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PREFACE

This document presents results of work supported by the Law Enforcement
Assistance Admimsiration, U 8, Department of Justice, under the Ommbus Crime Con-
trol and Safe Streets Act of 1968, as amended. It was sponsored under an inter-agency
agreement with the National Aeronautics and Space Admunistration through Contract
NAS 7-100 Ponts of view or opinions stated in this document are those of the authors
and do not necessarily represent the official position of the U.S. Department of Justice

’ Preceding page blank




FOREWORD

Cooperative systems are valuable because they bnng advanced technologies such as
computer-gided dispatch and digttal communications to the smaller cities who mdivid-
ually could not afford them, and because significant savings in operational costs can be
reahzed through the shared services and facilitzes.

Tius book has been prepared and distributed to provide publc safety planning
personnel with a compact source of information on one of the most important aspects of
police command and control automation, namely mulii-community command and con-
trol systems.

This volume 1s cne of a senes prepared under the sponsorship of the Law Enforce-
ment Assistance Admunistration (LEAA) to provide planning pmdelines on the various
aspects of police command and control automation. The complete series consists of the
following documents

Title Document No,

Application of Mobile Digital Communications JPL SP43-6 Rev. 1

1 Law Enforcement
Apphcation of Computer-Aided Dispatch JPL 5040-16

m Law Enforcement
Apphcation of Automatic Vehicle Location JPL 5040-17

in Law Enforcement :
Patrol Force Allocation in Law Enforcement JPL 5040-18
Multi-Commumty Command and Control JPL 5040-19

Systems m Law Enforcement

The sertes was prepared by the Jet Propulsion Laboratory of the Cabifornia Institute
of Technology, using the results of studies sponsored by LEAA at JPL as well as at other
institutions. The documents are being distributed as part of LEAA’s nmussion of giving
technical assistance to state and local law enforcement agencies. They are addressed to
the local law enforcement planner who must face practical working problems in deciding
what degree and kind of automation best suits his department. Our intention has been to
give him the basic understanding he needs to make such a decision, and procedures for
making the associated analyses or having them made. The manuals are developed within
the framework of the overall command and control system so that potential benefits of
individual innovations can be evaluated i terms of improved system performance.

The technologies that are avadlable to law enforcement agencies today have the
promise of making 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 promuse
1s and what is involved in makang it a reality.

8. S. Ashton, Ir.
Systems Development Division
National Crimznal Justice
Information and Statistics Service
Law Enforcement Assistance Admunistration
United States Department of Justice
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ABSTRACT

A set of planming guidelines for multi-commumty command and control systems in
law enforcement 15 presented. Essential characteristics and applications of these systems
are outhned. Requirements analysis, system concept design, implementation planning,
and performance and cost modehng are described and demonstrated with numerous
examples. Program management techniques and joint powers agreements for multi-
community programs are discussed in detail, A description of a typical multz-community
computer-aided dispatch system 1s appended.

This document 1s one of a senies of five gurdeline manuals on mobile digital commu-

nications, computer-azded dispatch, autormnatic vehicle location, patrol force allocation,
and multi-community command and control systems for law enforcement applications.
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1. INTRODUCTION

Several recent technical developments have made possible
significant advances in police command and control operations
{and those of other emergency services). The rapid advances in
sohid-state electronics, especially integrated cireusts and associ-
ated digital devices, have led to general availability of powerful
computers at drastically reduced prices and to the whole spec-
trum.of digital communications.

This series of documents has been 1ssued to summarize
the current state of such developments as they apply to police
command and control and to assist police department planners
in determimng how best to apply these new technologies to
their own needs This document is the fifth in the series, the
complete series consists of the followmng:

Title Document No
Application of Mobile Digiial JPL SP43-6
Communications in Law Rev. I
Enforcement
Application of Computer-Aided JPL 5040-16
Dispatch 1n Law Enforcement
Application of Automatic Vehicle JPL 5040-17
Location in Law Enforcement
Patrol Force Allocation in Law JP1, 5040-18
Enforcement
Multi-Community Command and JPL 5040-19
Control Systems in Law
Enforcement

The preceding documents have considered particular
aspects of new technology apphed to pohce command and
control The purpose of this document 1s to discuss these tech-
mgues as an nterrelated set making up a new type of police
command and control system Theadvent of the 911 emergency
number in all junsdictions over the next few years will create
a requirement for certan new procedures and techniques, and
constitute a natural base for planming a completely new and
advanced system.

Although computer-based systems are much less costly
than a few years ago, they are still beyond the reach of most
small police departments. A solution, to this problem has been
found by a few departments that are part of a cluster of con-
tiguous jurisdictions on the outskirts of a large city, Three
Chicago suburbs (Oak Park, Forest Park, and River Forest)
have combined to set up a computer-arded dispatch facility

that services all three departments without 1n any way himiting
their independence. A similar system 1s being implemented for
seven contiguous cities 1 the Los Angeles area (El Segundo,
Manhattan Beach, Hermosa Beach, Redondo Beach, Palos
Verdes Estates, Gardena, and Hawthome). This document 1s
addressed partrcularly to planners in departments whose size
and location make 1t possible to consider sumlar arrangements
with neighbonng jurisdictions. The details of existing multi-
Jurisdictional systems are described to give a ciear 1dea of what
such a system looks like and how 1t operates, Present indica-
tions are that it can effect significant savings in operating costs
for all the participants.

The term police command and control is used n these
documents in order to bring out the fact that police opera-
tions are of essentially the same nature as other command and
control operations such as the mbitary, public ntititzes, transit
systems, and other systems with rapidly changing demands
that require frequent decisions about the allocation of
resources. The elements of any command and control system
are

L Determuming the need (e.g , calls for service)

e  Determining the status of the resources (patrol unit
status)

® Deciding what resources are to be apphed (dispatch
decisions)

®  TIssumng the necessary command (dispatches)

®  Monitoring and supporiing the operation (com-
mumications with patrof unit)

It 1s important to note that command and control is not
synonymous with communications. A command and control
systemn includes, i addition to the communication hiks, the
data bases where incident and patrol unit status data are stored,
the procedures for handling and storing the data, the proce-
dures for arniving at field unit dispatch decisions, the displays
used to present data fo decision makers, and the personnel and
procedures for exercising general control of the operation. In
automated systems, a computer and its related equipment are
essential parts of the command and control system

The previous documnents 1 this series have indicated i
each case the need for a requrements analysis as a basis for
planning implementation of a new technology Such an.analysis
1s even more necessary when an mtegrated automated command
and control system 1s bemng planned, especially if 1t 1s tobe a



multi-community or multijurisdictional system. The system
must be analyzed as a whole, taking mio account the inter-
actions of all the elements In general, the elements of a com-
plete automated police command and control system would be
the foliowing

® A computer-aided dispatch system.

®  Digital communications with patrol umts, mcluding
mobile digital terminals m the patrol umts (and,
possibly, digital portable radios).

®  Theinterface with remote data bases (DMV, NCIC)

®  The interface with the 911 emergency number
system.

] Automatic number indication and automatic loca-
tion indication of the calling telephone (planned as
part of the 911 system).

. Computer programs to ard m the daly or longer-
term allocation of patrol forces and in the analysis
of crime or incident patterns for law enforcement
management purposes

This st does not include the radio communication links
that are assumed to be available, although reallocation of the
channels may be necessary Automated equipment can help in
the management of channel capacity, however, for example,
by dynamuc channel allocation techniques

Many advantages are offered by cooperative, multi-
commumty or multijurisdictional command and control system
implementations

L Significant savings can be made 1n operating costs,
most particularly mn personnel costs

®  Savings in procurement of both capital equipment
and mmplementation costs because one system is
being designed and put into operation, ntot one for
each separate junisdiction

e  Radio channel crowding 1s especially troublesome
i the case of several adjacent but separate radio
dispatch systems A combmed computer-aided sys-
term helps relieve this congestion 1n two ways

(1} Al the channels of the departments can be
managed as a common resource, resulting in
efficient allocation of this resource, and

(2) Converting a portion of the message traffic
to digital form reduces channel congestion
for the same voliume of messages.

¢  Federal funds to subsidize upgrading of local police
cornmand and control systems are usuaily easter to
obtain for such joint or cooperative systems. It may
be dufficult for a small department to obtain such
funds as an mdividual applicant.

Service to the public can be mmproved m a number of
ways.

Improved Dispatchung.  With promptly updated status
always immediately visible, mstant access to alf required files
1n the computer, and automatic imput of all routine data (time,
data, ID’s etc } by the computer, the dispatcher can process
dispatches faster and more accurately.

Use of Resources.  With the status of all forces of the
cooperating commurnities on view at a central location, these
forces can be allocated in a more efficient manner and can be
mobilized to handle crossqurisdictional incidents more
effectively.

Response to Calls.  With an Automatic Call Distribu-
tion System to allocate incoming calls to the next available
operator, calls can be served in the sequence of theirarrival
and answered more rapidly because the telephone answering
resources have been pooled.

Cuall Processing.  Taking of incident data by the tele-
phone clerks s made faster and easier by the keyboard/CRT
procedure Routine data is handled by the computer, and
mformation given 1s checked for vaiidity (especially addresses)
With the automatic number/location identifier feature of the
911 system implemented, location and telephone number can
be entered automatically The address verification function of
the computer will also automatically indicate which police
department has jurisdiction over the location of the incident.

Reduced Response Time.  Because of the faster opera-
tion at both the telephone answening and dispaicher positions,
and the more accurate information avaitable to both, overall
response time may be reduced.

Dispatcher Efficiency.  The efficiency of the dispatcher
is not only mmproved by the automated functions, but by a
quieter working environment and reduced stress during peak
load periods

Officer Safery  The safety of field is enhanced by
several features of the antomated system information on sus-
picious vehicles and persons 1s provided to field officers m



seconds, access to radio channels by field units 1s less subject
to delay, digital communications are less subject to being
overheard.

Interagency and Interjurisdictional Communications.
This traditional and recurring problem 1s sigmficantly reduced
by proper allocation of communications channels between
agencies (police, fire and emergency medical services) and
between communities,

Management, Management functions are aided by
automated record keeping and report generation. Reports by
field personnel can be reduced in number and preparation
tune.

All these technologies are of current interest in the law
enforcement commumty, and all of them are being developed
and encouraged by the Law Enforcement Assistance Admims-
tration (LEAA). Digital communications and computer-aided
dispatch are the most widely adopted of these technologies,
although still only a small percentage of police departments
have implemented such systerns. Through the kind of coopera-
tive, multi-commumty of multi-junsdictional automated com-
mand and control systems described in this document, 1t will

be possible for smaller departments to enjoy the benefits of the
new technologies. Establishing a joint powers or sumilar agree-
ment to mmplement and operate a cooperative command and
control system 1s perhaps the most difficult obstacle to
OVErcome.

Section 2 of this manual outhnes some system concepts
for automated command and control systems, m particular
those for multi-agency (police, fire, emergency medical
services) dispatching  and mult-commumty or multi-
jurisdictional dispatching through cooperative command and
control facilities

Section 3 outhnes brefly the planning process for a new
automated command and control system. Elements of. jont
powers agreements and program management organization are
discussed n Section 4. Section 5 then discusses the first step n
this planming process, the analysis of requirements

Subsequent sections deal with design concepts, imple-
mentation schedules and costs and cost-benefits analysis

Appendix A contains a description of an operational
multi-community computer-aided dispatch system



2. SYSTEM CONCEPTS

An automated police command and control system
performs the same functions as one that is not automated, the
differences are mainly i the effictency with which the opera-
tions are performed and the added resources that can be made
available (especially fast access to local and remote data bases).
Automation also provides a degree of flexibility not usually
attainable with manual systems This section defines some of
the system-level concepts the planner should consider in con-
nection with the basic decisions that must be made for an
automated command and control system.

2.1 Basic Concept

The different elements of an integrated automated
command and control system for law enforcement are described
1n detail in the other documents in this sertes. The core of such
an mtegrated system is the computer-aided dispatch (CAD)
system, and the next most essential element 1s 4 system of
digital communications with patrol umits. An automatic vehicle
location (AVL) system 1s a useful addition, but probably has
fess effect on overall operations per dollar mvested than the
two elements previously mentioned Patrol force alloca-
tion techniques are related to command and contro! func-
trons, and can be apphed when a suitable computer 1s already
available (for use 1n a CAD system, for example)

Figure 1 summarizes the concept of an automated police
command and control system Two points are evident from a
review of the figure

e All transactions in the system except mcomung
calls to the telephone clerk or complamnt board
operator (CBO) and the voice messages befween
dispatcher and patrol units are 1n digital form

o  The CAD computer is at the heart of the system,
supporting every aspect of the operation

Putting as much as possible of the mformation to be
handled mnto digital form makes 1t possible to take fuil
advantage of the remarkable speed and capacity of present-
day computers. It also serves to reduce the volume of message
traffic on the vsually crowded radio channels; thus 1s an impor-
tant benefit in many cases. In general, all of the operations
listed that are performed by the computer are carried out so
fast that the person concerned (CBO, dispatcher, patrol vnit
officer) 1s not aware of any delay at all.

The benefits to be expected from an automated police
command and control system are in many cases dufficult to

measure in numerical terms, and those that can be measured
do not show dramatic changes. Nevertheless, there are impor-
tant improvements associated with automation

®  Siress on personnel may be reduced under heavy
load condittons, this enables the personmel to
make better decistons.

®  Response time 1s reduced, prumanly by reducing
the tume between receipt of a call for service and
assignment of a patrol umit to the iwncident It is
still necessary for the patrol umt to reach the scene
of the incident, and automation has a relatively
small effect on the average travel time

¢  (fficer safety is enhanced because more informa-
tion 18 made mmmediately available to the officer,
and patrol umt status (including emergency mes-
sages), 18 transmmtted quickly and mn encoded form,

. Status and other digital messages are i a form that
cannot be overheard by the general public with-
out spectal recerver equipment,

] Both CBO and dispatcher efficiency may be
mmproved to the extent that in a large department
1t is possible to eluninate one or more positions, or
atlocate existing positions to special functions, such
as one operator for data base queries, and a second
for ambulance and tow services, etc., this decentral-
ization of functions sigmficantly reduces the stress
on the dispatch stations, which are the most
heavily loaded positions. In small departments
(not more than three or four dispatchers) it is
unlikely that any positions can be ehminated.

®  Overall operations can be mmproved because of the
large increase 1n the amount and vartety of manage-
ment mformation that becomes available with the
automated system, the production of management
and statistical reports also becomes much faster
and Jess expensive.

2.2 Operating Modes

A command and control system for law enforcement
needs to have provisions for modes of operation under all
foreseeable conditions Planmng for an automated system



COMPLAINT BOARD OPERATOR
(CBO) CONSOLE
AUTOMATIC CALL

DISTRIBUTION [ACD})
SYSTEM

DISPATCH CONSOLE

—l- -~ [ ———

1 AUTOMATICALLY
ASSIGNS INCOMING
CALL TO NEXT
AVAILABLE CBO >
OPERATOR 1. TAKES INFORMA

TION FROM CALLER DISPATCHER
2 ASSIGNS PRIDRITY
3 ENTERS DATA ON 1 CALLSUP NEXTINCI- 4 GIVESPATROL UNIT
KEYBOARD USING DENT FROM INCIDENT  ANY DATA FROM
AVL COMPUTER INCIDENT RECORD BACKLOG FILE IN PRIOR HISTORY
FORMAT DISPLAYED COMPUTER [COMPUT- FILE *

1 AUTOMATICALLY POLLS ALL AVL ON CRT ER MAINTAINS MONITORS INCI-
SENSORS TO DETERMINE POSITION OF 4 WHEN DISPLAYED FILE BY PRIORITY) DENT AND PROVIDES
PATROL UNITS INCIDENT RECORD 2 SELECTS PATROL ANY ADDITIONAL

2 COMPUTES POSITION OF EACH PATROL I5 COMPLETE, UNIT FROM AVAIL- SUPPORT NEEDED
UNIT DETECTED PRESSES KEY TO ABLE UNITS LISTED 6 HELAYS REMOTE

3 CORRECTS COMPUTED POSITION TO SEND COMPLETE v ON PATROL UNIT DATA BASE QUERIES
NEAREST STREET OR ROAD LOCATION RECORD TO DIS- y y = STATUS FILE ON CRT {IF MDT IS NOT

4 MAINTAINS CURRENT PATROL UNIT PATCHER VIA e} 3 DISPATCHES AVAILABLE)
LOCATION DATA ON FILES OF PATROL COMPUTER W SELECTED UNIT BY
UNITS IN CAD COMPUTER UNDER CON- o VOICE MESSAGE
TROL OF EACH DISPATCHER S| computER

1 J;tggﬁmqurs DATA FROM CBO FORMAT TO DISPATCHER
] AVL COMPUTER | CAD COMPUTER 2 AUTOMATICALLY HANDLES ALL ROUTINE DATA
ENTRIES DATE, TIME, DISPATCHER 1D, DISPATCH
SERIAL NO , OFFICER ID
3 RETRIEVES AND DISPLAYS TO DISPATCHER ANY
INFORMATION IN PRIOR HISTORY FILE FOR THE GIVEN
ADDRESS *
4 CHECKS GEQGRAPHIG FILE FOR NEAREST INTERSEC-
TION AND DISPLAYS DATA TO DISPATCHER*
Y 5 CHECKS VEHICLE LOCATION FILE FOR NEAREST AVAIL-
COMPUTER ABLE PATROL UNITS AND RECOMMENDS ONE OR MORE
FOR DISPATCH"
1 AUTQMATICALLY HANDLES
ALLROUTINE DATA & MAINTAINS INCIDENT BACKING
. FILE BY PRIORITY
T NUMBER DIGITAL LINK L 7 RECEIVES ALL DIGITAL STATUS
2 VEREOR D s CHANGE MESSAGES FROM
ARy ADDRESS ¢ PATROL UNITS AND UPDATES
o CERL AR
RETRIEV AYS ON
3. CHECKS PRIOR HISTORY DEMAND COMPLETE INCIDENT
R RD FOR ANY INCIDENT [N
Y 4 gg;ﬁdlisTE:JSIEs FOR PROGRESS [WHEN DISPATCHER
i iviatioe 8 NEEDS TO CHANGE OR ADD
INFORMATION}

AVL SENSORS

DETECT PRESENCE AND
1D OF PATROL UNITS
WITHIN RANGE

OFFICER

1, INDICATES STATUS CHANGES TO COMPUTER BY PRESSING
KEYS ON MOBILE DIGITAL TERMINAL {MDT)

2 RECEIVES DISPATCHES BY VOICE FROM DISPATCHER {MAY BE
SUPPLEMENTED BY PRINTED OUT MESSAGE ON MOBILE DIGITAL
TERMINAL}

3 INITIATES REMOUTE DATA BASE QUERIES FROM MOBILE
DIGITAL TERMINAL AND RECEIVES RESPONSES ON TERMINAL

4 PROVIDES NEW OR CHANGED DATA TO DISPATCHER DURING
COVURSE OF INCIDENT AS NEEDED BY VOICE {(MAY ALSO BE
VIA THE MOBILE DIGITAL TERMINAL)

§ CLOSES INCIDENT BY SENDING APPROPRIATE DISPOSITION
CODE VIA MOBILE DIGITAL TERMINAL (MAY ALSO BE BY VOICE
TO DISPATCHER)

*Optional features that not all CAD systems will have

3 AUTOMATICALLY ACKNOWLEDGES
DIGITAL STATUS MESSAGES
FROM PATROL UNITS
10 CHECKS ALL DISPATCHER
ENTRIES FOR VALIDITY
FORMATS AND TRANSMITS
QUERIES TO REMOTE DATA
BASES
12 PRINTS QUT SOME OR ALL
RESPONSES TO REMOTE DATA
BASE QUERIES (WITH QUERIES)
RELAYS REMOTE DATA BASE
RESPONSES TO PATROL UNIT
MOSILE DIGITAL TERMINAL
14 MAINTAINS COMPLETE LOG OF ALL
INCIDENTS

"

13,

MOBILE DIGITAL TERMINAL {MDT}

1 AUTOMATICALLY TRANSMITS PATROL UNIT ID WITH ALL
MESSAGES [VOICE AND DIGITAL) FROM PATROL UNIT

2 PRINTS OUT [OR DISPLAYS) DIGITAL MESSAGES FROM DIS
PATCH CENTER

3 TRANSMITS ' CANNED” DIGITAL MESSAGES WHEN OFFICER
ENTERS CODE ON KEYBOARD OF MDT

Fig. 1 System concept of integrated automated police command and contro) system



should include prowisions for the various operating modes
that might be required. In general, these are.

Normal Operanions.  This operating mode covers the
routine monitoring of calls for service and responding to them
Such operations are required around the clock and every day
in the year.

Backup Operations.  Although the rehability of
modern automated equipment is very high, provision must be
made for operating i the event that there 15 some type of fml-
ure that imnterferes with automated operation. This 15 usually a
manual system, although there may be modes where that part
of the automated equipment that has not failed can continue
to be used. Plans are needed for smooth transfer from normal
automnated operations to backup manual operations and back
to automated operations

Emergency Conditions The command and control
system should be able to respond to emergency conditions in
the commumty. This response takes the form of special real-
time coordination of resources from a command center In
minor emergenciesthe command center may be in the dispatch
center, with & designated Tactical Officer having authority
over all the communication Iinks needed to coordinate the
response to the emergency. Major emergencies are typically
coordmated from the scene i some type of mobile command
unit with adequate communications equipment to coordinate
the response. Such a mobile command unit may be a station
wagon or van, or for major disturbances it may consist of
several trailer vans with autonomous power supply and com-
mumcations equipment with access to the systems data
processmg,

The equipment and procedures planmng should prowvide
the necessary equipment, interfaces, and procedures so that
an emergency command post can be set up quickly and
smoothly.

Unusual Occurrences.  This term designates a condition
requurng dedicated and extended coverage of an area affected
by a major disturbance or disaster Command and control
typically requires on-the-scene coordination of many police and
other emergency umts, specialized equipment, field intelli-
gence gathering, logistic support, and haison with other
agencies operating at the scene. One or more command posts
of the type descnbed for emergency conditions may be
established. Plans for this and other emergency conditions
should nclude not only equipment and procedures, but what-
ever special files and software might be required to operate
under the specified conditions.

2.3 Community Integrated Public
Safety Systems

Large cities normally have essentially independent police,
fire, and emergency medical service departments, each with its
own command and control system: and commurications. For
medium sized or smaller ciizes it 15 often practical as well as
economical to combine the command and control operations
in a smgle public safety dispatchung system that assures
response to an emergency with the appropriate personnel and
equipment at any time of day, every day in the year

With the advent of the 911 emergency calling number,
there will necessanly be a single point where calls are received,
even though the dispatching operations are completely
separated. In smaller cities these operations can be combined
to some extent, thereby effecting important savings in oper-
ating costs and equipment. Figure 2 shows the system elements
for an integrated system. Some significant economies can be
effected by sharing the relatively expensive computer-aided
dispatching facilities where similar data processing functions
are requirted by all emergency services The most obvious of
these functions 1s the computer-stored street mdex or geo-
graphic file of all addresses with the nearest intersection for
each Response times for all services can be mmproved by real-
time access to this file, and when the Automatic Number
Indication/Automatic Location Identification (ANI/ALI) ser-
vice becomes available from the telephone company the entire
process of indicating the address on the dispatch data and
wdentifying the nearest mntersection can be automated Table 1
Iists the compaonents of a combined system, mdicating which
can be shared.

2.4 Decentralized Dispatching with Central
Computer Facilities

The possiblity of combiung police command and
control operations to the extent of a single computer center
for several adjoining commumities has been mentioned
previously The only such cooperative system presenily n
operationt 15 that m the Chicago area, Figure 3 dlustrates the
concept. The Chicago-area system 1s called AIDS for Auto-
matic Interactive Dispatch System The three cooperating
cities, Oak Park, River Forest and Forest Park, have a com-
bmed population of about 100,000. The computer faciity
15 located i one of the departments (Qak Park), with the
required commumcation links to enable the other two depart-
ments (River Forest and Forest Park) to utilize the central
computer facilities and the central radio transmitting facilities.
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Table 1. Command Control Functions

Dadicated
Paolice Fire EMS Shared
1. Ermergency Phone Answering Capability (911) X
2 Tie-Lines — Centrex X
3 Dispatch Center Building and Power X
4. Base Station Radio Transmitter/Receiver X
Site(s} and Buildingls}
5 Radio Antenna Towers X
6 Antennas, Transmitters, Receiwver, Frequencies X X X Special
7. Automatie Vehicle Monitortng ‘ X
8 Microwave Link [Towers) from Dispatch X
Center to Base Station
9 Microwave Channels X X X
10, Computer and Penpherals (CAD, AVM, MDT} X
11. Software, Geo-File X X X Partial
12, Complaint-Taking Console Posttions X X X Partial
13 HAadio Dispatch Console Positions X X X Partial
14 Mobile Data Terminals X X X Base Computer
15 Portable Data Termunals X X X Base Computer
16. Supervisory Console Positions X X X Partial
17. Map Display X X X Partial
18 Call Boxes, Alarm Boxes, Alarm Systems X X X
19, Radro System Maintenance X
20 Digital System Maintenance X
21, Microwave System Maimntenance X
22 Building Maintenance X
23 Management Reporting X X X Partial
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2.5 Decentralized Dispatching with Central
Radio Fagcilities

Another system concept 1s illustrated n Figure 4. This
concept 15 used by the Los Angeles County Shernff’s Depart-
ment. Individual stations accept calls for service from thenr
local areas and mamtamn their files and control therr own
patrol umits. The radio facilities for communicating with all
field units are in a single location, however This not only
reduces the cost of radio facilities, but makes the manage-
ment of channel utiization more efficient.

2.6 Fully Centralized Multi-Community
Command and Control

The systems deseribed in the preceding sections
dehineate partialty centralized commeand and control systems
i which one element such as the radio or computer facihty s
shared by a number of communities. A fully centralized
multi-community command and control system 1s in the
process of being established by a consortium of cities in the

Los Angeles—South Bay area, In this application central dis-
patciung and radio facihities will serve all cities m the consor-
tium, which has a combined population of about 275,000. The
system mcludes the 911 emergency number service, and com-
mand and control facihities for the fire departments and
emergency medical services. Figure 5 iltustrates the concept.

The administrative procedure for the South Bay coopera-
tive system 15 a new legal entity created by the cooperating
commumties to provide the specified services to each and
controlled jomtly in accordance with specified procedures A
Jomt Powers Agreement executed by the cooperating com-
munities will serve as a legal basis for the cooperative auto-
mated command and control system.

It 1s essential n a fully centralized multi-community
system of this type that each community retain full control
over 1ts field units, the units can be dispatched from a central
faciity, but each city must maintam a facility withn its juns-
diction to momtfor ail dispatch operations of the central facii-
ity affecting its field umts, with a capability of overriding a
dispatch, or taking control of its fleet 1f the sstuation warrants,
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Fig 4. Decentralized dispatching with central radio facility (L os Angeles County Shenff's Departmaent)
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3. PLANNING GUIDELINES:

The process of plannng for a new, mulii-commumty
command and control system consists of the following steps

e

3.1 Development of a Legal and
Administrative Plan

Development of a legal and admimstrative framework
for procuring and operating a multi-community command and
control system 15 one of the most important, and perhaps one
of the most difficult steps in the overzll implementation pro-
gram Agreement must be reached on a large number of
important pomts, and suitable legal'and orgamzational entities
brought into being before the project can be mitrated Major
points to be addressed mclude

° Project management structure

° Capntal financing plan

. Operating and maintenance cost allocations
[ Radio frequency allocation

. Central vs decentralized dispatching

Normally all details of the legal and admimstrative plans
will not be resolved before the project 1s started, but at some
pomnt, before major procurements are mrtiated, it 15 essential
to set up the operational legal entity Planming the form and
functions of this entity, and getting agreement and approvals
from the several commumties n the program 1s time-
consuming, and should be started as early as possible

An example of legal and administrative plans for a multi-
community command and control system program s given in
Chapter 4

3.2 Analysis of Requirements

In thus basic step the planner establishes what the new
system must do If he 1s considermg an integrated system, he
will need to examue each aspect of police command and con-
trol automation and determune 1) does this department need
1t?, and 2) if so, what quantitative performance requirements
can be established for it? Some of the automated functions
that should be considered in the mitial analysis of require-
ments, and basic questions related to each, are hsted below.

12

THE PLANNING.PROCESS

Dagital Communications

share the voice channel or use a separate
channel

mobile ferminals with printers or with dis-
plays only

how many function keys on mobile termmals
what “canned” messages should be provided

will the mobile terminals have direct query
capability to remote data bases

Computer Arded Dispatch

redundant computers or single computer

how many supervisory positions are needed
for CBO and dispatch

separaie operator position for remote data
base quenes, ambulance and tow requests,
or have dispatchers handle them

patrol unit status updates by voice or auto-
mated by digital status messages to computer

how will the automated system be used by
officers m preparing their end-of-shift reports

what management reports will be required of
the system

will dispatchers have single or muitiple screen
displays

will the system mnclude a geographic file, a
prior history file by address, a temporary
situation file

will the computer recommend patrol units for
dispatch or will the dispatcher select the unit
with no indications from the computer

Automatic Vehicle Location

what type of system (dead reckonmng, sign-
post, tnangulation) should be considered



~—  what location accuracy 1s needed to achieve
a significant improvement

_— what will be the effect on officer morale

The above questions are intended merely to suggest the
types of questions that need to be asked and answered m a

requirements analysis. Naturally, in all eases the major questions
should be

" ® .- What other departments have had expenence SWith
this kind of automation and what have. the:robser
vations been?

. How much will 3t cost and how long will 1t take?

) Can the system be procured jomntly with other
agencies or other communtties?

Requirements analysis 1s discussed izt detanl 1n Section 5,

3.3 Selection of a System

Configuration

A

Fmal selection of a system configuration 1s typically
made after the requirements analysis has led to tentative
design of a configuration, followed by a cost/benefits analysis
that suggests modifications to the requirements and therefore
to the configuration. Some of the questions listed above under
requirements analysis are basically configuration questions,
mdicating how closely requiremnents and systemn configuration
are related. Several iterations of the system definition process
are usually required before a final configuration is selected. It
can be expected that the process will be longer and more
complex if multiple agencies or commumties are mvolved.
Development of design concepts s discussed 1n Section 6.

Once a configuration has been selected, it 15 possible to
prepare detailed specifications for the system to be procured,
Thas techmcal aspect of the procurement 1s often subcontracted
to an outside consulting firm wath detaded knowledge of avail-
able hardware and its characteristics, and with experience in
designing sumilar systems If a multi-stage implementation of
the system is planned, care must be taken to include in the

specifications the different levels of performance associated
with the different stages of 1mplementing the system.

3.4 freparation of the
Implementation Plan
Only when a detailed implementation plan has been
prepared 1s it possible to estimate with any certainty the total
costs associated with implementmg an automated command
—and control system. Such a plan dentifies each actity that 1s

~ required to produce a completely installed and checked out

= System with trained personnel to operate it and well-defined
procedures for afl anticipated modes of operation Each activity
1s assoclated with a starting and ending date, and the relation-
ships between activities (1.¢ , which activties must be finished
before certain others can start?) are defined It 15 especially
mnportant to identify the functions that must be performed
by the department itself or other city government personnel,
this assures that the required personnel are avaiable when
needed.

Specific gmdelines for prepaning an implementation plan
are given 1n Section 7.

3.5 Cost/Benefit Analysis

The decision by comnunities to enter into an agreement
to mmplement a cooperative command and control system will
be strongly influenced by an overall evaluation of costs vs
benefits, particularly firm or “hard” benefits that are visible
to agency planners and managers in the form of reduced costs,
While many advantages for a cooperative systemn can be cited,
relatively few are easily converted into dollars and cents sav-
ngs, particularly factors dealing.with response time, officer
safety, and community relations. Qur approach will be to com-
pute dollar values where possible, and to indicate qualitative
benefits that are claimed or have been demonstrated,

As an example of a particular case of a combined multi-
community police command and control system, Chapter 8
presents some cosi-benefit data on a system that 1s now in the
process of bemng implemented by a comsorfium of several
cities,
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4. PROJECT MANAGEMENT AND JOINT POWERS AGREEMENTS
FOR MULTI-COMMUNITY SYSTEMS

The many advantages to small- and medum-size
commumties of formng a cooperative multi-community police
command and contro] system are discussed elsewhere m this
document They can be briefly summarized as

e A modern automated system can be used, one that
would be beyond the means of any one community

° The forces of the individual communities can be
applied more effectively both to therr own and to
crossurisdictional operations

° Avalable radio frequency specirum can be used
much more efficiently

° Sigmificant savings are possible i operating costs,
especially salaries

* Federal grants to support command and control
automation are more readily avadable to such
combmed operations than to mdividual small- and
medium-size communities

The purpose of this chapter 15 to point out and discuss
some of the legal and admumstrative structures that must be
formed, and organizational difficuities that must be overcome
before these advantages can be realized. Thus task constitutes
the single most difficult step i implementing a muiti-
community command and control system The examples of
project management structure and jont powers agreements
presented 1n this chapter were developed and employed by a
consortium of communities for the above purpose, and should
be of significant help to those planmng a similar project

4.1 Organizing for a Multi-Community Project

The technology for implementing such systems 1s
avallable today, and there are several contractors who can
analyze the requurements 1n a given case and produce a
satisfactory detaded system design Creating the legal and
admimstrative framework for procuring and operating the
system, however, 15 a task that must be carried out by the
communities themselves. Agreement must be reached on a
great number of points, both large and small. Some of the
major points that must be resolved are.

. A new legal entity, separate from any of the
participating commumnities (but under therr con-
trol), must be created This 1s not only advisable
for efficient admimstration, but essential because

14

frequencies can be assigned only to a legal entity
and federal grants can be made only to such a
single body -- not to a collection of independent
comimunities.

Procedures for creating, financing and goverming
the new legal entity must be defined and agreed
upon Since the different communities will have
different sizes, different terramns, different tax
resources and different crime rates, 1t 1s not easy
to reach agreement on what support 1s to be
provided by each and what services each is to
receive,

Radio frequency allocations now held by the
mdividual commumties must be assigned to the
new agency. What frequencies are to be assigned
{police- only, police and fire, other, all or part,
etc) is a subject requining extensive discussion
Provision must also be made for disposition of
frequencies allocated to the combined agency if
one of the cooperating communities chooses to
withdraw

Centralized dispatching center should use civihian
dispatchers, both for reasons of economy and
efficiency and because the new agency probably
will not have the ability to exercise authonty over
sworn personnel For small departments now using
sworn personnel for dispatching, this change will
require some accommodation.

The change 1n dispatching personnel 1s part of the
general problem of changing from a small, closely
integrated dispatching operation to a larger, physi-
cally and organizationally more dispersed opera-
tion. Such a change 1s not always welcomed by all
parties, and considerable discussion 1s hikely to be
required

Each commumity must retain command authority
over its patrol force. Provisions need to be made in
the design of the system for each commumty to
monitor and redirect 1ts forces 1If necessary,

The legal structure and adminstrative procedures
of the new agency must be in conformance with
applicable state and county requirements and
regulations State laws may govern the powers of
such joint agencies Some states have mandated



the adoption of the 911 emergency calling number
by a gwven year, and planning for the new dis-
patching center mwust reflect this requirement,

If allocations (of radio chapnels, personnel, finan-
cial support, etc) are to be based on current
rates of use 1t is difficult to agree on definitions of
such rates. Dafferent departments keep records 1n
different ways that are not easily compared, Only
after the combmed system 1s n operation will it be
possible to determine usage rates on a common
basis.

Most of the ahove pomts are related to the structure and
operation of the combined system Another major subject of
concein is the process of reaching agreement, selecting and
procurmg the system, establishing the requuired facilities, and
financing the new system This operation is best viewed as a
project, to be handled by standard project management
techniques Here we will give some examples of how such a
project was managed by one consortium of small- and
medium-size cities

A first step 1n managing such a project (or any project)
15 to define the phases nto which 1t naturally divides itself,
and identify the activities that must be conducted dunng each
phase. An essental part of this phasing 1s 1dentsfication of
how the activities in each phase will be financed In the case
used as an example (and probably in most cases under present
conditions), Federal and state financing covers a large part of
the costs. Thts financing is 1n the form of grants, and the
preparation of sound, detailed grant proposals 1s an important
part of the project management, Table 2 shows the project
phases for the example used here, together with the projected
sources of funds

The table gives only summary identification of the activi-
ties listed; most of them are either selfexplanatory or the
details will depend strongly on the particular case (or both). It
may be useful, however, to give 2 more deta:led breakdown of

the procurement process. Normally it includes the following
set of activities:

(1) List and order the system requirements (this
follows from the requirements analysis activity
listed under Phase F)

(2) Prepare RFP (Request for Proposals)

(3} Secure approval of RFP

(4) Issue bid package (this 15 the RFP plus any terms

and conditions or other supplementary materal)
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(5) Establish the evaluation criteria for proposals (this
may be done before the RFP is issued and become
a part of the RFP)

(6) Establish the procedure for evaluating proposals
(who does the evaluating, the schedule, who 15 the

final selection authority)

Q)]
®

Evaluate the proposals received

Request oral presentations from bidders to supple-
ment the proposals and to answer any questions
arsmg from them. (The step 1s optional, but 13
often very helpful in evaluations.)

®)
(10)

Tius procedure, more or less abbreviated to swt the
nature of the procurement, 1s appropriate for selecting any of
the contractors used in implementing the system. This includes
the program maragement consultant selected in Phase I, who
then prepares the RFP for the Phase II procurement and may
be retammed throughout the implementation period, The
coniractor selected for the detailed design phase may also
manage the procurement and installation phase, or a new
contractor may be selected for that phase Since the procure-
ment and installation task normally wnvolves two or more
contractors (for communicatrons hardware, computing hard-
ware, software, consoles, etc ), the procuring agency has two
basic options, It can act as 1ts own prime contractor, selecting
separate subcontractors for each major element of the system,
or it can select a single prime contractor who undertakes to
deliver the complete, checked out system on a *turn-key”
basis, Most public agencies use the latter approach to avoid
the need for a large (but temporary) increase in staff The
program management consultant, or another specialized con-
sulting firm, 15 sometimes retamned to monitor the work of the
prime contractor Such firms can often provide a greater depth
of technical knowledge mn the varous disciplines wvolved than
the joint agency can afford.

Select winming contractor

Negotiate contract with winning contractor

The relationships between the various phases and tasks
of project implementation are llustrated in the following
section, which describes the project management structure
developed by one consortium of commuruties for a coopera-
five command and control system.

4.2 Project Management
The problems and solutions assoctated with multi-

community cooperative command and control system imple-
mentation projects make 1t essential to develop and utilize a



carefully planned and effective project management structure,
one that 1s flexible and can readily change from a relatively
small staff duning start-up phases to a more complex orgamza-
tion as the project progresses through the implementation phase
and reaches operational status The project management
structure must be responsive to, and be governed by, a board
of directors comprised of representatives from the participating
communities, and follow the advice of advisory commitices
made up of user agencies.

The project management structure developed by a group
of small- and medium-size cities 1s presented as an example of
how one consortium met 1ts organizational needs. The project
staff and its functions during each phase of the program listed
in Table 2 are discussed mn the following sections,

4.2.1  Phase | Project Staff

Phase I objectives were to accomplish the planning for
the entire Regional Commumnications and Dispatch program

and to prepare for the detail system design Activities during
this phase resulted . a Phase II Grant Request, a Request for
Proposal (RFP) for detailed system design, a contract augmen-
tation for the Program Management Consultant (PMC), and
the mitial Program Management Plan.

Phase 1 was conducted under the organization structure
shown on Figure 6. The Regional Public Communications
Commuittee consisted of the city manager or the administrative
officer and the chief of police of the participating cities. The
Policy Commuitee consisted of the city manager or adminis-
trative officer (or Ius representative) from five of the seven
cities in the consortium The Project Director, the Project
Coordinator and the Program Management Consultant were
nonvoting pariicipants in the Policy Commuttee meetings.

The Project Staff consisted of a Project Coordinator,
one Admmstrative Analyst, and a secretary. Technical support
was provided to the Project Coordmator by the Program

Tzble 2. Implementat:on Phases of a Multi-Community Police Command and Contro) Project

5 Analyze and define system detailed system design

requirements {consultant

design of facilities

6 Prepare grant application for
Phase Il funds 6 Develop detailed radio

freguency plan

7 Prepare a Request for
Proposals for Phase

contractor {consuftant}

Phase I11 Phase |V
Phase t Phase I System Procurement System Checkout and
Establishing the Project Detailed System Design and Installation Acceptance
{8 months) (12 months) {12 months) {7 months}
1 Set up project staff 1 Expand project staff as 1 Select contractor or 1. Install mobile equipment
needed contractors for system
2 Select program management hardware and software 2, Check out complete
consultant 2 Finalize Joint Powers system
Agreement 2 Complete facility con-
3 Prepare program management struction or 3 Establish operational
plan {consultant prepares) 3 Secure necessary approvals modification staff
from state and local
4, Begin drafting a Joint Powers agencies 3, Telephone company 4, Train personnel
Agreement installs telephone
4 Sefect contractor for equipment 5 Demonstrate complete

assists) & Select A&E contractor for

system

4, Develop staffing plan
for operational phase 6
{including any transfers
from member
communities)

System acceptance

5 Prepare training plan

Funding {about $50K) Funding (about $650K)

Funding (about $2M} Funding ($1 25M}

Local (in kind services) 15%

Federal 75% Federal an%
State 6% State 5%
Locaf {cash) 4% Local Cash 5%

Federal 87% Federal 90%
State 5% State 5%
Local 8% Local 5%




REGIONAL PUBLIC
COMMUNICATIONS COMMITEE

PROJECT

DIRECTOR
PROJECT POLICY
COORDINATOR COMMITTEE
PROGRAM MANAGEMENT PROJECT PARTICIPATING CITIES
CONSULTANT STAFF PERSONNEL

REGIONAL PUBLIC

Fig. 6. Phase | project orgamzation

Management Consultant, The cities supphed temporary person-
nel to assist in the evaluation of the Detaill System Design
proposals. Personnel from the cities also performed an
evaluation of Phage I.

42,2  Phase [l Project S8taff

The Phase IT orgamization shown in Figure 7 1s simular to
the Phase 1 orgamization. The mclusion of Emergency Num-

ber 911 and the fire department requirements 1 the system
design resulted in a need for an enlarged project organization.

In response to this need,-the Regional Public Communs-
cations Committee (RPCC) was expanded te mclude the fire
chiefs of each participating city. The RPCC then consisted of
the fire and police chiefs and the city manager or admimstra-
tive officer of each participating city.

The Techmcal Commttee was expanded to consist of
the fire cluefs and the chiefs of police of each participating
city. The Project Director 15 the Chairman of the Technical
Commuttee. This commutiee has two subcommuttees” one of
fire chuefs and one of chiefs of pohce. The User Task Force
consists of command personnel from each of the police and
fire departments Two subgroups formed from the User Task
Force provide data to the System Design Contractor on the
operational and procedural requirements of each of the
police and fire departments. The Technical Committes reviews
and accepts the design documents which define systems to
implement these operational requirements and operational
procedures

The Policy Committee consists of the city manager or
admunistrative officer or his designated representative from
each of the parhieipating cities. The Project Director and the
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Fig. 7. Phase 11 project organization

Chairmen of the Techmcal Subcommutiees are ex-officio
members of the Policy Commuttee,

The Project Staff for most of Phase 11 consists of a
Project Coordinator, a Semor Admimstrative Analyst, an
Admamstrative Analyst with a public admimstration back-
grouné, an Admimstrative Analyst with a public finance
background, a secretary and a clerk typist.

Personmel from the participating cities’ staffs supplement
the Project Staff in both admnistrative and technical matters.
matfers.

The Program Management Consultant supphes technical
suppert to the Project Coordinator because of the wide variety
of techmcal expertise required and because staff budget
iimutations restricted the total techmcal complement of the
Project Staff. This support consists of assistance from a
number of techmical specialists.

In additron to the above changes, the State Division of
Communications agreed to serve as the external evaluator for
the project. This arrangement provided the Project Coordinator



and the RPCC with an objective evaluation of the progress of
the project as well as a useful critique of the performance of
program management.

423  Phase 11t Project Staff

Prior to start of Phase II1, the project operated wrthout a
Joint Powers Agreement, but 1t was recogmzed that the project
could not conimue into the implementation phase without
establishing a legal entity or Authority. As events progressed,
the Joint Powers Agreement was executed after the start of
Phase III. This cleared the way for implementztion of the
system, but the delay in executing the Apreement created
another problem 1n that one of the cities became the Grantee
for Phase III funding rather than the Authonty. There 1s hittle
precedent for changing a grant from one subgrantee to
another, and there may be difficuities and delays 1n effecting
such a transfer.

The organization of the Regional Public Communication
Authonty 1s shown 1 Figure 8. The Board of Directors
consists of one city council member from each of the partici-
pating cities. In addition, the Chairpersons of both the
Executive Commuittee and Technical Commuiitee serve as
ex-officic members The Executive Director acts as Secretary
to the Board.

The Board 15 the designated governing body for the
Authority and, as such, has all powers, duties and responsibali-
ties enumerated and provided for in the Jomt Powers
Agreement.

The Executive Committee consists of the city manager or
chuef administrative officer of each member city. In addition,
the Chairperson and Vice-Chairperson of the Technical Com-
mittee and the Executive Director serve as ex-officio members.
The Commuttee provides guidance for the operations of the
Authority within the gurdelines of the Joint Powers Agreement
and m compliance with directives from the Board of Directors.

The Technical Commuttee consists of the police and fire
chiefs from each of the participating cities. In add:ition, the
Executive Director serves as an ex-officio member of the
Committee The Commuttee functions as a technical resource
and review agent for the Policy Committee

The Executive Director is responsible for the impleme-
tation of technrcal and admunistrative objectives of the Project.
The Executive Director, appointed by the Executive Commut-
tee, serves as Secretary to the Board of Directors and 1s an
ex-officio member of the Executive Committee and Techmical
Commuttee.
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Fig. 8. Regional Public Communications Authonty orgamzation chart

The Project Staff provides management, technical, oper-
ational, and organizational support to the Executive Director
The Program Management Consultant provides technical and
program management support to the Executive Director,
monttors activities of the System Integration Contractor, and
identifies potential techmical, operational, and scheduling
programs

The External Evaluator serves as technical advisor and
assists 1 the momtoring and evaluation of the Project

The System Integration Contractor ensures that the
subsystem 1nterfaces are clearly defined for the Equipment
Contractors, checks that the deliverable equipment and
software are in conformance with total system needs, and
assists in defimng potential system problems to facilitate
solution. The Equipment Contractors provide vanious types of
equipment and software that meet or exceed specifications



developed for such equipment and software by the System
Design Contractor during Phase I1.

The Legal Counsel provides guidance for the drafting
and reviewmg of vendor and consultant contracts and other
agreements The Admimsstrative Operations Consultant pro-
vides assistance in designing and implementing such admimstra-
tive systems as are necessary for the administraton of the
Authority.

The Architect and Engineer prepares the drawings and
specifications, the primary radio site, and the back-up radio
ste for the construction of the Regional Communications
Center. The A&E will also monitor the work of the Construc-
tion Contractors, The Construction Contractors will modify
the bwlding andfor sites for the Regional Communications
Center and the main radio sites

The current Project Coordinator will remam with the
Project on a part-time basis as the Interim Project Coordinator
to facilitate the transition and to assist the new Executive
Drrector
4.24  Phase IV Praject Staff
The organization for Phase IV will be very similar to the
Phase III organization. The services of the Architect and
Engineer, the Construction Contractors and the Administrative

Operations Consultant will not be needed and, therefore, will
not be part of the organization,

The basic project structure, and the relationships between
its elements for decision making, preparation of recommenda-
tions, and execution of directives is summarized m Figure 9.

4.3 Joint Powers Agreements

The experience of the communities mn the mault-
community system used as an example here suggests that
ample time shouid be allowed for the implementation phase of
a new combmed command and control system. The principal
reason is that extensive discussions will probably be necessary
to reach agreement on all the issues that must be resolved
Some of the questions that may require extended negotiations
are:

. How many members will the governing body of
the new agency have? Will the member commum-
ties be represented by one vote each, or will their
votes be proportional to community size, assessed
valuation, use of the system, or some other
measure?
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What levels of joint authonty will there be below
the goverming body? How will membership at these
levels be determined?

Will decisions be made by simple majornty, or will
each community have a veto power over certain
classes of decisions? (For example, a small but well
financed city may not wish to be forced to accept
finaneial decisions made by its larger but poorer
neighbors.)

Will 2 member commumty have to transfer all of
1ts emergency radio frequency allocations to the
new agency (1f it covers fire and emergency medical
dispatching as well as police), or will st be able to
retain some channels for 1ts own use? What happens
to channels transferred to the jomt agency if a
commumty withdraws?

How will the respective contrbutions of the
member communities to the costs of the implemen-
tatton phase be determined? By size, estimated use
of the system, assessed valuation, or other?

How will the joint agency charge member com-
munsties for 1its services? By actual use, by popu-
lation, by assessed valuation, or on some other
basis?



° What rights, f any, will employees of the member
communities have to sunilar jobs with the new

agency?

To provide some guidance to planners in communtties
that may be contemplating a combined multijurisdictional
police command and control system, we provide m the
remaining part of this chapter some answers to the above
questions. These are the answers that were found by the
communities participating in the system used here as an
example,

The legal and admimstrative framework for the mults-
community system described here is contained m two related
documents One is the Joint Powers Agreement that legally
establishes .the jomnt agency, and the other 15 the set of
by-laws that define the details of the joint operation. The
basic text of the Jomnt Powers Agreement is reproduced in
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Extubit 1. An annotated outline of the by-laws 15 given m
Appendix B, In general, the subjects covered in the by-laws
are.

o  Membership

. Makeup and operation of the Board of Directors

] Makeup and functions of the major commuttees

° Functions and duties of the Executive Director

° Financeg

® Ownership and disposition of asseis, mcluding
FCC lhcenses

e Procedure for amending the by.laws.



EXHIBIT I

JOINT POWERS AGREEMENT

THIS. AGREEMENT, entered into on the.effective
date heremafter set forth, by and between the public
agencies signatory hereto and also those which may
hereinafter become signatory hereto (hereinafter “public
agencies™).

WITNESSETH:

WHEREAS, said public agencies recognize the dwe
commumnications congestion problem and the resultant
ramifications thereof within that certain geographical
region, Area X, and

WHEREAS, the State Legislature mandates the
implementation of a unform emergency telephone
number designated *“911% by a certam date for use
throughount the State, and,

WHEREAS, said public agencies have heretofore
determmned that the system through whach the umiform
emergency telephone number service 15 to be provided
should be a regional center responsive to the local
needs of the citzenry of said public agencies and,

WHEREAS, said public agencies have heretofore

determined a need to establish a consolidated, regional,

computer-assisted dispatch operation to best serve the
needs of all of the citizens of said public agencies, and,

WHEREAS, said public agencies have heretofore
determined that the interests of the citizens of each of
said public agencies can best be served by the coordi-
mated use of public safety radio channels, and,

WHEREAS, said public agencies recognize the
mutual benefit of a consolidated, regional jomt effort
for the development, implementation and the subsequent
operation and maintenance of such a consohdated
regional system; and

WHEREAS, said public agencies desire to consoli-
date and provide emergency call receiving, dispatching,
and related operations, and,

WHEREAS, the cost of developing, implementing,
operating and mamntaining said consolidated regional
systemn 18 more than can be borne by one or a few
mumcipahties within the area, and,

WHEREAS, said publc agenctes have heretofore
determined that it 15 desirable and necessary to coliec-
tively direct the management policies and operational
practices of said consolidated regional system, and,

WHEREAS, the Government Code of the State
authorizes smd public agencies to enter into agreements
for the joint exercise of any power common to them;
and,

WHEREAS, said public agencres possess the power
to consolidate public safety services commumications by
the executton and umplementation of this Agreement.

NOW, THEREFORE, FOR AND IN CONSIDERA-
TION OF THE MUTUAL ADVANTAGES TO BE
DERIVED THEREFROM, AND IN CONSIDERATION
OF THE EXECUTION OF THIS AGREEMENT BY
OTHER PUBLIC AGENCIES ELIGIBLE FOR MEM-
BERSHIP IN THE AUTHORITY HEREINAFTER
ESTABLISHED, each of the parties hereto does hereby
agree as follows

{1) Authority Established Pursuant to the jomt
powers authonzation of the Government
Code, an Authority is hereby established to
be known and designated as the “Area
Regional Public Communications Author-
1ity” (heremafter designated as “Authority™)
which shall consist of all of the public
agencies signatory hereto and those pubhc
agencies which may hereafter become signa-
tory hereto. Sumd Authority shall be an
agency and public entity separate! from the
parties to the Agreement.

1 Although the new public entity 1s separate from the parties to the Agreement, 1t is controlled by the signatories since the
Board of Directors of the new entity 1s comprnsed of representatives of the parties to the Agreement,
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By-Laws. Authonty shall be subject to, and
shall be governed by, those certamn By-Laws?
hereafter adopted by the unanimous express
consent of all public agencies signatory
hereto, together with any amendments which
may be made to said By-Laws in the manner
and means therein set forth.

Purpose. The purpose of this Agreement
shall be as set forth mn the recitals herein-
above and the preamble to the By-Laws,

Said purpose shall be accomplished and
carried out in the manner set forth in said
By-Laws.

Membership. Bach public agency signatory to
this Apreement, and each additional public
agency eligible for membership pursuant to
the provisions of said By-Laws, which may
hereafter sign said Agreement, 1s 2 member of
said Authority and s entitled to all the
nghts and privileges and is subject to the
obligations of membership, all as provided 1
said By-Laws.

Termmnation of Membership, This Agreement
shall remain in full force and effect as to al
member agencies for a mimimum of five
(5) years from and after the effective date
hereof, Thereafter, any party to this Agree-
ment may cease to be a party hereto and
may withdraw from membership 1n Author-
ity by the adoption by its legislative body of
a resolution of mntention to withdraw and
the giving of wniten notice thereof to the
Executive Director of the Authority and to
each of the other public agencies signatory
to this Apreement at least mnety (90) days
prior to the end of the then current fiscal
year. Said termination shall be effective at
midmight on the last day of said current
fiscal year.

Admirmstration Pursuant to the provisions
of the Government Code of the State, the
Authority, as established by this Agreement
and as Governed by said By-Laws, shall be
the joint powers agency authorized to admin-
ister this Agreement.

™

@

€

(10)

(11)

Powers of the Authority. Authorty shall
have the power 1 its own name, to make
and enter mto contracts, to employ agents
and employees, to acquire, hold and dispose
of property, real and personal, to use and be
used 1n 1ts own name, and to incur debis, ha-
bilities or obligations necessary for the
accomplshment of the purposes of thus
Agreement. However, the debts, liabilities
and obligations of the Authority shall not
constitute any debt, liability or obligation
to any of the individual public agencies
which are signatory to this Agreement.
Authority shall have the power of eminent
domain which power shall not be exercised
except with the upanimous consent of all
member agencies.

Amendment, This Agreement may not be
amended, except by wrntten agreement of
all the then parties to 1t, provided, however,
that the By-Laws heremafter adopted may
be amended from time to time by the
method and means provided therein

Duration of Agreement, This Agreement
shall continue 1n effect until terminated by
unanimous consent of the then parites to it
or untd dissolution of the Authority in the
manner provided in said By-Laws Upon such
termunation, or dissolution, the assets reman-
mg, includmg any surplus money, shall be
disposed of i the manner set forth in said
By-Laws.

Enforcement. Authority 1s hereby given the
power to enforce this Agreement If suit 13
necessary to enforce any of the provisions
hereof, including any proviston of the
By-Laws, the defaulting member shall pay
reasonable attorney fees to Authonty as
adjudicated and determined by the Court.

Effective Date of Agreement This Agreement
shall become effective upon 1ts execution by
the member,

IN WITNESS WHEREOF, the undersigned
public agencies have set their signatures on
the respective dates set forth below

*See Appendix B for an annotated outhne of the By-Laws.
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5. ANALYSIS OF REQUIREMENTS

Some questions of a fairly general nature were listed m
the previous section under the heading of requirements analy-
sis, In a formal requrements analysis exercise, considerably
more detall is required, Nevertheless, such a set of questions
can serve as a good starting point for the analysis.

This section will consider the analysis of requirements
for an inteprated police command and control system, Require-
ments must be defined for the following elements-

(1) Telephone communications and telephone answer-
1ng stations

(2) Dispatcher posttion

(3) Communications channels (digital and voice)

(4) Data processing

(5) Digital communications (equipment to equpment
inter-t1es)

(6) Display processing

(7)  Vehcle location (not necessarily included)

Analyzing requirements in terms of these functions
(rather than by technology such as mobile digital communica-
tions, computer-aided dispatch, eic.) 15 appropriate for plan-
ning of multi-community command and control systems, since
1t s relatively easy to determine which functions are to be
combined and which will remain 1n the separate commumties,

In addition to the requirements for these individual
functions, a set of requirements may be defined for the system
as a whole, These are 1n general indicated 1n the companton
., manuals 1 thus series for each type of new technology, and are
summanzed briefly in this section,

Since, as noted previously, response tune 15 affected by
all elements of the system 1t is possible to use this as one quan-
titative requirement for the overall system, Such requirements
are usually stated m statistical terms, for example “The max-
mum average warting time for a call to be answered by the
CBO shall be 2.5 sec, and no more than 5 calls in 1000 shall
recetve a2 busy signal.” Similarly, communication channel
capacity requirements can be stated in terms of warting time
under maximum anticipated load conditions, Both the percent-
age and the time can of course be varied to reflect the condi-
tzons in a given department. The value of a measure like this 1s

23

that 1t reflects the performance of all the links in the dispatch-
mg sequence adequate numbers of trunk hines and complaint
board operators, efficient automated support to the CBO,
rapid transfer of incident data to the dispatcher with the com-
puter taking over all routine operations and maintaimng patrol
imt and merdent status; patrol unit status kept current by digs-
tal status messages processed by the computer; less voice chan-
nel congestion because of routine digital messages, shorter
travel times because of mmproved allocation of patrol umnits,
better beat design, andfor better information on vehicle
location.

In the case of multi-commumty command and conirol
systems, it is usual for the patrol umts to remain within therr
respective jurisdictions (except 1n special cases) and it 1s essen-
tial that they remain under the authorty and control of the
respective police departments. Only the receipt of calls for
service and dispatching function are centralized. Under these
circumstances response time requirements, if specified, would
be lirmited to these functions,

Other constramnts or requirements can be placed on the
overall system, but these are generally associated with one new
technology and are covered in the appropmaie compamon
manuals. The following subsections will discuss the require-
ments analysis for each of the functions identified above,

5,1 TELEPHONE COMMUNICATIONS

5.1.1 Functions

The funchions to be provided by the telephone system
are histed in Table 3. It 1s of nterest to note that some smaller
departments have provided for cross-patching of an emergency
call directly to the assigned patrol umt’s radio channel en-
abling the caliing citizen and the officer in the patrol umt fo
converse directly. This is a useful feature for the caller and the
officer, but could give nse to trunk line and radio channel
congestion unless carefully monitored

Planners anticipating the 1mplementation of the
911 emergency number 1n their arcas should assume that 1f the
police department 1s the answenng point for 911 calls, the
average yearly call rate will mcrease by 25% to handle the fire
and emergency calls, If may also be expected that call rates
will increase by an additional 10% or more because of the fact
that 1t will be easier to place emergency calls (e g., no charge
from com telephones).



Table 3. Functional Requirements for Telephone Communications

Hem Requirements Item Requirements
Trunk line terminations 1. Enough trunk lines to support a Voice log recording 1. Recording for log purposes of
service grade (prohability of all calls processed at the
blocked cali) of p = 0.001 {one dispatch center
per thousand) for the calling
number {$11 or regular 7-digit
number} 2. Instant playback as needed for
each work station {CBO and
2, Terminations for the installed dispatcher)
votce or digital alarm systems
3 Termunations for dedicated Internal 1. Intercom channels among all
voice and digital tie lines with intercommunications work stations
operations centers, other agen-
cies, radio transmitter/recever
sites, remote data bases, police/ 2, Capability for supervisor work
fire call boxes, and any special ) stations to patch 1n to any
sites such as permanent loca- selected work station
tions for mabtle command {re., parallel operation)
posts
Automatic Call Distnbu- 1. Prowvide balanced call distri- Line controls and switching 1. Provide at each work station
tion (ACD) set bution to the planned number {CBOQ and dispatcher) the con-
of CBO consoles trols and displays required to
aliow the operator to select
2, Prowision for call overload voice radio or telephone hines,
signalling establish multiple connections,
or hear instant playback from
3. Provision for collection of call the voice recorder
statistics
4, For 911 systems, signal separa- 2, Provide for rerouting of
tion of voice and digital AN/ emergency and (nteragency
ALl data tie-lines to specified backup
points in the event of failure
5 For 911 systems, hne control of dispatch center
signal separation communications

Another point to be considered 1n connection with the
911 system 1s that the telephone company will have to sepa-
rate calls along jurisdictional boundaries, if a cooperative multi-
Jurisdictional system 1s set up, there will be fewer boundarnes
requiring separation and the costs should be lower,

Other telephone system features that are commeonly
assoctated with the 911 system are line control features (cali-
Ing party hold, re-ring, and forced disconnect) and the ANI/
ALl feature, The line control features should improve the
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handling of calls by the CBOQ, and the ANI/ALI feature can be
incorporated 1to an automated command and control system
in such a way as to elunmate the necessity for the operator’s
entering the call-back number and address on the incident rec-
ord, the computer can make this entry automatically from the
ANI/ALI data provided by the telephone company 1n digital
form. It has been found that 80 to 90% of reported incidents
are at the address from which the call 1s made or within a few
doors of 1t, The ANIfALI feature should also reduce the vol-
ume of crank calls, since callers will know that their location 1s
being recorded,




Telephone system functions are shown i Figure 10. The
functions shown are briefly described below.

date code recording. Tape log playback typically is
an off-ine operation requiring tape searching to a
specified period of time for voice track playback.

©  Patch Panel — A terminal block assembly where all The voice playback unit and the time code
telephone circuits and private tielines terminate translator/tape search unit are also used for play-
for distribution and mterface to other telephone back of the radio subsystem’s voice log tapes.
equipment.
e Time Code Generator — A time standard that pro-
° Voice Log RecordfPlayback — Magnetic tape vides the serial time-date signals for the telephone
recording of all circuit Imes selected for answenng and radio channel voice log recorders This umt
by the dispatch center operators. The voice log also provides paraliel date-time data to the system
recorder typreally provides for continuous 24-hr processors and  digital  data  multiplexer/ )
recording of as many tracks as there are CBO work demultiplexer for event synchromzation and time
positions and an additional track for senal fume- tagging of messages.
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Fig. 10. Telephone communications
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Automatic Call Distribution (ACD) — ACD is a
computer based programmable electronic switch-
mg system with the following charactenstics
(1) Load balancing call distribution among the
active operator consoles or to external
centers,

(2) Avutomatic record keeping and traffic statis-
tical analysis for all voice/digstal lines

(3) Detects and separates voice from digital
ANIJALI preambles for transfers to CAD
and operator displays

(4) Overload call alert signaling to operator con-
soles and control of automatic playback
overload condittons messages to callers on
temporary hold

(5) Mixed handling of pulse and touchtone dial
telephone sets

Self-test and line test

(6)

Prerecorded Message Answering — A tape recorder
and playback unit under the control of the ACD
can be scheduled to give a prerecorded message
and accept the citizens complaints during periods
of unanticipated heavy call loads due to unusual
conditions, Duning this period of unusual activity
the prerecorded message may indicate that the
department is aware of the condition and that if
there is new mformation, to record 1t for CBO
review. This type of message can be given easly
when a call from the area of the scene is detected
from the ANI/ALI data,

Voice/Digital Conditioning — This assembly con-
sists of line amplifiers, tone and volume controi
for interfacing the operator’s work position voice/
listening equipment with the telephone trunk cir-
cuits, Signal conditioning for digital teletype and
high speed data modems are included to terface
the data processing equipment with the tie-lines to
other faciities,

Work Posinion Egquipment — Typically all work
positions are equupped with full telephone capa-
bilities through a telephone company instrument
or custom mode push-button bghted controls to
select tie-lmes, 7-digit dialing, administrative (cen-
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ter) policeffire call-box or 911 calls via the ACD.
The dispatch and supervisory consoles typically
mclude a sumilar lighted push button for radio
channel selection as described for the telephone.

All consoles mn a modern system imnclude an instant
record-playback umt to capture all voice traffic (telephone-
radio-intercom) for playback to the operator on demand,

Telephone operations 1n an automated command and
control system are very similar to those in a manual system,
but advent of the 911 emergency number system will change
the operations significantly 1n any case, as already indicated,
Some of the ways in which telephone system operations are
affected by the change to an automated system are the
following.

° Statistics on incomung cails and other telephone
usage are collected automatically.

With a 911 system, provision must be made for
sorting 1ncomung calls (pohce, fire, emergency
medical, other) and relaymng them to the appro-
priate points.

With a 911 system, added capabulities are availlable
{ANI/ALI, line contol features) and can be incor-
porated into the automated system.

Special provistons must be made for a backup
answertng capability if the central answering facil-
1ty 15 unable to function for any reason

In the case of the 911 system, the police operator may
be the one receiving all emergency cails (75% of emergency
calls are for police) and relaying the fire and emergency medi-
cal calls to other points, Alternatively, there may be a special
911 operator who relays police calls to the police complaint
board operator (CBO), after which the procedure is the same
as flustrated in Figure 1,

The discussion n this manual will be based on the
assumption of a separate CBO and dispatcher Smaller police
departments (with a low rate of calls for service and not more
than 10 to 20 patrol units) are able to operate with the CBO
and dispatcher functions combined. The considerations
involved are discussed in the companion volume on Computer-
Anded Dispatching, That document also discusses the situation
m which there are two levels of CBO, with special CBO posi-
tions to handie long calls or a separate information operator to
handie data base queries The normal configuration for



medium to large police departments is separate CBO and dis-
patcher, with one level of CBO answering as shown m Fig-
ure 1. For a multjjurisdictional dispatch center serving several
small commumities, the volume of calls may not be great
enough to justify a two-level CBO answering arrangement. Ef
the patrol units have direct access to remote data bases
through therr mobile digital terminals, a separate operator to
relay such queries is not required. If dispatchers are required
to relay such guenies, however, it may be found dssirable to
remove this load from them by establishing a separate oper-
ator console for the purpose.

An aspect of telephone system operations that requires
constderation dunng the planning stage 1s a backup system for
answering calls for service in the event that the dispatch center
15 unable for any reason to handle them, The relative costs and
benefits of alternative backup systems should be analyzed as
part of the planmng process. Two possible arrangements are-

e  The telephone system can be duplicated at another
tocation, wrth parallel trunking of calls on a con-
tinuous or selective patching basis from the tele-
phone company exchanges. Some dispatchmg
capability, manual or antomated, should also be

provided at the backup facility,

Arrangements can be made with the telephone
company to mtercept calls to the dispatch center
during any periods when it is not operational, The
mtercepted calls can be answered by a prerecorded
message at the telephone exchange giving alterna-
tive numbers to call by area of ongn of the call,
or they can be automatically rerouted to selected
precinct backup answering points. If a mobile com-
mand post 1s deployed to substitute for ‘the dis-
patch center, the telephone exchange can reroute
the. calls to the location of the mobile command
post, Thius may prove to be the most cost effec-
tive option, since the mobile command post and
prepared sites for it may be required for other
reasons. Another possibility for rerouting calls
from the telephone exchange 1s fo route them to
local precincts, from which they can be routed
over existing land lines or microwave hinks to
another dispatch center

5.1.2 Quantitative Requirements Analysis

Procedures for deterrmming the numbers of CBO con-
soles are given m detail in the CAD manual, but will be
reviewed briefly here to iflustrate the effects of a combmned
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multicommunity dispatch center. Significant savings can be
realized by such a combined system.

Using the example m the CAD manual, we assume a
total system with the following parameters

° Busy-hour call rate of 200 catls/hr

. Average call duration 150 sec {includes time spent
n queue)

e  Mean service tume (time operator is falking to
caller) 110 sec

. Maximum average waiting tume of 2.5 sec

e  Maximum percent of calls receiving busy sig-

nal 0.05 (5 per thousand)

The trunk work load 1n load units is calculated from the
expression

- peak call rate (calls/hr) x call duration (sec)
3600 (secfhr)

Work load units

For the given case we have

—-203? 6{})(0150 = 8.33 load units,

Now from Figure 11 we fin¢ the number of load units (8.33)
on the honizontal axis and the maximum percent of busy calls
on the vertical axis (the lowest line it this case). We then take
the nearest curve to the right (the curves represent the
required_number of trunk lines), which 1s 17, This 15 the num-
ber required to meet the specifications under peak load
conditions,

C = NUMBER OF TRUNK LIMES
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Fig. 31. Trunkline design



The numbers of CBO positions® 15 determined stmilarly.
The parameters to be calculated are the delay units and the
operator work load, Delay units are calculated from the
expression

mean waiting time (sec)
mean operator service time (sec)

Delay units =

For our case this becomes

"]
1

IN

=0.023 delay units

—
<

Operator work load 1s calculated as

peak call rate (callsthr) x mean service time (sec)
3600 (sec/hr)

Work load units =

Or Il Our case

200x 110

3600 = 6.11 work load units.

The number of operators required is then determmed from
Figure 12, The 0.023 delay unit Iine runs horizontally near the
bottom of the figure, and intersects the vertical 6,11 load umit

3as noted, we are assuming a single level of CBQ answernng For the
case of a secondary operator to handle long ¢alls, see the CAD manual.
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line between the curves for 10 and 11 operators. We therefore
take 11 as the number of CBO positions required.

With these figures as a basis for the given total load, we
can now consider the requirements for separate jurisdictions
with the same total load, Let us assume that there are five adja-
cent communities with the load equally distributed among
them (40 calls/hr each) and the same delay requirements,

For each mdividual community we have

-40x150 _
Trunk work load 3600 1.67 load units,

From Figure 11 we find that this requires 6 trunk lines
{nearly 7) to meet the specification. For all 5 communities the
requirement 18 then 30 trunk lines, compared to 17 (with a
considerable margm) in the combined case. For the number of
operators we have for each community (delay units are the
same, namely 0.023)-

40x 110

T = 1,22 load units.

operator work load =

From Figure 12 we find the required number of operators 1s 3,
since the intersection falls between the curves for 4 and 5 oper-
ators For the 5 commumnities, 25 operators will be required.

UNITS OF WORK LOAD

Fig. 12. Complaint board operator position reguirements



In sumimary, we have:

5 separate multi-commumty
communifies system
Number of 30 17
trunk lines
Number of 25 11
operators

Not all of the indicated savings can be realized, since it
will be necessary in the combined case to have five tie lines
connecting the separate departments with the dispatch center
(or four if the center is located 1n one of the departments) On
the other hand, these tie lines may already be in existence for
intercommunity coordination In the case of the operator post-
tions, 1t will probably be necessary to have one operator
remain 1n each department to handle local requirements such
as walk-ins and calls transferred from other agencies. Even with
this tequirement, there is a net reduction of 9 {or 10 if the
dispatch center is located i one of the departments) operator
positions These are sigmificant savings in recurring operating
costs of the CBO fanction

b.2 Dispatcher Position

5.21 Functions

The dispatcher is at the core of the police command and
control operation, responsible for coordnating the patrol
forces to meet the rapidly changing demands for police service.
This coordination primarily takes the form of recering and
transmitiing messages that fall info five basic categories

o  Messages involving imtial assignments of cases
¢  Messages supporting cases in progress

¢  Messages supporting units on patrel

. Messages unvolving case dispositions

. Messaées relaying queries to remote databanks and

the answers to these queries.

The first category of messages covers the activities of the
dispatcher when a case first arrives at the dispatching position
finding an available patrol unit, giving that unit the address and
details of the case, assigning the umit to the case, and entering
this data mto the computer through the console keyboard
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The second calegory, supporting cases il pPrOgEIess,
includes messages from assigned patrol umts such as status
changes, requests for verification of address or location of
wformant, request for backup unit, or additional case wnforma-
tion to be entered 1to the computer file

The third category, support of units on patrol, includes
status messages, handling requests to talk to other patrol units,
clearmg requests for meals, and general admmistrative func-
tions not related to specific incidents

Those messages related to case disposition mclude the
case 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 umts, both on patrol and on assignment, for infor-
mation from remote files; most such quernes are for license
plate checks or wants and warrants checks

52,2 Quantitative Requirements Analysis

Smnce little information exists as to the maxmum num-
ber of cases that dispatchers can be expected to handie with-
out undue stress or loss of efficiency, 1t 1s difficult to establish
quantitative requirements for the number of dispatcher posi-
twons, particularly for those using relatively new techmigues
based on computer-aided dispatching In general, use of CAD
may not reduce the number of dispatchers needed at any one
time, since a large amount of the dispatcher’s tume is occupied
in talking and listening, nerther of which is accelerated by the
CAD system itself, although in combination with mobile dig:-
tal ternmiunals, a CAD system can reduce the average voice mes-

sage length

As descnibed in the CAD manual, we made video and
audio tapes of two CAD dispatch operations, one at the
San Diego Police Department and the other at the Huntington
Beach Police Department, to provide data on maxunum accept-
able loadings for these stafions. By measuring the dispatcher
busy time, that 1s, talking, listening and mampulating the CAD
terminal, during both slack and busy periods, and with as few
as 20 and as many as 47 cars assigned to a single dispatcher, we
observed that no more than about 25 cases could be handled
at any one time. At this level the voice traffic tended to
become congested, and dispatcher communications were
“compressed” to a mmumum, dispatcher busy tume reached
67% This case load represents an upper lumit, which probably
could not be sustamed for long periods of time, a lower case
load value should be used for design purposes, recogmzing that
occasionally the design loading will be exceeded for short per-
iods of time during extremely busy periods



The design value for dispatcher case loading was
established by conducting simulations of several dispatch
station operating modes. These modes included the following
procedural variations:

System A Separate CBO and dispatcher, dispatcher
does not handle queries toremote data
banks.

System B Separate CBO and dispatcher, dispatcher
handles queries to remote data banks.

System C  Dispatcher takes calls from public, but

does not handle queries to remote data
bases.

From the pomt of wiew of the system planner, the
mnportant result of this sunulation was that with any of the
systems sumulated there is a critical pomnt in the case arrival
rate beyond which performance degrades seriously either
because: (a) the dispatcher 1s unable to handle the increased
load without being subjected to undesirable stress and reducing
the level of service and (b) waiting times become excessive,
which deprades system performance because patrol umits can-
not communicate with the dispatcher satisfactonly. Channel
utilization could also become a lmmutmg factor at shghily
tugher rates if these other factors did not impose their own
himats.

To summanze, there 1s a cnfical case load value that
should not be exceeded. Taking into account both the dis-
patcher busy time limit and the waiting time Iimit (10 sec),
these critical case loads as shown by the simulation are
approximately

Cases per hour

System A 21
System B 11
System C 8

These figures alone would suggest that Systems Band C
are about equal, but there are significant differences The chan-
nel utibzation remamed very low for System C at all points
because the dispatcher 1s taking calls from the public, these are
relatively long cails and use no channel time at all Note also
that m our simulated System C the dispatcher does not handle
remote data base queries, as 1s the case in System B. If the dis-
patcher had this added load, System C would be out of the
question except for very low case loads.
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The conclusion 1s that the first step to be taken to
increase the capacity of a dispatcher position 1s to separate the
CBO function 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 hus patrol umts. He can concen-
trate on the dispatching job, which has enough stresses of its
own in a large command center, without the added stresses
1nvolved in taking calls from the public

Another important function of a separate CBO 1s to fil-
ter calls from the public, some fraction of these calls do not
require a response from police or other emergency vehicles,
but 1f the dispatcher takes a call directly he must do the fil-
tering at the expense of his other functions. The separate CBO
can also improve public relations if a busy dispatcher is unable
to give as much time to a caller as the caller would like.

There are two ways i which the handiing of remote
data base queries can be separated from the dispatcher func-
tion. One is to have a separate position for this function This
18 a refatwely sumple change to make, and the information
operator can keep track of other situations such as tow
requests and ambulance requests,

The other possibility becomes available when the patrol
umts are equipped with mobile digital terminals With suitable
software and equipment m the command and control center,
queries to remote data bases (normally Department of Motor
Vehicles and NCIC, which are already computenzed) can be
relayed automatically from patrol unit to remote data base and
back, with no load on the center personnel

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

It 1s relatively simple to deterrmine the number of dis-
patchers needed for a given center. Since the system should be
sized to handle the heaviest expected load, the number of cases
in progress during one or more of the bustest hours should be
counted. This becomes the load to be handled Now the maxt-
rmum allowable case load per dispatcher 1s determined, the fig-
ures given above from the simulation are good starting points
for this determination. The planner can modify these if he
feels 1t 15 appropriate 1 hght of conditions n his department,
or he may have some combinations of functtons that does not
correspond exactly to one of the three systems modeled

As an example, let us assume the planner expects to have
a System A configuration where the dispatcher handles neither
calls from the public nor remote data base quenes. Our simula-
tions (and our observations) indicate that with this system, one



dispatcher should be expected to handle at most 25 casesfhr,

which is shightly more than the 21 casesfhr recommended
above, based on a maximum waiting time of 10 sec. 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 casesf/hr. The number of dispatchers 1s then:

Case load _80_
Cases per dispatcher 25

3.2

which means four dispatcher stationg will be needed.

The above analysis of dispatcher work loads can be sum-
marized as follows.

Only in a small department with low maxmmum
case loads 15 it practical to combine the CBO and
dispatcher functions.

Relieving the dispatcher of the task of handing
data base queries makes a significant increase in
dispatcher capacity for managing patrol units and
monttoring incidents.

Dispatcher loads should be sized to keep the aver-
age maximum busy time to about 50% (with this
average, there will be shori-term peaks when the
dispatcher is well above this figure).

8.3 Radio Communications

Most police departments contemplating the acquisition
of a new, automated police command and control system
{including a combined muiti-community system) will aiready
have a radio communications subsystem in place. The planner
needs to determine what new requirements will be placed on
1adio cormmunications by the new system, and the best manner
of meeting those new requirements, This section describes the
overall requirements for radio communications as a basis for
determining what changes or additions will be needed. Ques-
tions affecting this function need “early attention because of
the sometimes difficult problems of spectrum avasdlability and
FCC Licensing.

5.3.1 Functions

The pomeipal funchons radio communications are
required to perform are listed mn Table 4. Another way of con-
stdering this function 1s to consider that 1t must support the
operation of four types of networks:

The Dispatch Network consists of the voice and digrtal
channels connecting the deployed field personnel and
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the dispatch center. It prowvides for all the normal opera-
tions of dispatching, including patrol urnut assignment
and status messages, data base queries, and support or
monitoring during the course of mcidents.

The Tactical Network provides for direct communica-
tions among deployed personnel without loading the dis-
patch network. The tactical network is also the main
means of on-the-scene coordination of emergencies and
anusual occurrences from a mobile command post. Tac-
tical messages are primarily voice, but digital messages
may be used occasionally because of the added privacy.

The Emergency Signaling Network 1s a dedicated channel
or set of channels for use by field personnel to transmit
an emergency message prior to or in place of a voice mes-
sage. It 1s typically a coded dipital message 1dentifymng
the officer needing assistance; the dispatcher then deter-
mines the officer’s most likely location and dispatches
the appropriate assistance.

The Special Functions Network is used by specialized
groups of nfficers requinng special types of communi-
cations (command and supervisory groups, specal forces,
vice, narcotics, and intelligence units). The special func-
tions network serves prunarly to provide communica-
tions within such groups; communications between a
group anc other groups would be via the tactical
network.

The digital traffic (in any of the networks) can, unlike
voice traffic, use one or more channels as requared by the load
Mixing of functions in digital channels is feasible because the
communications processor can readily separate and route dif-
ferent types of messages m accordance with source-destination
preamble codes associated with each message.

Modern law enforcement radio communications subsys-

tems normally provide for unique identifier codes to be trans-

mitted automatically whenever the mucrophone of a mobie
uhit is keyed for a transrmssion The identifier can be 1 the
form of a preamble m the voice channel or may be transmitted
over a separate channel, In the latter case the mobile unit can
queue its ID code for channel access and monitor when the
chanmnel is busy

Digital messages are used to supplement the voice link,
which remains indispensable in all cases The voice Iinks should
be designed if possible to handle the peak message traffic
under emergency conditions, when the transmission of digital
text messages may be lower than the equivalent voice
messages



The channels available to a given law enforcement
agency can be assigned fo the vanous functions and networks
in accordance with the agency’s needs Some channels are per-
manently assigned (e g., the emergency signaling channef),
while others can be dynaoucally reassigned in accordance with
demand. Modern programmable communications processors,
combmed with multichanne! mohile units, provide a high
degree of flexibdity in radio channel management, making pos-
stble efficient use of the avaidable freguency spectrum.

Such network control operations are implemented by a
subaudio code on the voice channel or by digital codes on a
dedicated network control channel. When the mobile or port-
able vnits have multichannel capability and automatic channel
scanning, 1t 1s possible to have selective addressing of individual
units or groups of units, with the recewvers of the cther units
muted. As noted above, the mobile unit ID code that 1s trans-
mutted automatically when the microphone is keyed can be
used as a channel assignment request and placed 1 a queve 1f
the channe] 1s busy at the moment, with automatic notifica-
tion when 2 channel becomes available.

This dynamic channel assignment feature made possible
by the programmable communications processor 1s also appli-
cable to the tactical and special-purpose networks. Channels
can be assigned to these functions as needed, using the total
pool of assignable channels, or a spectal channel can be dedi-
cated to these networks for the period of expected need.

For a combined multyunsdictional dispatch system, the
feature of selective addressing may be particularly attractive
With this feature, dispatch messages to a given community
would be heard only by the patrol umts of that community
and not by all umts in the total combimned fleet.

The system planner should be aware that current FCC
rules allow a law enforcement channel to be assigned exclu-
sively only if 1t services at least 50 umts (portable umts count
as half units). It should also be kept 1n mind that channels can
be assigned only to some legal entity; this means that a com-
bined multyurisdictional system must establish a separate legal
entity for this purpose as well as for other reasons,

It was noted earlier that digital traffic can be assigned
arbitrarily to one or more channels, smece 1t can easxly: be
sorted out by the communications processor and routed to the
appropriate destinations For example, a given mobile unit
digital terminal can transmit a status message that will auto-
matically be routed to the status file of the appropriate dis-
patcher, and follow thus with a remote data base query (say a
license plate check) that will be automatically relayed to the
remote data base without going through a dispatcher or opera-
tor in the dispatch center. The response can also be auto-
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matically routed to the requesting mobile unit (although most
systems provide for dispatch center printout of such queries
and responses for later reference if needed). Digital messages
between mobile umts (tactical messages) can also be auto-
matically routed to the addressed mobile unit by the commu-
nications processor, which detects the addressed umit code and
selects a channel for relaymg the message to that umt,

Technical advances in hand-held portable units promise
to make the same capabulities available for this kind of equap-
ment in the near future.

The emergency signaling network, which as noted should
have a dedicated channel, typically relays the emergency mes-
sage with officer ID through a set of momtor receivers located
for optimal area coverage. The message 1s transmutted from the
monitor to the dispatch center and to specified backup recep-
tion points for appropriate action.

The radio traffic monitormg equipment, typically
computer-based, is essential for efficient radio channel man-
agement. It provides the data on channel loading and access
delays that serves the basis for programmng channel assign-
ment procedures in the communications processor m such a
way as to mininize access delays and make maximum use of
the available channels.

A microwave backup net was specified in the functional
requrements of Table 4 Such a network can be used for
normal or backup commumications among facihities {e.g., com-
munity PDs) i a system, provided it has multiplexing equip-
ment for voice and digital messages. Vans with microwave
antennas can be used in conjunction with the mobile command
post to provide secure-commumnications while the mobile post
18 in operation,

5.3.2 Quantitative Requirements Analysis

The quantitative requirements for radic communications
are determined primarily, as in the case of the telephone sys-
tem, by the expected peak rate of calls for service. The param-
eter of interest is the channel loading percentage, or the
percent of time a given channel is actually occupred by mes-
sage traffic Considering the random nature of radio traffic, &
channel loading of 60% is very high and can be tolerated only
for brief periods. At this loading, channel access 1s becoming
difficult and there are many delays that reduce the effective-
ness of the command and control system and even compro-
mise officer safety.

Analysts of channel loading 15 a complex subject, it is
treated briefly in the compamon manual on Mobile Digital



Table 4. Radio Communications Functions

vids two-way voice communications
between {ocattons in the jurisdiction
from selected command and control cen-
ters {chspatch center, local precinet,
emergency control center, mobtle com-
mand post), N

2. Provide the above communication capa-
bility for dispatching of 50 mobile units
or 100 portable units maximum per
chzannel, -

3 Provide at least one clear channe! for
city-wide tactical operations of mobiles
and portables,

Eal

Prowvide one secure channel for mobiles,

o

Provide for directradio traffic between
mabiles and portables or any combina-
tion of mobiles and portables within a
range of one mile.

8. Provide tactical channels as needed for
rmulti-agency coordination of deployed
forces.

Dugital 1. Provide two-way digital communications
Communications from at least 95% of the iocations in the
junsdiction between mobile and portable
units and selected command centers
{see above}

2 Provide a data rate of at least 120 char-
acters/sec, sncluding digital synchroniza-
tion, addressing error coding/decoding,
and message repeats.

Item Requirements ‘ ftem Requiremants
Voice 1. Under condstions of peak call rate and 3. Provide the above capability for dis-
Communications maximum patrol unit deployment, pro- patch cperations with 200 mobules or

portables per channel for a channel
contention net or 100 for a channsl
polling net.

4 Provide for digital identification of
voice microphones in mobiles and
portablss and for digital emergency
signaling  Emargency signaling must
be on a dedicated emergency channel.

5 For Automatic Vehicle Location
{AVL) systems based on digital trans-
misstons from patrol units, provide
the required interface with the AV,
equipment n the vehicle.

Tape Logs 1. Provide for tape fogaing of all voicef

digital transactions and for instant
- tape playback of voice traffic to

dispatcher.

Backup Micro- 1 Provide microwave link backup to

wave Links voice and digital land hnes including
those to primary radio sites.

3

Radio Channe! 1 Prowide for radic channel monitors to

Monitoring collect statistics on radio channel
usage s

Interface 1. Provide interface switching and signal

Equipment conditioning between leased tele-
phone tie hines and racho transmutf
recesve sites.

Communications and will be covered here 1n summary form A
point of major significance for the planner 1s to determine
what fraction of the total message traffic can be transmitted in
digital form; this has an appreciable effect on channel loading
because digital messages require less channel time and band-
widih than the eqmvalent voice messages.

The beginmung of a channel loading analysis 1s a study of
the exusting traffic on a given channel or set of channels. The
parameters to be determined are:

(1) Percent of the total available “air time™ the chan-
nel is actually occupred (channel loading)

(2) Message types (normaily status, dispatch messages,
queries/responses, and other text messages)

(3) Average length of message for each type

(4) Average number of messages of each type trans-
mitted per hour

(5) Percent of all messages that can be handled in digi-
tal form’ (this is determmed from a review of the

length and content of each message type)

An example of such an analyss, taken from the
Los Angeles Police Department, 1s given in Table 5. Message
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Tahle & Radio Message Analysis

Table 6. Results of Digihization

No of Average
Message Type Messages Duration, sec
Data query response 57 531
Status 385 1.1
Dispatching 84 674
Other text messages 109 581

types and durations were deterrmmned from listening to live
base to mobile broadcasts over a [-hr period on a Friday
evemng

For the hour analyzed here, the channel loading was
found by adding all the *“atr time™ used by all the messages and
dividing the total by 3600 (seconds in an hour) The lcading
was 59 2%, which is very high, With this loading, the statist:-
cally expected waihing tume can be 5 sec or more, which is
unacceptably high_

Considering now which messages could be handled in
digital form, 1t 1s clear that status messages are easily digitized
(some simple systems digitize only the status messages).
Although status messages are by far the largest in number,
their duration 1s short even in a voice system and m this case
they use less than a third of the total air tume. A similar tab-
ulation for the mobile to base traffic showed that status mes-
sages were 47% of all messages, but used only 18% of the air
tune Thus converting status messages to digital form can help
reduce congestion, but not so dramatically as mught be
thought

In general, 1t 1s possible to consider digitizing not only
status messages, but queries and responses and a large portion
of dispatch messages. A case of maximum digitization might be
one m which all of these message types were digital, with only
the fourth category left for voice transmission (this 1s not a
realistic case, but provides a theoretical upper limit of digiti-
zation) Taking some typical values for transmission rates
(150 charactersfsec) system delay (internal delays i the elec-
tronics, 0 75 sec here), and message lengths, we would have
the results shown 1n Table 6 These results are to be compared
with the previous {able, except that the volume of data query
response messages has been multiplied by five to represent the
mncrease mn this type of message that normally occurs when
direct data base query from mobile umts 15 implemented.

The total air timé used by this combination of digital
and voice messages 15 1423 sec or a channel loading of 39 6%

No of No, of Message
Messages Characters Buration,

Message Type per hour per message sec
Data query response

hit 43 100 ¢ 67

no hit 242 25 017
Status 385 8 005
Dispatch 84 150 101
Other text (by voice) 109 - 551

This 15 to be compared to the 59 2% m the all-voice case,
with five times as many query/response messages On the
other hand, this 15 a maximum case of digtization and proba-
bly would not be encountered 1n practice

Figure 13 and Table 7 summarize the effects of convert-
mg different portions of radio traffic fo digital form, using the
type of calculation performed above for the Los Angeles data
The graphs on the left show the effect on channel loadng,
while those on the nght show the effect on the critical param-
eter of waiting time for a mobile unit to gain access to a
channel

A vanable of interest 15 the number of patrol units that
can be handled with the gven channel loading or delay time,
since thisis of major concern to the planner The ponts labeled
“present system” were based on a fleet of 40 patrol umits Note
that the four graphs at the top all assume that digstal traffic
1s carried on the voice channels on a shared basis; the bottom
graphs reflect the results of having a dedicated digital channel.
The pornt of mterest from these graphs are.

L With any degree of digitization, system delay time
becomes mmportant (compare the (a) graphs with
the (b) graphs, the lower curve reaches 40% chan-
nel loading with about 50 patrol uruts in (a), while
with the 100-1 msec delay time of (b}, it reaches
the same channel loading with 80 patrol umnits).
The reason is that digital messages are typically
so short that the system delay trme i1s a significant
portion of the message duration. Modern sohd-
state systems can typically attamn delay times of
100 msec

. Channel loading vanies lmearly with number of
patrol units, but delay time 1s nonhinear and begins
to rise much more rapidly as the number of patrol
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Table 7. Channel Assignment Options

Voica Channe! Digital Channel
Wait Wart
Tims, Tune,
Option Loading s6c Loading sec
1: Original all-voice channel 0723 ] - -
2 Shared voice/digital channel
a Digital query and status, text by voice 0530 3 — -
b Digital query, status, and limited text, 0388 14 - -
remaimng text by voice
3 Ongnal voice plus dedicated digital channel
a Digital query and status, text by voice 0365 19 004 <01
b Digital query, status, and himited text, 0190 0.8 007 <01
remaining text by voice
4 Two voice channels 0361 0.9 - -

units mereases The planner should probably estab-
lish waiting time as the hmiting parameter

. The effects of digitization are significant; taking
the middle graph on the night as an example, and
assuming a 4-sec limit on delay tune, the number
of patrol units the system can handle increases
from 40 to about 100 with full digitization.

. Use of a dedicated digital channel dramatically
reduces the channel loading and waitmg tune for
digital messages (not that these curves do not
reflect the loading or waiting time in the indepen-
dent voice channel) Waiting time never reaches
0.4 sec even with a fleet of 200 patrol units

The data of Figure 13 are summarized in Table 7, which
shows the effects of various levels of digitization on channel
loading The points of imterest outlined above are underscored
by the comparisons drawn tn the table

The preceding discussion of channel requirements has
not included any load on the subsystem resulting from an
Automatic Vehicle Location (AVL) system. Some AVL sys-
tems (see Section 5.7) place no requirements on the radio links,
while others depend on the transmussion of signals on the
mobile-to-base link only, and still others place a load on both
base-to-mobsle and mobile-to-base hnks. For the dead-
reckonmg type of AVL system, the patrol unit confinucusly
determines 1ts own location and transmuts from 9 to 20 char-
acters of location data erther automatically with each status

message or on demand from the dispatch center Some sign-
post systems place about the same small load on the channels
Systems that mvolve polling all the patrol umts, however,
probably require a separate channel dedicated to AVL func-
tions If polling rates are low, they might be accommodated on
the regular digital message channel. In case of some special
situation requinng high polling rates, a separate channel could
be assigned for the duration of the situation

Dynamic channel assignment by a special communica-
tions processor was mentioned earlier m this section The
quantitative advantage of such dynamic assignment 1s indicated
in Figure 14, which shows the probability that all channels are
busy as a function of the number of channels that can be
dynamically assigned in accordance wrth mstantaneous changes
1 demand. The upper line for a single channel stmply indicates
that 1if the channel loading 1s 30%, then there is a 30% proba-
bility that the channel will be busy If there are four channels
that cannot be reassigned, there 13 stifl 30% probabulity that
all four channels will be busy if the channel loading 1s 30%
However, if we allow channels to be dynamically assigned
(1e., any channel can be instantaneously assigned to any mes-
sage needing a channel at that instant), we can read from the
curve for four channels that the probability that all four chan-
nels will be busy has dropped to 0.04 (from 0 30).

From the point of view of the planner confronted with
the usual problem of msufficient radio channel capacity, this
result has two important implications

. If he has more than one channel i1 use and they
are not dynanucally reassignable, he can releve
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channel congestion significantly by providing for
such dynamic reassignment (by a computer-based
communications processor}. Note the large mm-
provement attamed by gomg from one channel to
two on Figure 14 (for the 30% channel loadmg
case, the probability that both channels are busy
drops from 0 30 te 0.15)

if adjacent small communities have a single channel
each, they can effect a dramatic improvement 1n
channel avalability by ecstabhshing a combined
multijunsdictional dispatch center with access to
all the channels Note that the privacy of messages
to each community’s patrol fleet can still be pre-
served by selective addressing as described earlier
(for digital communications), Taking a case of four
communities with one channel each and a peak
channel loading of 50%, the probabdity of having
no channel available to a given patrol unit at this
peak pertod drops from 0.50 to 0.18,

5.4 Data Processing

The data processing subsystem consists of the computer,
its programs, and the devices connected to 1t (consoles,
printers, communications processor) which perform operations
on the digital data. It provides the capabilities for storng,
manzpulating, and distributing the data vsed for command and
control operations,

The functions required of the data processing subsystem
are shown 1n Table 8. It should be noted that these functions
are performed by the software (computer programs) operating
mn the data processing hardware, not by the hardware alone
One of the major advantages of using such a system is that it 13
easly modified io accommodate changes m procedures,
requirements, or equipment simply by rewnting the software;
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hardware changes are seldom needed ¢ven for major modifica-
tions in the system,

For a combined multi-commumty command and control
system, the data processing subsystem functions would be
essentially the same as those hsfed in Table 8. The reports
output by the system could be tailored to the specific needs
of each commumty, and the incident data could easily be
sorted by community so that each would receive reports
only on incidents of interest to it. No special requirements
are placed on the data processing subsystem by a combined
multyurisdictional operation, and the relatively high initial
costs of the data processing subsystem can be much more
easily justified for such a combined operation than for an
individual small commusty,

Quantitative requirements for the data processing sub-
system can be established only on the basis of a detalled
analysis of the proposed system design and the numbers of
work positions as well as the volume of messages to be handled.
In general, current mimcomputers have enough capacity fo
handle the dispatch center operations for a patrol force of
20 umts and a peak call rate of 50 calls/hr, this assumes that
the data processing subsystem handles the full range of func-
tions discussed here. For the computer-aided dispatching func-
tion plus limuted additional tasks, a modern minicomputer can
handle a load of up to 200 calls/hr and 100 patrol units.

In desigming a data processing system configuration, 1t is
often desirable to provide for two CPU’s (the CPU 15 the Cen-
tral Processing Unit — the computer alone without any pen-
pheral equipment), The second unit not only improves the
reliability of the system by being available mn standby, but
can also be used to increase system capability during normai
operations (background processing). Alternatively, the load can
be shared between the two units as long as both are opera-
tional, and procedures can be established to provide for “grace-
ful degradation to a slightly lower capability in case one unit
fadls,

There 1s a current trend toward distnibuted processing
that may be of nterest to the planner considering a new auto-
mated command and control system This term refers to the
configuration m which the data processing 1s performed by a
number of small units at various locations where 1t 15 most
appropriate for a gwen type of data to be processed An
example is the so-called “smart terminal” which performs
some of 1ts processing (such as display construction, refresh-
ing and control) on a processor i the terrmmnal instead of
having the ceniral computer handle these tasks. This trend
toward distributed processing is being accelerated by the
mcreasing avalability of mexpensive and powerful fucropro-
cessors that can be programmed to perform tasks ranging from



Table 8 Data Processing Functions

Item

Requiremants

Itam

Requirements

Support
Computer-Aided
Dispatch {CAD}
Systern

10

by

11

12

13

i4

Service log-tn procedures for incidents
received at CBO console, transmitted
from patrol urits with mobile digital
terrminals, or entered into the system
from ather sources

Service digital messages from selected
alarm systems

Process ANI/AL! data received on tele-
phone lines for 911 systems and enter
the data into the incident log-in and
display

Add date, time and seral number to
logged-1n 1ncident records

Maintain queue of logged-in incidents for
dispatcher attention, ordered by priornty
and time

Check files for duphicates of logged-in
incidents and display records of duplicate
to CBOf found

Check geographic file for prior history or
other data on the qiven address and dis-
play on record

Determine locations of nearest patrol
units to incident address from status and
location files and display to dispatcher

Process digital dispatch orders entered at
dispatcher keyhoard for transmission to
designated field unit's MDT

Display all Priority 1 sncidents on super-
visor's {watch commander, tactical
officer) console

Add time to incident record when receipt
of dispatch 1s acknowledged by MDT

Maintain fite of all pending incidents,
including those deferred, with actions
mneluded i fule record

Maintain status file of all patrol units,
grouped by dispatcher, for display on
conscles Status change inputs will be
direct from MDT's in vehicles

For centers with AV L systems, compute
patrol unit focations from received data
and enter most recent location in location
column of status file

Support of Auto-
matic Vehicle
Location {AVL)
System (iIf AVL
1s employed)

5

16

17

18

19

1

L

Montor lines from emergency alarm
system and generate appropriate
alarms on designated consoles when
an emergency message 1s detected

Monitor elapsed trme since last mes-
sage from each field unit and gener-
ate alarm when stipulated period has
been exceeded Display last known
location of the unit along with unit
1D and alarm signal

Process for permanent logging,
including time and date tagging, all
dispatch transactions

Marntain table of personnel currently
signed on

Display on demand 2 table of out-
standing transactions for review by
newly signed-on personnel

Maintain file of latest known vehicle
tocations from data received through
the AVL system

Update dispatcher statusfiocation
files with location data on vehicles
under control of geach dispatcher

Determine the nearest un:t to a given
address and supply this information
to the CAD support software on
demand

Generate and update on designated
terminals an area map showing latest
locations of patrol umts Indicate
when a unit leaves the area covered
by the map or enters it

Using data from the AVL sensors,
provide dynamic tracking of selected
units, tabulating the major intersec-
tions crossed

On demand, provide for a continuous
log of movements of selected vehicles
over a given time period

Exercise self-test features of the AVL
system and display on selected con-
sole the appropriate preventive mamn-
tenance schedule or repair request
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Table 8 Data Processing Functions {contd)

Itern Reguirements Itam Reqguiramants
Remote Data 1 Add time and date tags and seral num- 5 Maintain such special files as are
Base Query/ bers to all data base query and responsze required {emergency sittuations, eto }
Response messages
Support Non-Real Time 1 Provide processing as needed of data
2 Mamtain log of all data base quertes and Processes handled during periods of manual
responses operation, 1n order to bring automated
system up to date for restart
3 Dusplay query format on termnals orig-
inating queries and perform edit func-
tions of the input data 2 Provide accesses for updating perma-
nent files, playback of tape fogs for
4 Monitor response message for positive specified penods, and modifications
responses {"“hits”) and notify the query- of stared contingency plans
ing unit immediately Route all "hit"”
responses with their gueries to the
printer for printing, and notify selected 3. Prowide programs to generate all
supervisory consoles of “hits’’ of selected types of required management
categories reports hased on accumulated data
over specified periods
5. Negative response messages may be
aceumulated for 30 sec or until the last
data base queried has responded if that 4 Provide facilities for traiming of new
ts less than 30 sec personnel
Management 1 Maintain table ef personnel on duty
Data 5 Provide facilities for development and
2 Maintam activity file of each persen en test of new software
active duty
3 Provide for tape logging of all Files 1. Provide and maintain all system files
transactions (intelligence, teiephone directory,
incident, geofile, personnel, et¢ )
4 Maintain load statistics for telephone and See CAD manual for detailed descrip-
communications systems tion of files

very simple to relatively complex. In a dispatch center, the
AVL function or the processing of data bhase queries snd
responses could be assigned to separaie processors, for example,

Distributed processing 1s also a useful concept where a
planner wants to develop a new system in a phased manner
over a pertod of years. A new capabdity can be added with
its own new mini- or microprocessors, without requiring major
redesign of system hardware or software.

Quantitative requirements for data processing subsystems
are determined from detaded analysis of a particular proposed
system. The parameters to be determined from such an analysis
include-

e average instruction executzon time

39

. mstruction set avaslable with a given machine

. maximum directly addressable main memory

° capability and time for direct {ransfer of memory
data to and from peripherals and. communication
circuts

e  avalable penpheral equipment (disc storage umits,
prnters, tape unts, etc.) compatible with the
machine

e  Cost per unit of capability (instructions, memory)

Section 5 presents an example of sizing analysis for a
multi-community design concept,



5.5 Digital Communications Subsystem

The digital communications subsystem (DCS) provides
for commumcation among all the people m the command and
control system, among the different kands of digital equipment,
and between people and the digital equipment (computer, con-
soles and displays, printers, communications processors, etc).?
The speed and flexability with which information can be
handled n digital form make possible all of the automated
operations associated with automated command and control.

A simplified block diagram of a digital communications
subsystem 18 shown 1 Figure 15. The communications pro-

3D1g1tal radio commuiucations (e g, base to mobile and mobile to base
channels) are discussed 1 Section 4.3,

cessor shown in the diagram as a separate box may in fact
consist mostly of software within the computer. It can be
seen that once a call for service 1s answered by the CBO,
all the processing of an mcident 15 in digital form except for
the voice messages between patrol unit and dispatcher and
the actual response of the patrol umt to the scene, All records
and logs are kept 1 digital form except for the tape log of
CBO and dispatcher conversations. From these logs of dig-
tal data, all kinds of routine and special reports and analyses
can be produced rapidly and inexpensively by the computer.

5.4.1 Functions

The functions of the DCS are summartzed in Table 9,
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Fig. 15 Dugital communications subsystem
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Table 8. Functions of the Digital Communications Subsystem {DCS)

{tem Requirements ttern Reguirements
Channel cantrol 1 Continuously moniter all nondedicated 2 Detect and decode |1D"s from silent
channels for availablity, monitor all alarms and alarm boxes and route to
input lines for messages requesting chan- appropriate alarm withun the dispatch
nel, assign messages to channels to center
minimize delay
4, Decode ANIJALI data arriving on
Diaital Message 1. Detect and route digital messages from telephone lines and display or print
Processing mobile digital terminals to indicated as needed
destination (dispatcher, remote data base
modems, other)
Access Control 1 Provide sign-on/fsign-off control for
2 Route cdigetal messages from dispatcher to all user terminals
addressed MDT
2 Prevent access to security tables
3 Route digital messages from one MDT except to designated command per-
directly to one or more others sonnel with control keys
4 Route digital messages within the dis- 3 Provide a data entry point for system
patch center file updating from designated
control-key entry terrminals
5. Decode and display or print digital mes- v
sages as required 1. Collect, at designated intervals,
Operating statistical data on digital message
1D detection 1. Detect and decode 1D preambles on mes- Statistics traffic and channel utilization for
and processing sages from patrol units and route to transfer to the management data bank
status files or dispatcher
1. Provide for self-test, interface line/
2 Detect and decode emergency messages Testing chaninel and terminal testing on
from the emergency network and route demand from the terminal
to appropriate alarm displays

In large systems or those with widely separated facilities,
the DCS may include a message concentrator multiplexer/
demultiplexer that concentrates the digital traffic from a num-
ber of local sources for transmussion-over the link to a remote
facility, This technzque reduces the required number of tie
lines and modems (a modem is a modulator/demodufator
needed to put the data on a carrier for transmission over a
land line or radio hnk).

A major reason for the flexibility of digital communica-
tions 1s the simplicity of routing messages. Each message hasa
short preamble of a few characters that identifies 1ts source
and destination (or destmations). The communications proces-
sor reads this preamble and then directs the message along the
correct path. The preamble is ordinanly added to the message
automatically at the source in accordance with the type of
message. The routing of messages can therefore easily be
changed by changing either the preamble or the protocol (set
of directions) within the message processor, No physical
changes of wires or plugs are required. It :s this flexibility that
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makes 1t impossible to intercept and reroute calls at the
telephone exchange under emergency conditions, or to havea
dispatcher’s messages to and from his patrol units easily
rerouted to a new console 1f tus regular console fails for some
reaso1,

The quantitative requirements for a digital communice-
tions subsystem depend on many factors, including the spe-
cific design of the dispaich center equipment, and no general
rules of analysis can be given. The example system design
given m Chapter 6 will ilustrate the procedure, however.

A few of the technical choices that will face the planner
in. connection with the digital communications subsystem are
briefly outlined below.

System Inter-ties, This refers to the imtercomnection
technigue used to connect two or more major facilities in a
command and control system, where permanent digital links



are needed, The hinks could also be to other agencies, The
available techmrques are:

Direct Pomt-to-Pomnt, Thus is the straightforward
procedure, with direct dedicated hines from each
facility to the others to be connected with it,
These are usually leased lines, and the lease costs
can be sigmficant.

Multrdrop Points, With this configuration it 1s
possible to shorten the overall length of the mnter-
connecting lines, provided that the points to be
connected are roughly on a line. Where it can be
used, it is generally the most economucal.

Dialup Acoustical Couplers. This type of mter-
connection 1s suitable only for connections that
are not needed on a full-time basis and that handie
only low data rates (1200 bps or less). Such cou-
plers are used with standard telephone sets, and
consequently can be used to establish links from
any point where there is a telephone service (as for
a mobile command post).

Crrcuit Types. Circmts can be of the following types, n
order of increasmg cost. 1) simplex; 2) half duplex, 3) full
duplex. The choice will depend on the nature and volume of
corunumcations to be carried over a given hink, Sumplex
means that data can travel in only one direction over the link,
Half duplex means that data can go m esther direction, but in
only one direction at a time. That is, if the line is being used to
tfransmit data from A to B, no data can be transmatted simui-
taneously from B to A. Full duplex means that data can go mn
either direction at any time. Data links within a dispatch cen-
ter are normally full duplex, but interfacility links mught be
satisfactory with half duplex if the volume of traffic 1s low.

Modem Types. As noted above, a modem is a device
used as the interface between a facility generating or receving
data and the line over which the data 1s to be transmitted, For
low data rate links, the acoustic coupler with a standard tele-
phone set is an adequate modem, For higher data rates 1t is
necessary to have permanently connected modems that syn-
chronize the data for better error control and more efficient
transmussion. Modem costs increase with data rate, and the
planner will need to constder the leasefbuy option. For small
quantities of modems, the lease/buy crossover point is at about
3 yr (1.5 yr for large quantifres, which is another potential
saving with combined multijurisdictional systems).

5.6 Display and Control Subsystem

The display and conirol subsystem 1s the principal man-
machine interface m the command and control system. It con-
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susts of the dispaich center consoles, any terminals in other
facalities, the mobile digital and voice termunals in patrol units,
and all the display and control elements within the dispatch
center such as the microfilm display device, printers, slide pro-
jectors, plus the manuals and forms used to support the
operation.

Since the displays and keyboards of the dispaich center
consoles and the mobile digital termnals are used constantly by
dispatch center and field personnel, their design 1s a matter of
importance and should be given careful attention, The radio-
telephone interface is equally important, but since this type of
equpment has been 1n use for many years 1ts design 15 fairly
well standardized. There are as yet no generally accepted stan-
dard designs for CBO, dispatcher, or mobile digital terminal-
displays and keyboards. Design of displays must reach a com-
promuse between occupying too much display space and taking
too long to read or being so cryptic that the operator has to
memorize a long list of codes (or has to ask for more data
from the computer when it would have been more efficient to
present the full data in the first place).

Experience with CAD systems installed fo date suggests
that for all but the smallest dispatch center loads, human engr-
neering considerations lead to choice of duat CRT displays for
dispatcher consoles (one for patrol unit statusand the other for
incident data and other transient messages). CBO consoles ordi-
narily need but one CRT,

In the case of mobile digital terminals, there is very lim-
ited experience to date on which to base design decisions.
Some units have printers, but the trend appears to be toward
Muminated alphanumeric displays,

The subject of displays for various operator stations is
discussed in detail in the manuals on CAD, MDT and AVL,

5.7 Automatic Vehicle Location (AVL) Systems

The purpose of an Automatic Vehicle Location (AVL)
system 1s to enable the dispatcher to have more accurate infor-
mation regarding the location of the patrol units under his con-
trol, This improved accuracy can help to reduce response fime
because it increases the probability that the dispatcher will
assign the nearest patrol unit to an mcident, It also contrib-
utes to officer safety 1n emergency situations, and can be use-
ful where multiple units are to be deployed to meet some
special conditions. AVL systems are described 1n detail in the
compamion manual on this subject, and will be only briefly
covered here. From the planner’s pomnt of view, AVL systems
are quite costly mn relation to the advantages they offer for a
smail- or medium-size community.



The three basic types of AVL systems are.

Dead Reckonng, In these systems the patrol unit contin-
uously determunes its own location by measuring the dis-
tance and direction it travels from a known point. This
wformation is transmitted to the dispatch center,

Proxirmity. These systems use a set of sensors, typically
on signposts or light poles, that constrtute a network cov-
ering the area. They detect the presence of a vehicle and
fts ID from a beacon carnied on the vehicle, and transmit
this information to the dispatch center, Alternatively the
beacons are on the posts and transmit an ID signal that is
picked up by the patrol car and relayed to the dispaich
center, indicating that the car has just passed a beacon at
a known location,

Radio Location, These are triangulation systems similar
to those used for ship and aircraft navigation. They track
the location of patrol units by measuring the distance of
a unit from three known locations, the measurements are
made by transmutting pulses that are returned by the
vehicle beacon, A computer then calculates the Iocation
from the three distance measurements.

The value of an AVL system will depend on the accu-
racy with which it determines vehicle location. Accuracy
requirements are discussed in detail 1n the AVL manual, and
are summarized below for apphcations considered m this
volume.

Dispatch. The purpose of AVL for dispatch is to
reduce response time, This can be achieved if the
closest car is dispatched rather than always dis-
patchung the beat car to an incident within t