect
vehiclg; 72, yeor of vehicle;
13, code far Chevralet; 1,
code for gedan; 30, code
for blue)

P F300 Property {F, code for TV,
300, approx|mats valug in
3

R F300 Praperty recovered

M Modus operandi

X Research flgld

c 2  Clearance (2 indicates case

cleared by arrest of aduit}

v

v -

KL Pl ok
o




APPENDIX C

|

Three adjoeent suburhin ¢connmunities in Dlinois, in the
vicinity of Chicago, recently installed a coopesative CALY sys-
tem tor use by all three police departments, The cities involved
are:

. ®  Ouk Park, population 62,500,
: L River Forest, papulation 14,400,
| . Forest Park, population 16,000,

The system was designed and installed by a firm in Champaign,
iinois (Community Technology, nc.) and began daily upery-
tion in April 1974, It is known by the trade name of AIDS
{Autonated Interactive Dispatch System),

Figure C-1 shows the configuration of the system in a
simplified form. Note that it mterfaces with the Ylinois auto-
muted law enforcement data base (LEADS, Law Entorcement
. Apencies Data System) and with the NCIC, through the AIDS
| compiiter,

AMULTIPLE JURISDICTION COOPERATIVE COMPUTER-AIDED DISPATCH SYSTEM

Figure C-2is 0 mere detaited block i of the Oak
Tark alispateh center, where the CAD compiter is locatad,
showing also the interfives with the River Foiest and Forost
Park dispitch centers, Note that each of the depatiments S
two dispateh positions with display und Keyboard, Only the Ouk
Park deparoment has o separate complaint operator atd i spece
wl display position for the chiefl, enabling hine 10 view any of
the othier active console displays,

As Figure C-2 indicates, the heart of the system is 2 Data
General Nova minicomputer with 24K words of core storage
phus its loader, restart device, and clock. The disk storage is a
unit with a capacity of' 28 million characters. Magnetic and
puper tape drives are fnclwded in the system, along with a
printer for general-purpose output (rom the computer, This
is not the printer used by the dispatchers; the diagram shows
that each department has a printer assovigted with the
dispatehing  consuoles,

g‘ AL PARE SAb OAK PARK
PONICT POLICE

N

PRECEDING PACE BLANK NOT FiL
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FOREST J— ‘\/\/\‘
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Fig. C-1. Comimunication system
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Fig. C-2. Oak park systam block dingram

The consoles have single-screen displays. Each screen is
divided into four areas, There are 24 lines altogether in the dis-
play (with up to BO charscters on each line), allocated as
follows:

Line I - 1t Incident record® or responses
from LEADS or NCIC.
Line 12 Queries to LEADS or patrol unit

status update or NCIC,

Line 13 - 21 Unit status table or incident
status table,
Line 23 - 24 Messages from the CAD system

or from vther operators,

*In this system an incident record is called a dispateh ticket.
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Figure C-3 shows the alternate forms of the display, The
operator can call up either type of mlormation to the display
areu reserved for jt, but with one sceeen hie cannot have on view
at the same time, for example, both the incident status table
and the patrol unit status table,

The keyboard is illustrated in Figure -4, It consists of an
ordinary typewrner keyhoard plus special function keys shown
to the left and right. The keys on the left are editing keys tor
positioning the input and adding ot deleting single characters
or entries, The keys on the right are dispatch function keys with
the functions listed £ Table C-j.

The operation of the system is summnarized in Table C-2,
which lists all the entries on the incident recond {with numbet
of characters alloted to each) and shows the source of the cnlry
in each case. The important paint to be noted is that the sys-
tem itself automatically provides many ol the entres with no
intervention required by the operator or dispatcher. Senal
numbers, dates, and all times are automatically entered by the
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Fig. C-3. Display formats
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;’ AUTOMATED INTERACTIVE DISPATCH SYSTI M

Fiy. C-4. Automatad intarsctive dispateh systum: Koyhoard layout

Table C-1. Funution ey Operations

Kuy Functan
EVENT Generites a new Jispratch ticket tor an inéident, given a location and (optional b mcademt code.
TICKET Hecalls and displays s ticket given the ticket number, T is used with the STATUS ey to display the tioket status
filu.
UNIT Alters the status of a patrel unit, given the patiol unit numbaer, s status code, st possitly some othe data depend

ing on the code. Used with the STATUS key to disglay thir uni status file.

STAaTUS Used as indicated above to digplay ticket and uigt status tables. Also used with the 1 FADS key to desplay rceent
trathic with the LEADS system,

LEADS Fotmats and transmits messages 1o the LLADS computer. Used with the STATUS key, as notid, 1o disiay
LEADS mossigos,

PHINT Causes dispitch tickets and | EADS messiges to b printed ont,
HILE Assigns documoent conteol numbers o dispateh tickets,

MEMO ey forms amitedd messange switchiony betwoenn cansoles,

CLEAR Cloans the dhisplay sereen
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1 tdormation Providad hy:

. . All) Sompimnt | Dupatch !

Fivied e Systum | Oparator [ Opirato Nt
1, Tieket numlan b X
2. Continl nuilyg 3] X
3. Dt ! X
4. Time X
B, Lneabent code 4 X i
G, Incdent b X P
1. Locatin 24 X \
8, Zon 4 X 4
O, Departmest ? X
1) Galler 1 X
11, Victim 24 X
12, Acledruss 24 X q
14, Tueluphone 1 X 4
14, Unit assigned 4 X i
1h, Ofliews 4 X
16. Zone respenulung 4 X 1
17, Tune assighed 4 X
14, Timtarnived 4 X
1. Time completed 4 X
20, Dhsposition 3 X 1
21, Assisting units Kl X 1
22, Rueceived Dy 4 X
22 Dispatched by 4 X
24 Notes 216 X 4

Tatdo €2, Tickot Finlds

Notas: 1 For covyenionee, these fickls ore filled by the sysiem
with information obtaime! trom the operator expiesslty
for this purpsose,

2 The idormation for this beld s detenmined from the
incident code, 1 one 15 supplied, Otherwise, it must [y
entered manuaalily by the operatat,

3 The information ia this freld s infoned . Gom the
lacation,

4 When Autoimatic Number Identificotion (AN or Auto
matic Location ldentification (ALT capability brecomes
availibie through the telephone systens, thess fividy 1y
also Le automatically filled,

MASA B tom T A Lok
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eomputer, On e G the type ob nwdent s enateted by the
compiter ob the Base of the dedent code etitered by he
spetitor, e zone v determmed by e computer on e P,
of e e piven, amd the departiment @iy e abo entered
antonmtivally, When the ispatcher assgpe 0 patiel an the
annt mnnber oentered i dne mesdent record and ar e sioe
e the it statos vecond oupsbateds The 1ol the peeon
receving the vl Geomplat operdtor onsdspzichesy moentened
by the compater hony s peeantiel sosiercisane e pames of
the ol treers (o1 otticer) m the patiol unnl assipned. Hie cone
puter nedntins the link between the mevdent and the vl
assgpnedl, and makes the appropiate enties antomatically.
Fhus, whien the wnit weports avivai o the seene, the time of
antival is autematicaly eptered wothe inerlent record when
the dispateher updates the unmt status file. The same eocun
when the incident is chosed.

The eonsle apetaton thus pukes vintually no enties di
teetly T the s adent recond onee the inital Tasie mfonnation
Jias Deen entered (whether by the complnnt operator o by
the dispatcher ditectly )l By updintitg the status tables, he
causes the tequited information to be entered atomancally m
the incident recond,

Queries 1o remote data bases (FFADS amd NCICY e
ertered ditectly on the dispateher’s consele, and the 1esponses
can be displaved there as soon as teceived tathoagh they are
printed vut on the printer inany casel. The computet auto.
watically prepaes queries in the cotrect fonmat Tor the system
being queried: this sives many uasuecesstul attenipts eesultng
from trivial Tormat enorsin the query,

The system keeps a tinte-ondered file of all events known
to it and all messapes tansaitted o received over the Taw
ernforcerient informalion netwomk are ulso reconded. Flns com-
plete ile s used as the soutee for mmt acnvit: jeports and all
statistical repotts imchuding the Uniform Crine Repaoris,



