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PREFACE -

This document presents results.-af work supported by the Law Enfércement
Assistarice Administration, U, 8. Department of Justice, under the Omnibus Crime
Control and Safe Streets Act of 1968, as amended.. It was sponsored under an fiter-
agency agreement with the National Aeronautics and" Space -Administration through
"“Contract NAS 7-100. "Points of view or opinions stated in this document are those of the
authors and do not necessarily represent the official position of the U. S. Department of
Justice. : S ‘ '
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FOREWORD

The public safety planner who wants to bring the results of advanced technology
to the service of his department - very specifically, to evaluate the possibilities of apply-
ing digital fechniques and equipment to police communications, command,-and control--
functions - faces a difficult problem. :

A number of possible needs in the modern, expanding, and heavily burdened law
enforcement communications system may be met by various features of digital communi-
cations, But the analysis of these applications, the design of a system to use them, and
the s'imlysis of performance, costs, and competing characteristics are rather difficult
technical tasks. The market displays a varieiy of equipments, some already in service,
sonie in produciion, some still being developed. ' Although much information exists on
the abstract problem, on individual experiences, and en existing or projected equip-
ments, there has been little or no guidance through the maze of needs and offerings.

This document is intended to provide an initisl answer to that problem. It is the -
product of an effort sponsored by the National Criminal Justice Information and Statis-
tics Service’ of the Law Enforcement Assistance Administration (LEAA), United States
Department of Justice, as a part of the LBAA’S mission of giving technical assistance to

state and loca! law enforcement agencies. The work was carred out by Caltech’s Jet =

Propulsion: Laboratory, which has developed and operated communications and control
systems for federal agencies and has studied and developed a number of technical systems
" in the civil field, The document is based in part on other studies performed for LEAA
" and various state and local agencies.

The gmdelmes ‘are addressed to the local law enforcement planner who must face
. practical working problems, who must decide whether it is worthwhile to redesign his .
department’s communications ‘in order to speed up transmissions and improve
information access, and to increase the efficiency and save the time of his officers in the
field, balanced against the technical difficulties and costs associated with implementing
digital communications systems. Working out these problems is not an -easy task: But we .
believe that facing the problems is imperative, and examining them is worthwhile; '

S. S. Ashton, Jr.

Systems Development Division -

National Criminal Justice '

Information and Statistics Service

Law Enforcement Assistance Admlmstratmn
" . United States Department of Justice
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ABSTRACT

A set of planning guidelines for the application of digital communications
techniques to law enforcement use is presented in brief, Some essential characteristics
of digital techaiques and their applications are outlined, as are some principles of system .
analysis, evaluation, and planning. Requirements analysis, system concept design, imple-
mentation planning, and performance and cost modeling are described and demonstrated
with respect to this application problem. Information on law enforcement digital com-
munications systems and equipment and a list or vendor sources are given in appendices.

viii -



1. INTRODUCGTION

1.1 The Growing Interest in Digital Communications

Forseveral years there has been a growing interest within
the law enforcement community in supplementing existing
communications systems by some kind of digital communica-
tions, A few law enforcement agencies have implemented
systems of digital communications, several more are planning
to do so, and nearly all are interested to some extent. The Law
Enforcement Assistance Administration has a strong interest
in this field and, through its technical assistance programs,
has supported a number of studies and test programs.(See also
References 1-5 and Table 1.) '

There are two major reasons for the interest in digital
communications. The most compelling one is the crowding
of the radio channels available for law enforcement mobile
communications, resulting in delays, poor quality, or both
If the routine messages that oceupy a large portion of the total
-channel Hme can be transmitted in digital form they will
require much léss time for transmission and will be less sub-
ject to distortion or error. A second major reason for the
interest in digital communications is that many law enforce-
ment crime information files are now computerized, and a

field unit equipped with a digital communication capability

_ can-access these data bases. dlrectly if a suitable switcher is pro-

vided at the base station; this greatly facilitates data base
* -inquiries; and contributes to enhanced officer safety aswell as
increased “hit" rates.

While the potential benefits of digital communications
systems are significant, possible drawbacks also must be
recognized. Unit costs of digital equipments are relatii 'y high
at present, and the need for specialized maintenance over the
life of the system may be a burden to the user agency; digital-
transmissions over existing voice channels may degrade the
voice qualities of the channel, requiring specisl squelch
techniques; and message transmissions are subject to errors in
difficult felecommunications environments, such that total
repetition of the messages or advanced error detection schemes
are needed, Finally, installing digital terminals in -already
crowded  patrol units must be evaluated in terms of officer
convenience and safety. Weighing these advantages and.
disadvantages of digital communications is the challenge
confronting the planner.

1.2 Status of Digital Commumcations Prngrams

Several law enfo:cement agencms that have mstalled d;g-
ital communications or computer-aided dispatch systems were
contacted to-discuss their experiences with system design and
implementation, and the impact on operationat effectiveness.
Use of these systemsin fully operational environments is quite
limited since the first test units were put into the field in 1972,
and, witha few exceptions, opera’cional systems went on Ime in

‘1974



Tahie 1, Charactaristics of Savaral MDT and CAD Installations

Agency
Kansas City | San Francisco | Oakisnd | Palm Beach | Clevaland | Minneapolis | Huntington Beach | Seattte | Glendals
_ PD PD D 50 PD PD PD PD PD

Population 503 720 360 150 b Ly 435 150 525 135
{000"s)

Calls for service, 465 438 255 35 730 1920 57 525 50
per year? {000's}

Patrol units2 150 52 45 36 138 45. 22 153 19
Officers par unit 1 q 1-2 1 2 2 1 1 1
MDT or CAD MDT Both MDT Bath MDT MDT Both CAD CAD
IMDT utilization

MDT capability Query Query Queary {g.uerv Query Query Dispatch None None

tatus
Dispatch
Patrol units 14 5 27 30 40 25 22 0 0
“|with MDT

Queries per MDT a8 NA 2.0 1.9 6 2 0.4 NA NA
per hour

Increase in X4.5 NA X5 X10 X35 %10 NA NA NA
querjes with

MDT

Communications

o, of switchboard 8 10 2 16 16 i 6 2
operators } g

Np. of dispatchers 8 2 2 7 7 2 4 2
No. of BF 5 4 2 2 4] 5 i ) 2
channsls

No, of digital 1 2 1 1 2 i 1 0 1]
channels

No. of units 65 18 - 30 18 40 45 30 80 19
per channel :
1Dispatches per year.

2Number of units deployed during peak period.

The characteristics of several digital communications in-
stallations and computer-aided dispatch systems are given in
Table 1. Considerable variation in the relative size and operat-
ing characteristics of the nine agencies is noted, although dif-
ferences are much less when comparisons are made on a per
capita basis.

Several observations can be made regerding the use of
mobile digital terminals. First, use of MDTsby law entorcement
agenciesis in its infancy; less than 1 percent of the total patrol
fleet is equiipped with these devices, and operational experience
is limited toless than 1 yearin ms - cases. About 2 to 3 percent
of all patro] fleeis will be so equipped by the end of 1975, A
wide variance in use rates is observed, from 1.9 to 6 queries per
"MDT per hour. Many factors contribute to this variance, such

as relative number of calls for service, patrol units per capita,
crime rate, one-man versus two-msen patiais, andagency policies
_regulating the conditions under which data base queries are
" 'made. ‘Some agéncies, for example, direct ail ‘queries to the
'NCIC as well as to local and state crime information files; others

limit queries to files within the state. Extensive vehicle checks
are encouraged by some agencies, and restricted by others, An
important conclusion, however, is the relatively large increase
in queries demonstrated by all agencies: from a minimumof 250
percent to over 1000 percent. The average increase for all
agenciesis 560 percent. Agency planners must be aware of this
trend and its impact on communication channel loading,

No optimum strategy for incorporating digital comsnwni:
cations or computer-aided dispatch systems was discovered.
Generally, agencies were able to install MDT systems without
upndue difficulty and experienced ready acceptance by field
personnel. Compnter-aided dispatch has a greater impact on
operational procedures and requires more elaborate planning
and personnel indoctrination. As equipments, software, and
displays  become more standardized, changeovér to “CAD
should be easier to carry out and less expensive, Field exper
ience with both of these important innovations over the next
few years will be invaluable to planners who are consxdanng
upgrades to their own facilities,



1.2 The Guidelines Manual

The purpose of this introductory guidelines document
is to assist law enforcement agencies in selecting, evaluating
and developing operational plans for digital communications
equipments. The document discusses potential applications,
pgives a brief review of system and equipment descriptions,
and presenis a planning methodology for:

(1) Establishing system requirements
{2) Developing system concepts

(3) Preparing an implementation plan, including costs
and schedules

{4} Performing a cost/benefits analysis

The chapter on planning methodology contains several
examples of system implementations and costs, and includes a
computer simulation of a police patrol command and control
system showing patrol unit utilization, communication channel
loading, dispatcher loading, and nther performance parameters
required to assess potential system upgrades. System simula-
tions are shown for a voice-only mannal system, and for a digi
tal system to demonstrate the effects of digital transmissions.

Equipment descriptions are presented in the appendices
and can be consulted by the planner for details on specific

system elements, A list of vendor contacts is included for the
reader’s convenience,

A final word to the planner. While digital communica-
tions can accomplish the immediate goal of reducing (but not
eliminating) overloads on voice RF networks, it is becomning
apparent that modifications must be made to the command
and control system if the agency wishes to exploit the full
capabilities offered by digital techniques: status reporting,
direct query of information files by field personnel using
mobhile digital terminals, computer-aided dispatching, and
otner functions. For the agency considering digital communi-
cations, it is perh ps best to install functions one at a time,
status reporting first because it is the easiest and least costly
to implement, then full text transmission for dispatch opera-
tions and reporting, and, after these basic functions are fully
operational, an antomated data base query capability, which
requires a more sophisticated message handling device at the
base station. This evolutionary approach has been followed by
several agencies with good results and has gained acceptance in
many irstances where changeover to a multi-function system
in one upgrade may have jeopardized the program.

The capability to evaluate and plan for these new tech-
nologies must be developed at an early date because, in
the aggregate, digital communications properly supported by
advanced command and control systems, offer a great poten-
tial for improved law enforcement operations.



2. DIGITAL COMMUNICATONS FOR
LAW ENFORCEMENT

2.1 Characteristics of Digital Communications

For purposes of this discussion, digital communications
means the transmission of messages encoded in binary form.
The individual characters of the message are encoded into a
sequence of bits (a bit is either a zero or a one)., Coding
systems used for teletype and other digitally-encoded messages
use a string of bits to encode each of the I[etters of the
alphabet, the numerals, and additional special characters. A
six-bit string for example can be arranged in 64 (ie., 25)
different ways, such that the code can accommodate 28 exira
characters.

The capabilities of digital communications that are
important to mobile law enforcement communications are
summarized below,

Speed. The same words can be transmitted in significantly
less time than that required for standard voice transmission.
This is very important where channels are congested, as is
the case in many law enforcement agencies.

Accuracy. The receiving equipment needs to determine
only whether a given pulse or tone represents a zero or a one.
The signals can be quite badly distorted before this discrimina-
ifon becomes difficult or impossible. From the point of view
of law enforcement communications, this feature is important
not only because it may avoid errors in understanding, but
because it may reduce the need for repetition. [t is noted
however, that dipital transmissions are subject to error in a
near-threshold or noisy environment.

Privacy. Because digital communications are by their
nature transmitted in encoded form, they cannot be
intercepted by anyone without appropriate digital decoding
equipment. This assures a greater degree of security for law
enforcement communications, which can now be overheard by
anyone with a receiver tuned to a police channel frequency
(unless scramblingfunscrambling equipment is used at both
ends of the link); it does not provide total security, of cousse,
and does not prevent compromise of security if unauthorized
persons gain access to the terminals,

“Canned” Messages. A digital transmitting unit nor-
mally incorporaies a storage capability, which makes it
possible to store a set of frequently used messages (especially
status reports and acknowledgments)and cause them to be
sent by pressing a single key on a console. At the receiving
end, such a routine message can be decoded «nd displayed,

in the simplest form, by turning on a light; this saves

valuable time and attention for both the field officer and the
dispatcher.

Direct Data Base Aceess. Digital messages are by their
nature in a computer-compatible form. This means that a
relatively modest minicomputer at a base station can guto-
maticaily perform the switching required (o conr.:ct the field
unit to a computerized local, state, or national data base.
Names and numbers associated with queries about persons or
vehicles, for example, can be transmitted by the mobile unit
and a reply received in as little as 5 to 10 seconds. All the
necessary switching and file searching is done by computer,
and the reply is automatically generated by computer. Not
only is a large amount of time and manpower saved, but the
possibility of error in repeating or copying numbers is greatly
reduced.

Text Messages. Digital messages must be input and dis-
played in writter. form, except for the “‘canned” messages
mentioned above. This requires more of the field officer’s
attention than speaking into a microphone or listening. On
the other hand, 2 written message will remain available (stored,
displayed or hard copied) until it has been read and cleared;
this is an advantage when the officer is not in hic car or is
unable to give attention to a message at the time it arrives.

Expansion of Functional Capabilities. Addition of new
capabilities, such as computer-assisted dispatch and field-report
compilation, become relatively easy with the more advanced
digital systems.

The planner must also be aware of possible drawbacks to
mobile digital communications for law enforcement
applications, since the associated equipments and techniques
are still in the development stage and should not be considered
a solution to all communications problems. Use of mobile
digital terminals ou existing RF voice links can create
significant interference with voice transmissions; squelch
techniques can alleviaic this problem, but in many cases it is
desirable to use dedicated channels for digital transmissions.
Also, digital links are susceptible to significant error rates
in the difficult telecommunicr lions environments of many
urban areas, requiring repeated transmission of messages
andfor elaborate error detection codes, both of which detract
from short transmission times. Interconnecting digital
terminals with older existing RF voice transmitters can also
introduce delays in digital transmissions because of relatively
long warm-up times. Additional radio technicians skilled in
mobile digital terminal operation may be required, with
associated higher maintenance costs. And, as noted in the



Introduction, installing bulky digital terminals into already
crowded patrol cars detracts from the convenience of their use
and possibly officer safety.

These diszdvantages are not critical, and many will be
climinated as the technology progresses, but the planner must
be aware of and reflect these factors in his analysis and
recommendations.

~2 Extent of Application of Digital
Communications

There are several degrees or leves to which digital
communications can be applied in law en./orcement work, and
one of the essential steps in planning is to select an apprapriate
level for the agency concerned. Table 2 indicates in summary
form some of the possible levels of sophistication that can be

Table 2. Levels of Application of Digital Communications

Lave) of Digitization

Dascription

Comments

Status Only

One-way

Two-ivay

'

Full Text Plus Status

Direct Data Base Query
Capability

Computer-Aided
Dispateching

Automated Data Collection
and Report Generation

Mobile unit can report status by pressing a single
kay on mobile unit console. Dispatcher’s
console maintains indication of last status trans-
mission. All massages from base station are by
voice.

As above, plus romparable capahility for base
station to transmit status or other “‘canned*
messages {primarily acknowledgments) to
mahbile units by a single console key, Mobile
unit displays messages as lights {no text) or
numbers,

As in two-way status above, plus a full alpha-
numeric keyboard and disptay {luminous and/or
printer) in mobile unit plus function keys for
status and-othe- *‘canned” messages.

tobile unit can make data base queries directly
of local, state, and national data bases without
relay through dispatcher.

Computer performs computations to help
dispatcher locate nearest available unit or units
to assign to a given incident., Verifies jurisdic-
tional boundiries, valid address, prior complaints,
and possible dangerous condition.

Computer {ogs all messages or selected types and
automatically generates reports of traffic by
raessage type, car, time of day, or other break-
downrs, Officer reports can be entered thraugh
mobile terminals, snd used as part of Field Qfficer
Daily Report afthough this can increase traffic
significantly.

Minimum hardware in mobile unit and
minimum expanse; useful in reducing
chiznnel congestion where there are rmany
cars per channel, since status reports
constitute a significant portion of traffic,

Advantages as above, plus saves
significant amounts of dispatcher time
used to acknowledge status messages.
Lack of an acknowledgment capability by
either mobile or base unit is generally not
acceptable.

fequires a telecommunications controller
at the base station. Reducas dispatcher
war kload significantly and further reduces
channe] congestion over status-oniy
capability.

Requires additional hardware {madems to
interface with remote data base lines) and
additional switching software for mini-
computer. Dispatcher control andfor
monitaring can be provided.

Can be added to any system with a computer,

" requiring primarily additional software, Can

be provided with any level of dispatcher-
contrel, May require larger computer and
more peripherals.

Requires additional software, Useful capa-
bility to monitor system performance and
usage, trends in message traffic, etc.. May
require [arger computer, and more
peripherals.




considered, Additional discussion of the technical details and
the factor that affect a selection are presented in subsequent
sections.

In p.neral, fnctions that are amenable to digital com-
municat’ ns include;

(1) Status reporting.

(2) Terminal-to-terminal message transmission.*

(3) Automated data base inquiry and response.

(4) Computer-aided dispatching.

(5) Automated report generation and data collection,

Other tunctions amenable to digital transmission techniques
include automatic vehicle location, out of car transmissions
and emergency trigger.

The relationships between these functions are shown in
Figure 1. Depending on its individual requirements,a law
enforcement command and control system may have some or
all of these functions. The computer-aided dispatch and report
generator functions are useful auxiliaries to the main contribu-
tions of digital communications, but generatly are implemented
at a later phase of comimand and control upgrade. A sigrificant
jump in capability is provided by the addition of a mini-
computer at the base station; once this has been added it can
be used for a number of new functions with relatively little
additional expense, such as computer-aided dispatching and
awtomated data base query. Primary consideration will be

*Mobile to mobile transmissions would be routed first to a base station
relay.

given to the first three functions, which are more closely associ-
ated with digital transmissions, and usually lead to the most
significant improvements in system performance, and reduced
costs.

1t is readily appreciated that mobile digital terminals, or
digital communications in general can have a major impact on
overall command and control systems, particularly if computer-
aided dispatching and reporting functions are implemented
concurrently with the installation of digital communications.
In this sense, a djgital transmission system can act as a cagalyst
to trigger a general upgrade in the command and control opera-
tions because of its natural interface with computer-based files,
displays and message switchers, The planner should be aware
of this close relationship between the changeover to digital
conununications and the possible need to revamp elements of
the command and control system.

2.3 System Elsments

Figure 2 presents major elements in a digital communica-
tion system, translating the system functions of Figure 1 to
system elements required to implement the functions. The
figure presents a full-text terminal-to-terminal digital system
with direct data base access from the field unit. This system
represents a reasonably advanced capability, although com-
puter-aided dispatching and automated report generation
functions are not included. (These elements involve added
software programs and wouid be interfaced through the
minicomputer or controller.) Systein elements are discussed in
more detail in Chapter 5; the general types of equipments
involved are indicated in Figure 2.
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This diagram identifies the major functions that can be performed by currently available and operating mobile law enforcement communications
systems, The basic function provided is terminal-to-terminal transmission of dxgtta! messages, usually between a mobile terminal and a base station.
These can be either a limited set of status messages transmitted by pressing single keys or text messages composed on a full alphanumeric keyboard.
The status maintenance function monitors the status ¢t each mobile unit in the fleet; it may simply display each car to the dispatcher or store the
status in a data file for retrieval by the dispatcher, Where computer-aided dispatching is provided, the minicomputer can indicate which units are
available, verify jurisdiction and valid address, and retrieve prior complaint records and other information required by the dispatcher.

Automated data base query refers to direct query from mobile units; the automated query and response function already exists in many base sta-
tions. Automated message switching by the minicomputer allows any mobile unit to direct a query to one or more remote data files without going
through the dispatcher and/or terminal operator. The response is also transmitted directly to the mobile unit. This traffic may be monitored and/or
recorded at the base station,

Once a computer is available for other functions, it can easily be programmed to collect data on all digital message traffic and to generate any
desired reports (e.g., by shift, mobile unit, area, type of message, etc.) automatically at any selected intervals.

Fig. 1. Typical mobile digital system functional diagram
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The block diagram shows the principal elements of a system that provides full text capabilityin addition to function keys and display lights for
transmitting status or other “canned” messages. The minicomputer or message switcher enables the mobile unit to make direct queries of remote

data files.

Those elements that are part of an existing voice-only system are shown shaded; the unshaded boxes represent elements added to provide the
digital capability. For status-only transmissions, mode select switches, encoders/decoders, logic units,and displays are required; keyboards are instal-
led in both the mobile unit and base station. Full-text transmissions require alphanumeric keyboards and additional display capability; in addition,a

@ "

SPEAKER MICROPHONE

DISPATCHER

TRANSMITTER

minicomputer generally is used to handle message switching, control displays, log messages,and related support functions,

Automated query of data files, both local and remote, can be achieved by installing modems on the lines to the files. The minicomputer or mes-
sage switcher will experience a considerably heavier traffic load in this case and may need additional memory and input/output capacity.

This diagram illustrates the variety of applications of digital communications, as well as the impact on the overall command and control system,

Fig. 2. Typical elements of a mobile digital communications system




3. PLANNING FOR DIGITAL
COMMUNICATIONS

The planning process consists basically of the following
four steps:

(1) Analysis of requirements
{2) Selection of system configuration

(3) Preparation of implementation plan and cost
estimates

(4) Evaluation of expected benefits versus cost.

Guidelines for these four steps are given in the following
chapters. Some discussion of the overall planning process may
be useful as background.

A major point to be kept in mind is that the steps in the
planning process are not simply done once in sequence to yield
the final plan. Planning is an iterative process, where there will
normally be several loops through the steps before a final plan
is evolved, After the requirements have been defined and a
system is being designed, it may be found that the
requirements can be met only by using a more elaborate or
more costly system than can be justified; in this case it may be
necessary to modify the requirements, Conversely, it may be
found that the system selected has more capability than
needed to meet some minimum set of requirements, so that
the requirements can be restated to take advantage of this
capability. The planner should be prepared to go through some
or all of his steps as many times as necessary to arrive at a
system that is suitable for his agency and compatible with the
technical, administrative, and fiscal constraints within which it
must operate,

Probably the most difficult of the four steps is the first;
analysis of requirements. The questior. to be answered is, what
do we need in the way of digital communications? In almost
any sitvation, the definition of “need” is a very flexible one.
There are attitudes ranging from “if we can’t afford it, we don't
need it” to “if we need it, we'll have to afford it.” In resolving
the question of firm requirements, the planner must have the
participation of the personnel who will be using the new system.
They should be consvited at every step, not only because they
have useful knowledge and experience to contribute but because
they will'accept the new system much more readily if they had
a part in selecting it. Also, the planner can sometimes consider
the possibility of testing digital communications on a small
scale to determine what effect it actually has and how readily
it is accepted. Where a large agency is concerned, this can
often be done at reasonable cost in relation to the cost of
implementing a complete system.

An important part of the requirements analysis, and of
the whole planning process, is the determination of what trade-
offs are possible and what their parameters are, A few of those
that may be considered are:

@  Digitization level: status only vs. full text vs, full
text plus atuomatic data base query.

) " More traffic vs. same volume of traffic with less
crowding,

. Out-of-car digital transmission vs. mobile unit only.
®  Reallocation of channels vs. existing assignments,

¢  Separate channels for digital transmission vs. voice
plus digital channels,

L] Simplex vs. half duplex vs. full duplex channels.

e  Hard copy printer in mobile unit vs. illuminated
display only.

Many more comparable trade-offs will come up during
the analysis of any requirements and selection of a system.
Some of them involve intangible factors such as officer
safety and faster response to citizen calls, while others are
more easily quantified: message volume versus system cost,
for example,

Lastly, the planner should not assume that once his plan
has been through all the steps in the planning process, it is
finished., The probability is that it will need ‘o be updated
more than once before the system is implemented, as a result
of changing conditions, changing requirements, changing
resources, or changes in the technology of digital communica-
tidns. The planner should be prepared to revise his plan to
reflect these changes as they occur.

Chapter 4 provides data that will be useful in analyzing
digital communications requirements for systems of various
sizes and degrees of sophistication. Chapter 5 describes in
general terms a number of types of hardware currently
available for digital law enforcement communications and
illustrates system concepts. Since both the technical
characteristics and the costs of such equipment are changing
fairly rapidly, the planner will ordinarily obtain the needed
detailed information directly from potential vendors; z partial
list of such vendors is included.



Preparation of an implementation plan is fairly straight.
forward once the system concept has been selescted; some
examples are given in' Chaptérs 5 and 6, which also cover
system cost estimating. The evalvation of expected beneflis is
much Iless straightforward, since a number of them are intangi-
ble although important. Some actual cost savings can be identi.
* fied, but the dollar value of improved law enforcement and
officer safety is difficult to translate into dollars. Chapter 7
discusses the factors that can enter into an evaluation, such as
- -¢hiannel utilization, dispatch and patrol response times, service
times (to clear calls), time on patrol, personnel loading and
ather parameters. It was found necessary in preparing this
chapter to develop a computer simulation program of a police

command and control system to quantify the factors listed

above, from which cost benefits could be estimated. The
" simulation program is useful for this purpose, and is the only

practical means of evaluating the overall impact of digil.i

communications on the complete pelice operating system.

It should be recognized that the field of digital com-
munications for police applications is evolving rapidly, and
equipment descriptions and costs can- be expected to change
frequently. Many agencies are currently field testing mobile
digital systems, and the results of these tests can be expected
to have an impact on vendor product line developments.
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4. PLANMING GUIDELINES: ANALYSIS OF
REQUIREMENTS

The immediate requirement of many police agencies is to
reduce congestion on existing voice links and, thereby, improve
the responsiveness of the communicatiens system. This goal
can be partially achieved by adding more voice channels and
more dispatchers, but the limitations and drawbacks of voice
links remain; digital techniques open up basically new advan-
tages that will influence not only communications, but
command and contrel functions as weil

The following approach is taken to the development of
requirements for a specific agency.

(1) Functional Requirements, Functions that can be
accomplished by mobile digital terminals are out-
lined, so that the agency planner can select those
functions for preliminary assessment. The results
of surveys eonducted by various police agencies are
summarized to serve as guidelines.

(2) Trlzfﬁc Analysis. In most cases it will be essential
for the agency planner to conduct a brief survey of
existing traffic volumes and patterns over the
agency network. Techniques for conducting
traffic surveys are discussed. The results of the
traffic survey are analyzed ‘to determine the frac-
tion and type of messages that can be converted to
digital transmission, '

(3) Channel Loading and Response Times. Considera-
tion is given to preparing estimates of network
loading and response times with various levels of
digital transmissions.

4.1 Functionai Requirements

The first step in analyzing the requirements for 2 digital
communications system for law enforcement is to identify
thHose Functions that the digital system will be expected to per-
form. It may be useful to have two sets of such functions: one
that is required, plus a set that is desirable. Then,when the
specifications for the system are being developed, the desired
functions can be included to the extent that resources permit,
In any case it will probably be necessary to mview the require-
ments analysis after initial system definition and cost estimates
have been developed.

The most direct procedure for identifying functional
requirements is to make a survey among those who will be
using the system, after providing them with information on
what possibilities are available with digital communications.
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The results of two such surveys are shown in Table 3; the
functions listed there can be vsed as the basis for a comparable
sarvey in any law enforcement agency. Note that the list
includes certain items that are features or characteristics of the
system rather than functions that it performs, but it is
important to determine what features are to be included
because they may affect the traffic analysis as well as the over-
all system design, cost, and acceptance by the user p3 sonnel.

With regard to the question of combining voice and
digital communications, it should not be interpreted to mean
that 29 percent of the respondents preferred to eliminate voice
communications, No existing or proposed system of digital
communications for law enforcement operates withou? parallel
voice communications. The response indicated that 20 per-
cent of the respondents wanted separate channels for digital
transmissions. The question of whether digital communications
should be transmitted over the same channel as voice messages
is a technical guestion discussed in Chapter 5.

Naturally the results of a survey such as those tabulated
in Table 3 must be combined with the planner’s more extensive
knowledge of technical requirements and costs before even a
preliminary list of functions can be prepared as 2 basis for the
succeeding steps in the requirements analysis,

The survey did not address the question of automated
query of information files by means of digital communications
links from mobile units. This function is of extreme importance
because aclear gain in response time and reliability is attainable
in this area. Further, existing traffic associated with data base
queries can be expected to increase significantly because of the
autemation factor; that is, field personnel no longer need rely
on voice links and radic operators to enter requests into data
file systems. Increases in this type of communication traffic
are expected te reach 400 percent in the Kangas City ALERT
11 system. Similar growth should be allowed for by the agency
planner.

4.2 Traffic Analysis

The next step in the requireménts analysis is to’ deter-
mine the volume of traffic that the digital system should be
sized to handle, This will depend partly on the level of digital
service selected, and this selecton in turn must be based on
some evaluation of the expected benefits of adding a digital
capability. -

The usual procedure for a communication traffic analysis
is to.monitor live broadeasts or tape recordings of one or more



Table 3. Survey af Functional Requirements {(Reference 1}

Item Survey Results

1. Basic functions s Two-way digital communication was desired {95% in favor}. Only 5% wera in favor of
one-way printer and two-way status transmissions.

e« Both full text and status infarmation was desired {85% in favar),

e 50% of those surveyed were in favor of equipping all patrol units with mobile digital
terminals; an additional 26% were in favor of equipping at least 75% of the patrol units.

& 90% of those surveyed were In favor of automatic and/or manual acknowledgement of
digital messages.

e 50% were in favor of mobile to mobile digital communications. Only 26% indicated a need
for base to base digital links.

e 80% were in favor of combining digital with existing voice commusications. {In general,
there is a strong feeling that voice communications should not be deleted.)

# Allocation of MDTSs 1o a radio channel: 50 to 74 units (50%); 100 or more {15%).

2. Displays 8 Stated display requirements for mobile units wera reasonably consistent: 856% desired
{ull text and status displays. The type of display vyas less well defined: 55% indicated a
preference for visual display, and 45% for visual and hard copy.

@ The method of display was not well defined: 35% wanted visual displays, printer, and
status lights; 25% wanted visual display plus printer, and 20% favored visual display only,

@ Similarly the preferred method of contral center display was: 50% in favor of CRT
{cathade ray tube) only, and 45% in favor of CRT and hard copy.

® A high percentage of those surveyed {85% to 95%) indicated a need for special display

received message.

features

requiraments, such as: special effects for critical messages, messape held until manual
clear, indication of new incoming message, and the capability to store more than one

3. Other operational ® Automatic polling far status update: 55% in favor.
Dispatchar should monitor all sutomatic functions: 100% in favor.

Physical size and location were of concern to all respondents,

selected periods of communication traffic over existing voice

distribution of the total traffic load between

channels. It is necessary to monitor during peak periods, available channels.
since that is the load the system should be sized to handle. (2) The types of messages being transmitted. Differ-
Two general types of data are derived from the observations: ent agencies have used a different breakdown
first, the fraction of total available time used for message by type of message, but the following general
transmissions, i.e., chunnel loading or utilization, and second, categories are usually adopted:
detailed message strocture such as type, duration, and fre- (a) Status messages -
quency of use, Before discussing measurement techniques, (b) Data base queries
which depend on the type of data sought, we:can list the (c) Text messages
following specific parameters we need to measure: Dispatch calls
Other alphanumeric calls
(1) The percentage of the total available “air time” The important poiat is to identify routine status

during, which messages are being transmitted, or and data base query messages, as well as certain

channel utilization. This is monitored on both text messages that can be digitized.

downlinks (base to mobile} and uplinks (mobile (3) The number of messages per hour for each type of

to base), Channel loading is the single most
- jmportant parameter since it gives a direct meas-
urement of channel congestion and the effective
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message, It is also useful to have the number of
each type per hour per patrol unit.

{(4) The average duration of each type of message.



(5) The average number of words or characters in
those message types that appear to be suitable
for digital transmission. These valvues can be
adjusted to account for reduced numbers of

characters in dipitized messages.

(6) From (3) and (4) (or by direct tabulation), the
percent of the total transmission time used by
each type of message.

(7) Numbers of patrol units on station during channel

monitoring.

These parameters are usnally measured in two steps:
first, channel loading or utilization, and second, message
types, volumes, and duerations, A technique for measuring
channel loading is shown in Figure 3a, in which a signal-
operated timer is installed on the lines leading to the base
station transmitter, and is activated whenever a message signal
is present on the line. The timer gives channel occupancy
time directly, and can be converted to channel utilization
or loading factor by dividing the accumulated clock time by
the total elapsed time over which the channel was monitored,
typically 1 hour. This voice-operated relay technique is
relatively inexpensive, reliable, and sufficiently accurate to
measure channel loading.

Channel loading on uplink frequencies (mobile to base)
can be measured with a similar type of clock, adjusted for the

(a) DOWNLINK LOADING (BASE TO MOBILE)

Y

TRANSMITTER
CONTROL VOLTAGE

lower voltages at the base station receiver (see Figure 3b).
Channel selector twitches are used where several frequencies
are being monitored,

Measurements of message type, volume, and duration
can be made from tape recordings or live broadcasts, but
require that eschh message be identified as to type and
duration. A stopwatch or pedal-operated timer with rianual
reset is often used to determine message duration but is
limited in accuracy by the response time of the analyst, who
also records the type of message. Tape recordings are easier
to analyze because the tapes can be replayed to verify message
classification and timing. Forms listing the message types of
interest are prepared before start of data gathering to assist
the analyst. Three or four hours of broadecasting shouid be
monitored on both the downlink and uplink frequencies to
provide an adequate sample size; peak traffic periods should
be selected.

The results of such an analysis for the Boston and Fall
River, Mass., police departments are summarized in Tables 4
and 5, which are based on data from Reference 1. it is
difficult to compare the results of different studies because of
the different hreakdown used for message categories and other
differences in the procedures for collecting the data; however,
it is relatively easy for the planner to define categories appro-
priate for his agency, and conduct traffic surveys to quantify
existing traffic patterns and identify those segments that are
amenable to digitization, A detailed analysis is given in
Section 4.4 (also see Ref. 4).

A review of the more detailed data presented in some of

TRANSMITTER|  the studies suggests that with a full-text plus status capability,
as much as 75 percent of the currently used total transmission
o time could be handled in digital form; a higher degree of
DISPATCHER
FOOT SWITCHES
Lug]gLOC | countER Table 4, Traffic Analysis for Boston and Fal} River
GEnERATOR| | (SUMMING)
Percent of Total Avzilable
Time Usad For
Transmissions
(b} UPLINK LOADING (MOBILE TO BASE)
Massage Categary Boston Fall Rivar
VOICE~ LOGIC Status messages 129 .9
ReeoiEr || OPERATED AND CLOCK || COUNTER .
RELAY GENERATOR . .
Car identification 4.2 39
L] -
. . Acknowledgment 6.7 6,2
[ [.]
VOICE- “Canned" message 2.0 -
EEE%ICER | OPERATED '
RELAY "Text' messages 141 11.7
. All messages {percent utilization) 27.0 20.8
Flg. 3, Channal utilization instrumentation
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‘Table 5, Message Gharacteristics for Boston and Fall River

Characteristic Boston | Fall River |
Percent of total avallable time ussd for trans- 27.0 208
missions (channel utilization):
Time to pass a status message and 86,7 25
acknowladgment, sec
Time to pass a "text’’ message and 100 35,0
acknowledgment, sec
Numbar of charasters par message:
kase to mobite 60.0 61.0
mobile to basg 54,0 37.0
Number of patral units 30 20
{ Number of messages per 8-hr shift per
| gatrol unig:®
status 23 B5
taxt” 14 5
*The San Franclszo Digicom study {Refarence 3) indicates a
value of 40 for status messsge transmissions per shift; taxt
messages wera 14 per shift,

digitization is difficuit to achieve because of emergericy, admin-
istrative and other messages that must be transmitted by voice
only, The consequences of different degrees of conversion to
digital form are discussed in the next sections.

To summarize the available data, status messages can
account for about half of all messages but occupy only 25 to
50 percent of transmission time. Over BO percent of all
messages, status and text, sre amenable to digital transmission,
accounting for up to 75 percent of total {ransmission time.

These rough estimates are based on the limited data available;

when more agencies have accumulated operating experience
with digital systems,it will probably be easier to establish some
rules of thumb applicable to agencies of different size and
character.

‘The significant factor to determine is what fraction of
present voice iraffic can be replaced by digital transmissions.
Then, by measuring the present channel utilization factor or
{oading and making some assymptions about digital message
transmission times, the planner can arrive at estimates for
several important ¢communications system performance param-
eters, in particular channel loading and message delay fimesasa
function of the extent of conversion to digital transmissions.
‘The following section discusses how these estimates can be
made,

4.3 Channel Loading and Response Time Estimates

Basic criteria for law enforcement communications
include promptness and accuracy of message transmission.
Channel loading strongly affects both promptness and
accuracy which deteriorate as channel congestion increases.
In ihis section we will derive approximate values for prompt-
ness and utilization and show how these values depend upon
communication link parameters that must be measured or
estimated to deiermine the effects of adding a2 digital
capability to a voice system. As noted easlier, it is not feasible
to consider eliminating voice messages entirely, although these
could be handled over a separate channel.

The procedures outlined in this section apply to analysis
of a single communication channel, which normally uses one
dispatcher to communicate with multiple patrol units, The
.results can also be extended to multi-channel systems,where a
given set of patrol units is assigned a primary frequency for
normal use and thus does not affect the loading of other
channels.

First, let us review what the planner has learned from his
traffic analysis. He hss determined the following either by
direct measurement or by estimating from the data:

(1) Channel loading (transmission time used as a per-
centage of total available “air time” on the
channel).

(2) Average length of message by message type.

(3) Percent of all messages that can be digitized
(derived from a review of the length and content
of each message type).

(4) The average number of messages of all types trans-

mitted per hour.

From this information we can determine the change in system
performance (i.e., promptness and utilization) to be expected
from various levels of digital conversion as outlined in
Section 2.2. In particular, we are interested in the reduction
in channel loading as a function of level of digital conversion,
together with the associated reduction in message delay time
andfor increase in number of messages. .In most cases the added
channel capacity will be used to some extent to permit addi-
Hional messages, especially data base queries. If the system

. permits direct, automated data base queries from patrol units,
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the number of such queries usually sises sharply, by factors of
5 to 10,as shuwn in Section 1.

Before presenting general techniques for compuhng
channel ufilization based on the results of traffic SUrveys, a



simple example is given for the Boston police department,
The improvement in channel wtilization* derived from con-
verting a single uniform message type (say, status report and
acknowledgement) may be calculated from a simple formula
taken from queuing, theory (see Table 6 for definition of
terms).

NS(T,-Ty)
PP = "(3600) (8)

That is, the reduction in channel utilization, as a fraction of
time used, equals the product of the number of cars on a
channel, the number of messages per car in 2 shift, and the
difference in message time duration between a voice and a
digital message exchange, divided by time conversion constants
(seconds per hour and hours per shift).

This calculation is worked out for a case based on data
drawn from the Boston police department, in Table 6, also
based on data from Reference 1. The results show that
improvement from digitization of status messages alone is not
dramatic in the case of lightly loaded channels. However, if
channels were heavily loaded, say 150 cars per channel, this
change would be important. The effects of digitizing both
status and tex1 messages are very pronounced, as demonstrated
below.

*Channel utilization is the fruction of total availuble time used for
message transmissions,

Next, we can develop a general channel utilization chart
asin Figure 4a, Note that the horizontal axis is in terms of mes-
sages per second and refers to the traffic in the present, or
voice-only system. The vertical axis refers to the volume of
messages after the addition of a digital capability, when both
types of messages are possible. Now, if we assume a given length
of voice messages in the current system (as indicated in the
traffic analysis of Section 4.2),we can add channel utilization
plots to the basic graph of Figure 4a. The results are shown in
Figure 4b for a voice transmission time of 10 seconds. The
plotted lines are based on the assumption that a given digital
message requires 1/14) of the time required for the same mes-
sage by voice. {Other curves can be generated for other ratios
of digital to voice transmission, say, 1/5%) To take an example,
on Figure 4a we could find that if the current voice-only
traffic has a rate of 0.042 messages per second, then, with 25
percent digitization the new system could handle 0.056
messages per second, and with 50 percent digitization, 0.084
messages per second {33 to 100 percent increases,
respectively).

The “promptness” parameter is expressed in terms of
message delay time, which is the time that any given message
will have to wait before being transmitted, This parameter
can be plotted on the same basic graph, giving the results
shown in Figure 4c.

*The value of 1/10 is a reasonable upper limit for transmission time
reduction based on current equipments. A more detailed analysis of a
given agency indicates a reduction of about 1/8 (see Section 4.4).

Table B. Calculation of Channal Loading Reduction by Digital Status

Paramatar Definition Boston
p Original channel utilization 0.27
N Cars par channel 20
s Status transmissions per car per shift (8 hr) 8.7
Tv Time to pass voice status message and
scknowledgement, sec 6.7
Td Time to pass digital status message and
acknowledgement. sec 1.2
m Voize-digital utilization difference= P - 8 ! 0.04
(3600)(8) '
o' New channel utilization 0.23
{p-p* = change in utilization)
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a, From this chart a planner can determine cither the effects of vary-
ing basic communication system parameters or the effects of imposing
cerfain constraints on those parameters, The horizontal axes represent
message volume with the existing voice-only system. The vertical axes
represent message volume when a digital capability has been added. The
solid lines in Fig. 4a then plot the new (voice plus digitel) volume asa
function of percent digitization for any given cld {voice only) volume,
The 25 percent digitization value represents a typical status-only system;
the 75 percent value is approximately the upper limit of message val-
ume that can be digitized with the most sophisticated digitsl sysiem.

b. The set of dashed lines added in Fig. 4b plots the effect of various
percentages of channel loading (percent of total “alt” time the channel
is being used), sssuming a 10-to-1 reduction in transmission time when
a given message §s fransmitted digitally, These plots serve to indicate
the degree of relief of channel crowding that can be expected for vari-
éus deprees of digitization. For example, if channel loading with the
old system is 42 percent, it will fali to 33 percent with 25 percent digi-
tization and 14 percent with 75 percent digitization,

¢. The dotted lines in Fig. 4c then show the effect of digitization and
message volume on wait time (the average fime a message must wait for
the channel to be eleay so it can be fransmitted), This is a very impor-
tant parameter for law enforcement communications, where time is
often critical, The reduction in wait time to be expected from digitiza-
tion can be determined from these plots: for example, if message
volume semmains constant a 25 percent digitization reduces the wait
time from 7.2 to 4.8 sec, Conversely, if it is desired to hold wait time to
some value (say, less than § sec), the plot shows the percent digitization
that is needed to permit o given message volume. If the parameter of
interest is message yolume, the increase in volume permitted by various
degrees of digitization can be found directly from the graph; for exam-
ple, if channel loading is held constant, message valume goes up by 207
percent for 75 percent digitization.
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With the basic information given in Figures 4b and 4c,
the planner can quickly estimate the effect of various levels of
digitization on system performance. Usually he will have to
veal with two limiting constraints: (1) the amount that the
trafiic can be digitized; and (2) the extent to which channel
loading can be tolerated. For example, if the criginal channel
loading was 42 percent and the total number of messages
(voice plus digital in the new system) is fo remain constant, let
us examine the effect of digitizing 75 percent of the traffic,
(This is the approximate upper limit indicated by the traffic
survey data,) Moving horizontally on Figure 4b from the origi-
nal operating point (indicated by the square) to the 75 percent
dipitization line, the corresponding channel utilization is found
to be 14 percent, or a third of the original value,

If the limit on digitization were 25 percent, coiresponding
to a status-only system, following the same horizontal line
(constant message volume} would show channel loading reduced
to 33 percent from the original 42,

The most 'mportant performance parameter is delay time,
which is found from Figure 4c. Following the same horizontal
line and interpolating between the waiting-time curves, we find
that for 75 percent digitization, the delay time is 1.3 seconds,
and for 25 percent digitization,it is 4.8 seconds {(compared to
the original 7.2 seconds). This provides a very fast and simple
estimate of the performance improvement in this parameter
that can be expected from'the two levels of digitization. It
should be noted that these are average waiting times; some
waiting times will be shorier, and some much loages,

The reduction in channel loading provided by digitization
can also be used to increase the total number of messages,
keeping the channelloading constant rather than the number of
messages. The result (point B on Figure 4¢) for 75 percent digi-
tization is a 207 percent increase in messages per second and a
delay time reduction to 5.7 seconds.

Another possibility is to keep the number of voice mnes-
sages constant and add digital messages until an upper limit on
channel loading is reached. Using 50 percent as this upper limit,
we find point C on Figure 4c; this indicates that the number of
messages has increased by 188 percent, but delay time has also
increased to 8.5 seconds,

This fllustrative example is given to show how the various
communication system performance parameters can be varied
or held constant to determine the effects of various levels of
digital conversion, or conversely the amount of digitization
‘needed to achieve certain performance parameters. The input
data can of course be varied to reflect the assumptions for the
given system and depree of digitization.
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4.4 Detailed Channe! Loading Analysis

Because of the importance of measuring channel loading
and developing realistic estimates of potential reductions
through the use of digital communications, a detailed analysis
is presented for a set of data given in Reference 5 for the Los
Angeles Police Department. A scheme for categorizing message
types and message durations associated with these types is
given, and provides an excellent basis for estimating chanrel
loadings with various digitization levels, Much data was
gathered during the course of the monitoring project and
yielded the following:

0

Types of messages sent from base statiops and
mobiles,

(2) Message counts.
(3) Durations for each type of message.
(4) Channelloading.

)

Number of vehicles using each frequency.

The types of messages were determined by listening to
live broadcasts. Detailed lists of message types were constsuc.
ted and aggregated into four general categories, This list is
shown in Table 7 for the downlink (base to mobile); a similar
list was developed for mobile to base traffic. Data base “yes”
replies (1) are relatively long messages but are usually given in
a standard format that can be easily digitized, Status messages
(2), which comprise the bulk of message transmissions, are of
short duration, and can be easily digitized and transmiited by
depressing 2 single key. The calls for service and dispatching
messages {3) require the input of alpha: .americ data through a
full text keyboard and can be handled relatively easily by the
dispatcher or RTO; preselected formats would be displayed on
2 CRT screen to minimize typing. The last category of mes-
sages, additional alphanumeric calls (4), is handled much the
same as type (3) traffic. The planner may wish to handle these
messages by voice since they occur less frequently and also
require preselected screen formatting. Separate but generally
similar categories were devised for uplink traffic. Individual
agencies will want to develop classifications to suit their partic-
ular needs, but the four basic classes of messages are conve-
nient for developing a useful data base, '

Uplink and downlink frequencies were monitored for
periods of 1 hour each to establish message durations and
volumes. Data are available for each fype of message listed in
Table 7, but it is usually adequate to aggregate the totals by
category for purposes of channel loading analysis. Thezesults
for a downlink monitored during a 1-hour peak period (21:350
10 22:50 on Friday) are:



Message Air
Number of Percent of duration, time, Percent of
Category messages messages, sec sec air time
1. Query response 57 2.0 5.31 303 142
2, Status 385 60.6 1.71 658 309
3. Calls for service and dispatching 84 13.2 6.74 566 26.6
4, QOther alphanumeric 109 17.2 5.51 601 28.3
635 100.0 2128 100.0

Channel loading is obtained by dividing the air time,
2128 seconds, by the total time available, 3600 seconds, or
59.2 percent. This indeed is a heavily loaded channel and
expected waiting times are relatively high -5 seconds or
more, Status messages comprise the bulk of transmissions~
60.6 percent-but use less than one-third of the air time-~
30.9 percent, Categories 1 - 3 together use 71.7 percent of the
air time, which is a reasonable upper bound on the degree of
digitization that might be employed, Approximately 40 patrol
units were deployed during the monitoring period, and, on
the average, 16 messages were seat to each unit during the
peak hour, Similar data for the uplink (mobile te base) show
a channel utilization of 42 percent, which is also excessive for
design purposes. Status messages comprised 47 percent of all
transmissions and used 18.5 percent of the air time. A total
of 370 uplink messages were sent, or slightly more than 9 per
unit per hour, Detailed message distributions for the uplink
and downlink transmissions are shown in Figure 5. ‘

We now have sufficient data on the all-voice channel to
develop comparisons with shared voice-digital channels and
ail-digital links. In all cases, a voice link must be available for
emergencies and as backup to the digial links; dedicated digi-
tal links can be considered if a channel can be made available
for this purpose; otherwise, a shared link must be used. We
will compare these three maodes using the message parameters
developed previously. First,we must establish message lengths
for digital transmissions in terms of characters per message,
and convert to message duration by dividing by the digital
transmission 1ate in characters per second. Transmiksinn
rates vary considerably from one equipment manufacturer to
another, depending upon modulation techniques, the number
of detection and correction bits, overhead bits, and degree of
redundancy, A rate of 50 characters per second represents a
lower bound, and 700 per second an upper limit; an average
value is 150 characters per second, and js used in the following
caleulations. Message lengths were selected on the basis of
past studies and are representative of current design values.
For a shared voice/digital downlink:

Characters
per
Category _message
Nohit 25
1. Query respoinse
Hit 100
2. Status 3
3. Calls for service 150

4, Otﬁer alphanumeric calls (by voice)

Message Messages
duration, pet Air
0.168 242 222
0.671 43 61
0.054 385 309
1.007 84 148
5.513 _109 _683
863 1423

Channel utilization = 0.396
System delay = 0,750 sec
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Table 7, Classification of Message
Types (Base to Mobile)

Categary

Type

1, Data kase replies

2, Status

2, Calis for sarvica and
status dispatching

4, Additional alphanumeric
calls

No  want/warrant

Yes  want/warrant

Noe  want/warrant (DMV)
DMV information

Roger

Standby

Repeat

Clear {unit is avaitable)
Code 1 {come in}

Go ahead

ETA

Ta station

Did you receive call?
Call watch commander
Frequency clear
Lacation

Status

Disregard

Go ahead with second (suspects}

Code 7 (out to eat)

Code 4

459 now (burglary in progress}
459 raport

211 {robbary)

211 silent {silent alarm})

415 disturbing the peaca
{by following)

Shots fired (at}

Ambulance shoating {unit on way)
Ambulance traffic {unit an way}
GTA

GTA progress

ADW progress

Code 3 (lights and siren)

Code 6 {out for investigation}
486 (theft call)

586 (illegally parked vehicle}
Car racing

Prowler (at}

Traffic accident [at}
Miscellaneous

Ceancel

Verify

Maat at location (address)

Mest on Tac frequency 2

Stspact data

Address

Handling

Backup {tha followlng unit)
Assignad stolan {for stolen vehicle)
Miscetlaneaus
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Fig, 5, Message distributions

All messages have been digitized except category (4)
transmissions, which are sent by voice as before. The number
of query responses (category 1) has been increased by a factor
of five compared to the all-voice value to account for the
typical jump in queries made by patrol units equipped with
automated MDT query capability (see Section 1). A system
delay time is added to all messages to account for transmitter
and receiver rise times, refay actuations, and other functions
not included in the message service timie proper; delay times
vary considerably from system to system, depending on the
design, age, and conditien of the equipment. New, ali-digital
systerns will have much shorter delay times, in some cases
less than 9.1 second, Since e average duration of the digital
messages in the above example is 0.475 second, the impor-
tance of reducing delay time is evident if we are to take full
advantage of the inherent high speeds of digital communica-
tions. Other examples with shorter delay times are presented




below. In the above example, the channel vtilization is 39.6
percent, which is 45 percent reduction in an equivalent all-
voice channel with the same system delay time.

With these basic parameters, we can now compute the
effect of patrol fleet size on channel utilization, and estimate
the waiting times for messages to acquire a clear channel, The
first computation is straightforward since channel utilization
varies directly with the number of patrol units in the fleet.
The increase in channel loading with increase in fleet size is
shown in Figure 63 for the shared voice/digital channel
with various degrees of digitization. The all-voice system is
heavily loaded with the present number of patrol units and
cannot handle additional units without extreme congestion;
digitization of category (1) - (3) messages gives considerable
relief, but no more than 50 to 60 units can be served by the
shared channel with a 750-millisecond system delay time.
The effect of reducing delay time to 100 milliseconds is shown
in Figure 6b; 70 to 80 units at most could be served by
this channel.

All digital links with short system delay times can
handle fleets of up to 200 patrol units, as shown in Figure 6c;
a separate voice link must be provided to handle category (4)
messages, emergency dispatching, and other transmissions not
suitable for digitization.

Typical uplink (mobile to base) performance is shown
in Figure 7 for the 40-unit fleet discussed above. The up-
link is less heavily loaded, but should be reduced for good
response time, About 370 messages per peak hour are trans-
mitted on the uplink, or about 9 messages per unit per hour.

Waiting time, i.e., the delay in receiving an open
channel, is an important system performance parameter and
gives a direct indication of channel congestion. Queueing
theory can be used to estimate waiting times if actual message
length distributions (Figure 5) can be approximated by
reasonably simple analytical functions. Somewhat better
approximations can be obtained from computer simulations,
and were used to compute the results shown in Fipure 6.
The simulation programs are shown in flow diagram form in
Figure 8. In general, waiting times reach very large values as
the channel approaches saturation, and channels should not be
designed for peak loadings in.excess of 30 to 40 pertent.

In summary, congested voice channels ¢an be improved
by partial digitization, but the improvements are limited if sys-
tem delay times are high (i.e., 500 to 1000 milliseconds). A
fleet size of 100 uhits is a reasonable upper limit for shared
voice/digital channels; fleet sizes of 200 units can be accom-
modated by all digital links, but a separate voice channel must
be provided to supplement the digital link, Recent trends in

system design favor the latter approach. The individual
planner may reach different conclusions for less heavily
loaded networks; a key factor to examine in this regard i+ :he
number of messages per patrol unit per hour. In the example
cited, each unit receives or transmits & total of 25 messages
per hour, which is relatively high compared to observations
made of other agencies.

A few comments are in order about downlink versus
uplink Joading. Typically, downlink (base-to-mabile) loading
is considerably heavier than uplink (mobile-to-base) loading
because the dispatcher initiates most exchanges related to calls
for service, and arranges for cover cars, relays additional infor-

" mation as it becomes available, and generally monitors and

20

supports field ar*ivities. Experience with operational computer-
aided dispatch systems has demonstrated the practicality of
replacing conventional manual systems with CRT/keyboard
terminals if the CRT terminals are carefully designed and
checked out to give the dispatcher maximum support through
use of preset formats and single-function keys for entering and
transmitting routine “canned™ messages; in essence, providing
a “natural” system for handling incidents and managing field
forces. It is not unreasonabl: r: the dispatcher to type in a
significant amount of data w.rough the keyboard, which opens
the possibility of reduced chanrel loading through use of
digitized comimunications, These advantages apply for many
types of mabile digital terminals: those with hardzopy printers,
as well as terminals with full-text displays.

The planner cannot place the same heavy keyboard
typing load on the field officer for obvious reasons, and since
uplink (mobile-to-base) loading is not severe, there is a lesser
need to reduce channel loading by digitizing a large percentage
of uplink transmissions. Most users agree that sfatus messages
are easily handled by digitization since single keys can be used
for this purpose (and more easily than voice). Five to eight
keys are adequate to cover most types of status messages.

Data base queries from the field require a full text
(alphanumeric) keyboard, although license tag and persons
checks typically can be made with 8 to 20 characters. Such
transactions do not impose excess typing loads on the officer,
and digitizing them can save considerable time if" the query is
automatically switched to the data bank without voice relay
through an operator. Agencies using mobile digital terminals
for this purpose report good officer acceptance and no adverse
effects on officer work load. The planner must consider the
agency’s policy regarding data base queries, i.e., whether fre-
quent use of information files is encouraged or restricted.
Heavy use of data banks makes it more attractive to digitize
this function.
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Field report messages through mobile digital {erminals
. does not appear feasible or warranted, and would detract
from the officer’s primary role, [f the dispatcher’s work load
permits, and if the voice channe! is- lightly loaded, some
incident report information can be given to the dispatcher
by voice for entry into compitterized data files. The individual
agency planner must make this determination after appro-
priate discussions with dispatch and field personnel, and
careftl analysis of the agency’s work load,

Finally, the degree of digitization of mobile-to-base trans-
missions will be influenced by the use of one-officer versus
two-officer patrol units. Two-officer units are better -able to
handle full-text transmissions, but the larger size of these
terminals congest an already crowded patrol car, and may
prevent easy access to weapans and restrict movements of the
* officers in emergency situations. More operational experience
must be acquired to resolve these issues, but improvements in
display size and visibility, and keyboard size and accessibility
should be major goals of product improvement programs.
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Use of MDTs during emergency operations is of course
restricted, for example, when speed is necessary in answering
an urgent call or when visual observation by the officer is
required. The agency should give serious consideration to the
classification of messages of a routine or emergency nature,
and establish appropriate regulatory measures, Consideration.
must also be given to the policy of making dispateh assign-
ments directly through the officer’s MDT, such that other
units in the area would not be aware of the assignment. The
dispatcher might wish to transmit copies of the dispatch to
certain other units for information purposes, but broadcasting
dispatches to 2ll units is not desirable because the officer
cannot divert his attention to read all dispatches.

Results of a field test program of several terminals are
given in Appendix E, pointing out transmission accuracies
achieved, and several desirable as well as undesirable operating
features of the equipments. A similar test program can be of
great value to the planner in establishing the feasibility of
MDTs for his agency (with a fairly modest invesiment in time
and funds).



5, PLANNING GUIDELINES: SELECTION OF
SYSTEM DESIGN

The planner evaluating the potential addition of a digital
capability to his law enforcement commaunications system has
to determine not only the performance characteristics of differ-
ent configurations, but the basic design of each system he con-
siders for possible implementation. This involves consideration
of a number of trade-offs of technical features so that a con-
sistent and optimum set of technical characteristics can be
selected. This section identifies some of these trade-offs and
briefly outlines the considerations that must be weighted for
each.

5.1 Level of Digitization

The basic characteristics of the different levels of digitiza-
tion of message traffic were ouilined in Sections 4.2 and 4.3.
Figure 9 shows hlock diagrams of the basic system types to be
considered and identifies the hardware required in each case.
Definitions of the special hardware items for handling digital
messages are given in Table 8.

The selection of a given level will depend not only on the
funds available for adding a digital capability, but on how badly
such a capability is needed (for example, is channel congestion
a serious problem?). The major factor in most cases will be
chaiinel loading and the associated delay times. If only a rela-
tively moderate degree of relief is required, the status-only
system may be all that is required, and even a one-way status-
only system might be sufficient. The difficuity with adding
only enough capability to solve the current problem is that the
relief may notlast long enough to justify the expense; in a short
while channels may be overloaded again, requiring a new
analysis, design, and procurement effort.

The tradeoffs to be considered in choosing a level of
digitization are best illustrated by referring to the example
developed in Section 4.4 for a relatively congested channel
that has reached saturation and must be relieved by partial
digitization, or by the addition of an extra channel. Several
alternatives are given, and a possible solution is indicated.

For the case selected, the current all-voice channel load-
ing is 72 percent. This value includes message service time and
system delay time, which is estimated to be 750 milliseconds
per message for equipment rise time, relay actuations, and
other system response time factors, (The actual delay time was
not measured, but the assumed value is representative.)
Charinel loading to this level is highly undesirabie because of
unacceptable waiting times to obtain a clear channel for mes-
sage transmission; on the ayerage, a user must wait 9 seconds

PRECRDING PAGH BLANK NOL FILMEY
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for a clear channel, and often considerably longer. We have
several choices: digitize some or nearly all messages and trans-
mit them over the existing voice channel, or transmit the dig-
itized messages over a dedicated digital channel, A third choice
is to add an additional voice link, The various options are
listed in Table 9 with the estimated waiting times,

The shared voice /digitat channel does not significantly
reduce channel congestion or waiting time if digitization is
limited to data base queries and status messages, even though
the latter comprise nearly half of all messages, If limited text
(calls for service dispatches) is also digitized, channel loading
is reduced to 40 percent, which is still excessive from a design
standpoint. For example, an unusually busy period would
create unacceptable waiting times, so that the basic problem
is unsolved, and fleet size could not be increased since this,
too, would create congestion, This is a rather surprising result,
and is due primarily to the large system delay time of 750
milliseconds incurred by every message transmitted. System
delay time by itself accounis for a channel load of 18 percent
for case (2).

Unless the system delay time can be reduced to a few
hundred milliseconds, the planner must consider a dedicated
digital channel in addition to the original voice chanuel
(case 3). By digitizing queries, status messages, and limited
text, voice channel loading is reduced to 19 percent, which is
acceptable; loading on the digital channel is minimal because a
much lower system delay time is attainable with new digital
equipment. A possible drawback is the added typing load on
the dispatcher; however, call-for-service dispatch messages are
amenable to digitization and are currently handled in this
manner in the several computer-aided-dispatch {(CAD) installa-
tions now in operation (see Section 1.2).

Case (4), which requires the addition of a voice channel,
does not reduce channel loading sufficiently if system delay
time is not reduced,

We should mention the possibility of increasing the speed
of digital transmissions. (A value of 150 characters per second
was used in the example.} Transmission rates of 700 characters
per second are being developed, and would improve case (2) to
some extent; unfortunately, the results are still dominated by
system delay times, which must be improved before faster dig-
ital transmissions can be fully exploited.

It is important to note that the original voice channel is
so congested that messages are “compressed” by the dispatcher
during busy periods; this effect has been noted on similar net-
works and leads to an understatement of demand,such that an
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c. Full text plus status configuration, The only new
element in the mobile unit is the alphanumeric keyboard.
However, the encoder/decoder, logic, and display are all fully
capable of handling full text messages, The display could be a
small screen with a set of illuminated characters. Because of
the size limitations on mobile equipment, line length is
ugsually limited. Long messages must be composed a line at a
time. The same keyboard is added at the base station, but the
display can be larger. The status display indicators are
rebfined in both the mobile unit and base station, The dashed
lines in this diagram indicate that queries to a remote data
base must be relayed through the dispatcher and a terminal
operator, who actually enters the message on the terminal
console and receives the response, The most significant hard-
ware addition is the minicomputer, vhich is required to
handle message switching, and control displays. Depending
on the capability of ihe comiputer, additional functions, such
as message logging, traffic data collection, and report
generation can be included.
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encoder and keyboard at the base station and a decoder on
the mobile unit. The messages selected for base-to-mobile
digital transmission can vary according to local requirements.
Note that in all cases,the base station display must show
status for all vehicles using the channel; the mobile unit
display can be simply a set of four lights.
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d. Full text plus status plus direct data bank query
configuration. The only hardware items added for this
capability are the modems at either end of the transmission
line to the remote data bank. The minicomputer has a
considerably increased load, however, and may need
additional input/output capability and additional memory
to handle this function. If the base station does not already
have a line printer, one will probably be added to make a
record at the base station of the direct data bank queries
made by mobile units; in some cases, only the “hits” are
logged, rather than all queries. The minicomputer software
will have to be considerably expanded to handle the remote
data bank queries. Note that the terminal and uperator at the
base station are no longer required to reluy queries from
mobile units (although the base station will certainly have the
same capability, it is no longer a part of the mobile communi-
cations system).

Fig. 9. System configurations for four levels of digitization (The elements that make up an existing voice-only system are shown in open blocks.
In the successive levels of digitization, the elements ' 1t are added to the previous configuration are tinted gray.)
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Tahlo B, Dafinitions of Digital Hardwara Equipments

Item

Dascription and Function

Keyboard

Alphanumerje keyhoard

Far a status-only system, the keyhoard on the MDT (Maobile Digital Terminal) mounted in each patrol unit
has only a few keys, one for each status to be reported (four in a typical case). In'z twa-way status-anly
system, the base station will have the same equipmant,

For a full text capability, a keyboard with all the letters of the alphabet and the numbers 0 to 9, plus required
space, punctuation, and special keys, is mounted on the MDT, Usually, the status keys are also retained so that
the field officer need not actually compose a message qn the keyboard to report status., Additiona) function
keys are generally present, at least for such required operations as CLEAR (to clear an incoming message from
the display) and TRANSMIT {to send a message that has been composed on the keyboard and disptayed for
the field officer ar dispatcher ta check before transmission). The base station will have an identical keyboard.

The display on the MDT is usually a set of LEDs {Light Emitting Diodes} or similar devices for displaying
alphanumeric characters (similar to the displays on.packet electronic calcufators). The display may bea CRT
{cathode ray tubse, as in a TV set), although CRT's offer some problems for use in mobile terminals and ars
currently used in base stations only, s a status-only system, the display may be simply a set of lights that
indicate what status is currently signaled plus a light to indicate acknowledgement, At the base station, status
is displayed for all the cars on the channel, and the digplay is necessarily more complex,

This term designates the electronic circuitry that takes the signals from the keyboard and outputs them tg the
encoder and conversely interprets the signals from the decodsr to select the tights or alphanumeric symbols to
be illuminated ang turn them on. 1n some cases, the lagic unit is a minicomputer with relatively sophisticated

bank terminal

Modem

This equipment takes the signals from the logic circuitry and changes them into sequences of zeras and ones.
It also automatically adds the “overhead" bits for each message (preambile if used, parity bits, etc.}

This equipment performs the reverse operation, taking the received saquences of zeros and ones and

converting them into signals that cause the loglc circuitry to generate the correct display characters

This electranie circuitry determines whather the message being transmitted or recelved ig digital or voice, and
switches it accordinaly to the encoder/decoder or the speaker/microphone, Priority is always given to voice

Display
Logic unit
capabilities,
Encoder
Decoder
{or turn on the correct display lights].,
Mode select
transmissions.
Remote entry data

In the diagram of the full text digital system, this refers to the console at the base station from which queries
are directed to the local, state, or national deta bases, A special operator tor sometimes the dispatcher himself}
relays the queries received from the mobile units leither in digital text or by voice) by entering them manually
on the corsole keyboard. Responses appear on the console display and are refayed, in digital text form or by
voice, to tie mobnie unit. In Figure 94, this function is handled by the minicomputer.

This equipment (a MODulator/DEModulator) is used to interface digital equipment with transmission lines
carrying signals from one location to another. A modem is required at each end of the transmission line.

upgrade in channel capacity does not reduce loading by the
expected amount, Also, a digital capability tends to generate
its own traffic, as demonstrated i1 Section 1.2; agencies that
have installed digital links experienced a 500 percent increase
in database queries because of the ease, speed, and convenience
of transmitting messages, Both of these effects make it essential
for the planner to provide for substantial growth when consider-
ing upgrades.

The above example is for a downlink (base to mobile},
which is generally more heavily loaded than the uplink. We can
expect uplink congestion to be reduced to an acceptable level
if downlink congestion is cured, although the planner must not
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impose an undue typing load on the field unit by digitizing
many of the text messages. Uplink digitization should be
restricted to status and query messages, with litle if any text
digitization.

As will be indicated in the cost{benefits analysis of Sec-
tion 7, an imporiant consideration in selecting 2 level of digiti-
zatiop is the reduction of workload on the dispatcher(s). In
medium or large systems, digitization may significantly raduce
the dispatch workload. Direct data base query capability also
reduces the work load tin the remote data bank terminal oper-



ater, and may permit the reallocation of personnel in this
category.

5.2 Dedicated Digital Channel vs Shared
Voice Channel

The planner must consider whether the digital system is
to be combined with primary police voice communications
channels or if the system shouvld have a separate channel, with
voice capability, dedicated primarily to digital transmissions.
Aside from channel loading considerations discussed in
Section 5.1, characteristics of current voice equipments
{discussed in Section 5.5) could result in less than optimum
conditions for digital transmissions, In addition, the intro-
duction of digital tonesinto a previously voice-communications
channel can be disconeerting and even disruptive to the usess,
With the probable growth due to the greater number of digital
message transmissions, population increases and other factors,
it appears prudent that the planner give careful consideration
to a dedicated digital channel.

In many cases, however, there may not be enough total
channels available in & small ar riedjum size system to permit
allocating one for digital transmission only, And in large sys-
tems where the different channels are allocated to different geo-
graphic areas, the antenna coverage problem may not allow the
entire area to be reached by a single digital channel. It isnot
practical to duplicate each voice channel with a digital channel
covering the same area.

5.3 Simplex vs Half Buplex vs Full Duplex
Channels

Existing mobile communications channels are operated
in one of the following modes (see Figure 10);

Simplex, All transmissions, mobile to base and
base to mobile, use the same frequency. There-
fore, if any patrol unit or the base station is trans-
mitting, no one else can transmit a message or
receive zny other message.

Half Duplex. The chamel is divided into two
frequencies. The base station transmits on one
frequency and receives on the other, so that it can
transmit and receijve simultaneously. The mobile
units do not have filters to separate the two fre-
quencies, and thus cannot transmit and receive
simultaneonsly. They operate in the simplex or
“push to talk” mode, in which the receiver is
disabled while a message is being transmitted, and

must compete with one -another for *air” time.

29

Table.8. Channel Assignment Options

Vaice Channe) Digital Chennet
Wait Wait
Time, Time,
Option Loading | séc Loading e
1. Origina! all-voice channel 0,723 |9 - -
2, Shared voice/digital channel
a. Digital query and status; | 0.530 |3 - -
text by voice
b, Digital query, status, and | 0,396 | 1.4 - -
fimited text; remaining
text by voice
3, Original vo+ e plus dedicated
digital channel
a. Digital query ani status; | 0.365 (1.9 0.04 <0
text by voice
b. Digital query, status,and | 0,190 1038 0.07 <0.1
limited taxt; remaining
text by voice
4, Two voice channels 0.361 (0.9 - -
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Fig. 10, Simplax~half dupléx—full duplex links



s Full Duplex, The channel utilizes two frequencies

and the base and mobile units are configured such

that both can transmit and receive simultarecusly,

- If the existing system operates in the full duplex mode,
there is no trade-off to be made. In the other two cases,
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Fig. 11. Polling simulation
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however, there are special considerations invelved with digital
transmissions,

To prevent interferénce between mobile units in digital
comuiunications, a “base station busy™ signal is used to prevent
multiple transmissions, which result inlost messages. A simplex
system does not permit such a signal; in small systems where
patrol cars can normally hear the transmissions of other units
and/or-where the traffic is relatively light, digital messages might
be handled satisfactorily without the “base station busy”

“signal, A simplex system would be feasible in such cases,

although it would still be true that all transmitters, base and
mobile, would be competing for transmission time.

With either the half duplex or full duplex systems the
“base station busy™ signal can be transmitted on the station’s
transmit frequency. Unless a separate subcarrier is used for
this signal, however, it ties up the base station transmitter
during incoming message periods so that outgoing messages
cannot be sent.

In half-duplex operation, messages arriving at a mobile
unit at times when that unit was transmitting would be lost.
The probability of such occurrences should be quite low.

5.4 Mobile Unit Contention vs Polling
In a contention system all mobile units using a given

channel are in direct competition for base station access on a
“first come, first served” basis. That is, if one mobile unit is

5 T i ] T
POLLING
a1 -
o 3k .
=
|—
[4]
=
=
g 2= DEDICATED DIGITAL, -1
_ CHANNEL (QUERY, STATUS,
. AND LIMITED TEXT MESSAGES)
1 .
. CONTENTION
0 : i 1 |
0 40 80 120 1560 200

NUMBER OF PATROL UNITS..

Fig. 12. Channel Ioading and waiting times with contention versus polled tratfic control
{mabile to base; transmission delay time = 50 milliseconds)
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transmitting, no other can send a message until the channel
becomes free. Ir a polling system, the base station allocates a
time slot to each patrol unit and “polls” these slots in sequence
to accept messages. The base station must transmit a “clear”
signal to the mobile unit before that unit can transmit. In this
mode of operation, no “base station busy” signal is required;
the polling signals may be time-shrred with the nommal base
station transmissions. Usually, 4 separate polling transmitter
is necessary.

Since the polling versus contention mode has an
important impact on system complexity, a computer simu-
lation program was developed to obtain a comparison between
the two for a moderately loaded uplink (mobile to base)
channel (see Figure 11). The channel is dedicated to digital
transmissions (queries, status messages, and limited fext);
system delay time was fixed at 50 milliseconds, which
represents a lower bound value. The effectiveness of polling
schemes is dictated by the delay parameter, and if any
benefits are to be achieved, the delay time must be kept to a
minimum. The analysis applies to an aperiodic mode of
operation; that is, each unit in turn is given an opportunity to
transmit a message, but if the unit has no message, the con-
troller moves immediately to the next unit. This scheme
avoids time wasted in a “fixed slot™ polling protocol.

The results of the simulation are shown in Figure12,
which gives channel loading and waiting time, respectively.
For the lighily loaded channel investigated, polling
is not warranted. Subsequent investigations for very heavily
loaded channels ( p greater than 0.7) indicate that polling
offers some reduction in waiting time, but the planner is not
concerned with these applications, Block contention, in which
several but npt all units contend for the channel, provides
some improvements over pure contention modes for interme-
diate and heavily loaded channels.

5.5 New Equipment vs Existing Equipment

There is nothing about the normal voice comnunications
systems used for law enforcement that inherently prevents their
handling digital transmissions without change (except for the
addition of the specialized digital equipment). The planner
would certainly prefer to keep the existing system in place.
Some thought should be given, however, to potential sources of
trouble, such as radios and receiver voting systems.

Current mobile radios, at least those procured some time
ago, may have a significantly long response and turn-on time.
Beécause of the high speed of digital transmissions, part or all of
a message could be lost before the equipment was ready to
accept signals, One way to deal with this difficulty is to use
an adjustable preamble on the digital messages to give the equip-
ment time to respond before the actual message arrives. This
technique of course lengthens the transmission time for digitai
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messages, but not to an unacceptable extent in most cases, A
more serious drawback is that the turn-on delay reduces system
throughput (total message traffic) in a turn-on, turn-off con-
tention system.

It should also be recognized that misaligned or inadequa-
tely maintained radios can introduce severe attenuation and dis-
tortion into the channels used for digital communicatinns,
adversely affecting the performance of the data systems. This
factor does not necessarily indicate a need for new equipment,
but it should be taken into consideration.

Many mobile eommunication systems use receiver *‘vot-
ing” techmiques to obtain the best possible signals at the
base station. The incoming signals are monitored by several
receivers, and the output from the receiver with the best
received signal is selected and routed to the control area. Such
a system can affect digital transmissions in two ways; there are
switching transients when signals are switched from one receiver
to another, and a notch filter is used to cut out part of the
audio response for controlling receiver selection. The switching

‘transient problem can be overcome by locking onto one

receiver during the data burst and inhibiting voting during this
perivd. An alternative would be to design burst error-
correcting codes to ride through the votes. Still another pro-
cedure wounld be to receive and store the data from all the
satellite receivers and implement a voting scheme with the
stored data.

In many systems, signals are transmitted from remote
teceivers to the bate station through leased telephone lines.
These are often of tihe unconditioned type, perfectly adequate
for voice and limited digital control tones, but quite inadequate
for transmission of digital data at rates above 1000 to 1200 bits
per second. This inadequacy results from many factors such as
arbient noise, crosstalk, amplitude and phase vs frequency dis-
tortion. Consequently the planner should check on the quality
of any leased telephone lines used in his system to determine
how they will affect the performance of the digital system to
be added.

b,6 Data Base Query Volume

It has been noted earlier that the implementation of a
capability for direct data base queries from patrol units can be
expected to multiply the volume of such queries by a factor of
five or more. The planner needs to consider how this increase in
volume will affect the equipment and procedures now being
used to access local and remote data bases. The computer infor-
mation systems being used by law enforcement agencies have



veen designed to handle a certain volume of inquiries, and this
volume was limited by the requirement for relaying voice
quesies from mobile units. If the volume is going to rise as
much as indicated above, it is likely that the equipment now
used to interface with data bases will be inadequate. It is also
likely that the equipment at remote data banks such as state
and NCIC (National Crime Information Center) files will be
overwhelmed as more and more agencies acquire a capability
for direct access by mobile units. The planner should consider
not only his own needs for interface equipment, but the
probable effect on the remote data base facilities. Consultation
with the appropriate authorities is certainly in order.

5.7 Future Requirements vs Current Requirements

It has already been pointed out that the addition of a
digital capability to a law enforcement communication system
should not be looked upon simply as a better way of meeting
current requirements. Requirements for digital techniques are
certain to grow as new technology opens up new possibilities,
Such capabilities as computer-aided dispatching, out-of-vehicle
signaling, and automatic vehicle location monitoring are ejther
technically feasible or will soon become feasible. The planner
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shouid be looking zhead to such possibilities as he selects a
digital system configuration.

The most important element in accommodating future
expansion of digital capability is the base station minicomputer.
Many such computers are easily expandable, in that input/
output capability can be added, memory can be expanded by
the addition of modules, and the software system can be easily
modified to handle new tasks. The planner should be sure that
his system design includes provision for such expandability.

In summary, implementation of relatively high level
digital system can and probably will have a strong impact on
the overall command 2.id control system and its operations.
The planner should be aware of the potential impact and bound
his feasibility planning to include the complete system, not
digital equipments alone. A modeling device such as the
command and control system simulation program described in
Section 7 can be used to verify “before” and “after” operating
characteristics of his system to identify potential overloading
of system interfaces and personnel. Field tests of major
subsysterns involved in the upgrade shonid be conducted prior
to any final commitment to the upgrade.



6 PLANNING GUIDELINES:

PREPARING THE

IMPLEMENTATION PLAN

The planner evaluating possible digital communications
systems for his law enforcement agency will need to prepare
an implementation plan for the system he selects, He maywant
to prepare implementation plans for two or more alternative
systems he is considering, because only by preparing such a plan
can he identify and estimate afl the costs associated with imple-
menting a given system. The plan not only serves to identify
all the costs, but lists and schedules all the activities that will be
required to acquire the system and place it into full operation.
These can then be reviewed for their effects on other activities
or planned activities of the agency concerned as well as on
personnel management.

The implementation plan consists essentially of an overall
schedule of activities and a funding plan. The line items on the
overall schedule should incliide at least the following:

(1)
2)
(3
“)
(5)
(6)
o))

Precontract phase

Procurement

Facility preparation

Installation and checkout of equipment
System demonstration and acceptance
Personnel training

Maintenance

Other itemsthat may be requued in certam cases include:

@ Obtammg FCC license
{9) Local government agreements
(10) Data base connections
(11) Time-phased implementation (system not procured
all at once)

The funding plan should include, beside complete cost
' estimates, a breakdown of expenditures by fiscal year from the
start of funding to completion of operational capability.
Estimates for yearly maintenance should also be given. The
- elements in the funding plan are generally- the following: -

other a larger system-including'a full-text plus status capability
in the mobile units. Only the essentials of the implementation
plan are given in the examples; the planner may wish to add
details.

Example I: Status-Only System

The system to be implemented is the following:

o There are 40 mobile units operatiry on a single
half-duplex radio channel.

e Up to six digital “canned” status messages plus
unit identification can be sent from the mobile
unit, Acknowledgement by base station is both
automated and manual,

. Dipital messages share the voice channel.

¢  The dispatcher’s display shows the status of the
40 units by colored and blinkiag Jights.

. A printer near the dispatchers’ desk logs all status
messages with their times. -

e lLocal funding will be used and the entire system
will be implemented at one time.

[ A single contract will be let to a vendor for all

aspects of the system: hardware in base station
and mobile units, training, and documentation,

The overall schedule of activities is shown in Figure 13
and is self-explanatory. The cost estimate is given in Table 10.
For this example, the costs are not broken down by fiscal year.
The elements in the cost estimate are defined as follows:

Program Management Office.  This item covers salaries
and office equipment for a three-person Program Management -
Office for the duration of the implementation peried, This
staff is' responsible for preparing the Request for Proposal,
evaluating the propaosals received, interfacing with the selected .

" wvendor, and coordinating with the. day-to-day pnhce opera-

(1} The local agency program management oftice

(2} Consulting or systems engmeermg support, if
- .. planned DR K

(3) Procurement of equxpment and software

(4) Facilities acquisition and preparation -

'(S)_ Loglstlcs (t_rmm g, _spar_e.. parts mamtenance)

: Examp]es wﬂl be given for two possnhle miobile digital -
commumcatmns systems onea baszc status-onlysvstem and the

tions and local govemment personnel.

Travel, This item cb\ré'rs ihé"travéi required for consulta-

tion with personnel in ‘cities. that have implemented similar
systems and the travel to the vandor 5 plant
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Table 10. Cost Estimates for Example | {Status-Only Upyrade)

:MAINTENANCE CONTRACT -

" Fig, 13,  Overall schedule of activities for Example ! {status-only upgrade)
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Item Cost .
1. Program Management Office
' (@) Senior police officer 17 ronths X $1900 $ 32,300
(b} Communications enginger 17 months X $1200 20,400
{c} ~ Clerk typist ' 17 months X $675 11,475
' Tota! salaries $ 64,175
Employee benafits . 18,252
Total personne! services $ 83,427
Office equioment and supplies 5,000
' Total Program Management Office - S 88,427
2. Travel 3,000
3, Facilities remodeling 5,000
4, Procurement costs
(a}  Mabile terminals 40 X $700 % 28,000
(bl Base station _eqpipmem 50,000
{c) Spares 8,000
(d)  Engineering serviegs, including
training program 60,000
$164,000
Total estimate $242,427
B. - Maintenance costs (per year) § 8800
s MONTHS AFTER APPROVAL -
MILESTQNES 13127 31a1516] 7| 8] 201 i 2I31AN5] 160 716192021 |22 23 PAZ 5as
1| SYSTEM & FUNDING APPROVED - & B i 1
2} PRECONTRACT ACTIVITY | :
3| PREPARE RFP ,
4| . APPROVAL TO RELEASE RFP Al
5| PROPOSALS RECEIVED 1A 4
5§ CONTRACTOR SELECTION H
7], CONTRACT SIGNED
8 | FACILITY PREPARATION
¥ [ EQUIPMENT, INSTALLATIOR
“[10] - -BASE STATION . ’
1] WMOBILE UNITS
12| EQUIPMENT TESTS e
15[ €YSTEM ACCEPTANCE | | &
-[28| PERSONNEL TRAIHING
s INER




Tahble 11. Cost Estimates for Example |1 {Status, Full Text, Data Base Query}

Item Cost

Program Management Office

{a)  Senior police officer 21 months X $1900 $ 39,900
{b) Police officer 21 months X $1300 27,300
{c)  Administrative analyst 1/2 X 21 manths X $1500 15,750
{d) Communications engineer 21 months X $1600 33,600
{e} Date processing engineer 21 months X $1600 33,600
{f]  Clerk typist 21 months X $675 14,175
Toval salaries $164,325
Employee benefits 49,288
Total personnel services $213,623
Difice equipment and supplies 7,000
Total Prograia Management OFfice $220,623
Traval £ 4,000
3. Facliities remodeling $ 10,000
Procurement costs
{a}  Mobile terminals 60 X $3,000 $180,000
(b)  Base station computers,
software and peripherals 100,000
(c) Spares 25,000
{d)  Engineering sarvices, including
training program 80,000
$385,000
Total estims*» $619,623
Maintenance costs (per year) $ 30,500
MONTHS AFThe APPROVAL
MILESTONES T[z]3[a}5]6] 7] 8] aRopne O IEaT A e o za2 (2 23] zsﬁ
1| SYSTEM & FUNDING APPROVED 4y . | .
'|2 | PRECONTRACT ACTIVITY j ) :
3 |___PREPARE RFP _
4|  APPROVAL TO RELEASE RFP 1 IA
5| PROPOSALS RECEIVED | A
& | - CONTRAGTOR SELECTION - H
7| CONTRACT SIGNED i 111
8 | FACILITY PREPARATION’ - ___[
3 | EQUIBMENT INSTALLATION ] :
10} BASE STATION
n]  MOBILE UNITS
12| EQUIPKSENT TESTS
13| SYSTEM ACCEPTANCE !
14| PERSONNEL TRAINING ' ' - *
{15] MAINTENANCE CONTRACT i | L

' FEgﬁrg'-M; Overall séﬁedul_e of activities for Example'll {status, full text, data base query)
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Fgcilities Remodeling, Tt is assumed that the existing
dispair.} ing room is adequate, but that some rearrangement of
operating positions is needed and a wall must be erected for
mounting the new status display board.

Procurement Cost. This item covers all mobile and base
station equipment, including that required to interface with
existing radio transmitters and receivers and the display board
for the dispatching room. It also includes engineering, installa-
tion, and all tasks leading to acceptance of the system by the
agency.

Example [I: Status, Full-Text, Data Base Query

In this example, the system to be implemented is the
following:

] There are 60 mobile units operating on two hali-
duplex radio channels,

Full-text digital capability to and from the mobile
units is provided, plus up to six “canned” messages
and unit identification.

Digital messages share the channels with voice
mess4ges.

The dispatchers’ display shows the status of the
60 units by colored and blinking lights.

The system provides for direct data base inquiry
from :nobile units for wanted persons, license plate
checks, and related data base information.

Local funding will be used and the complete
system will be implemented at one time.

A single contract will be let for the complete
system, including equipment, software, training,
and documentation.

The system includes equipment to interface with
communijcation lines to existing data bank com-
puters, No additional hardware or software is
assumed to be required for access to data banks,

The overall schedule of activities for this example is
shown in Figure 14, The cost estimates are presented in Table
11 with the breakdown by fiscal year given in Table 12. The
elements in the cost estimate are defined as follows:

Program Management Office. This item covers salaries
and office equipment for a 6-person Program Management
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Table 12, Cost Breakdown by Fiscal Yesr, Exampla 11
{Status, Full Text, Data Base Query}

Item FY1 FY 2
Program Management Office $126,070 $ 94,553
Travel 1,600 2,500
Facilities Remodeling 500 9,500
Procurement 0 385,000
FY Total 128,070 $491,653
Accum.Total | $128,070 $619,623

Office during the implementation period. The staff is respon-
sible for preparing the request for proposal, evaluating the pro-
posals received, interfacing with the selected vendor, and
coordinating with the day-to-lay police operations and local
government personnel.

Travel, This item covers the travel required for consulta-
tion with personnel in cities that have implemented similar sys-
tems and the travel tn the vendor’s plant.

Facilities Remiodeling. It is assumed that the existing dis-
patching room is adequate but must be remodeled to provide
display board mounting and separate areas for additional equip-
ment. It is also assumed that additional area is needed for
spares storage, system documentatijon, and supplies.

Procurement Costs, This item covers all mobile and base
station equipment, including that required to interface with
existing radio transmitters and receivers and a display board for
the dispatching room. It also includes engineering, installation,
and all tasks leading to acceptance of the system by the agency,

Items Not Included, The cost estimate does not caver the
leasing of any necessary telephone lines for communication
with data banks, nor any work required to expand or modify
data banks,

The above examples of cost and schedule information are
intended to illustrate typical implementation plans. Bothexam-
ples could be significantly in error and should not be taken as
representative of costs for any given system at any given time.
The planner must develop his own estimates through discussion
with other agencies that may have implemented systems similar
to the one he is considering, and with vendors of equipment
(see Table 1 for a partial list of agencies currently involved with
digital communications programs.)



7.

PLANNING GUIDELINES: COST BENEFITS

ANALYSIS

The final determination of what digital communication
system to implement for a given agency will be strongly influ-
enced by an overall evaluation of costs versus benefits. We can
identify a set of benefits that can be expected to follow from
the implementation of a digital capability in a given agency:

(1) Improved officer safety

(2) Shorter response time to citizen calls

(3) Reduced crime rate

(4) Improved “hit” rates

(5) Reduced load on patrol personnel

(6) Reduced load on base station personnel

(7) Reduced channel congestion and “wait” time
(8) Improved communication security

Obviously, not all of these factors, and certainly not the
most important of them, can be expressed in dollar terms. Our
approach to cost benefits analysis will be to compute dollar cost
savings wherever possible and to evaluate the qualitative bene-
fits that are associated with digital communications by means
of a relative ranking technique.

Of the benefits listed above, items 5 and 6 clearly can be
measured in terms of dollar costs, and items 3 and 4 can be
estimated even though with greater uncertainty. Item 7 is
essentially covered by the estimates for personnel loading
(iterns 5 and 6). The other items are either measured in terms
of reduced response time (I and 2) to which no dollar value
can be assigned, or can be evaluated only in qualitative
terms (8). A relative ranking scheme is used to treat this latter
category of benefits.

Few analytical technigues are available, however, that
can handle satisfactorily the complex interactions among all
the elements of a system that lead to reasonably accurate
estimates even of personnel loading., The planner can arrive
at such estimates by considering reductions in transmission
time and projecting these to personnel loading, but a better
approach is to consider the entire command and control sys-
tem and determine how all its elements are affected by the new
capability.

7.1 System Simulation

For the reasons given in the preceding section, we have
developed a computer simulaiion of a law enforcement com-
mand and control system. This program is designed to simulate
the actual operations of such a system under various design and
loading assumptions. In this way, it determines the actual effect

37

on base station and patrol unit personnel loading of decreased
message transmission time, reduced channel loading, and other
system parameters.

Figure 15 is a block diagram of this simulation of a law
enforcement command and control system. It consists basically
of two separate elements, representing the base station and the
patrol units, respectively. Beginning with the base station
sequence on the left, calls for service are generated and placed
in a queue for the attention of the complaint board operator
(CBO). Some calls are not passed to the dispatcher but referred
to other elements of the agency, such as the detective bureau,
for action. Those calls that are referred to the dispatcher form
a queue to wait for the attention of the nextavailable dispatch-
er, One or more dispatchers can be assumed, and the program
maintains a continuous status on each so that it can determine
when he will have completed his previous task. This status
monitoring function also measures dispatcher loading (percent-
age of the total time he is handling calls, assigning units,
acknowledging messages, etc.)

Once the call reaches the dispatcher, 30 seconds are
allowed for the dispatcher to examine the information, deter-
mine what action is required, and select a patrol unit on the
basis of patrol unit location and availability.

The next block represents the operation of contacting the
selected patrol unit and giving it the assignment. The average
time allowed for this biock is 10 seconds; with a digital capa-
bility, the dispatch transmission time is reduced to 3 seconds.

A 60-second block of time is allocated for the prepara-
tion of the dispatcher’s report on each call. The program
accumulates these blocks to provide the total time the dis-
patcher spends on a call, including subsequent conversations
with the patrol unit working the call.

The patrol unit model begins with a set of patrols, the
number specified as an input to the program. At the beginning
of the run, each patrol unit is assigned a status (normally
“ayailable™). The program monitors channel usage by all patrol
units and thus “knows” when the channel is clear. When the
channel is clear, the patrol unit sends a status message; this is
assumed to require a fixed time of 3 seconds for voice and
1 second for digital.

The “dispatch call?” decision block is the link betweesn
the base station and the patrol unit with respect to the handling
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Figure 15. Command and contro} system simulation

of service calls, At this point,the patrol unit sequence checks
the corresponding block of the base station sequence to deter-
mine whether or not a dispatch call for that unit exists. If there
is none, the model then determines whether or not a patrol-
initiated event is to be assumed at this time. The mode! vses a
nominal value of three such'events per 8-hour shift, assigned
randomly.

_If no patrol-initiated event is scheduled, the model next
checks to deterwine whether the given patrol is scheduled for
a break. If it is, the communications block is again used, except
that the status reported is ““on break” and the program changes
the status of this patrol unit accordingly.

Returning to the “dispatch call” decision bleck, if there
is a dispatch call for this unit issued by the base station
sequence, the program again uses the communications block
except that the status reported is “en route” (the program
changes the status of this unit accordingly).

, The time allowed by the program for completion of the
service call by the patrol unit is randomly selected from an
exponentlal distribution, with an average of 35 minutes.

There is some probability that a given szivice call will
involve a data base query. If no query is involved, the program
allows a 60 second block of time for preparation of a report
and returns to the beginning for a new status assignment for the
given patrol unit. I there is a data base query, the communica-
tion block is simulated, with the addition of a time increment
for transmission of the query and receipt of the response. The
time allowed is 20 seconds for voice and 5 seconds for digital,

7.2 Results of the System Simulation

Because the simulation model addresses the operation of
the complete command and control system beginning with in-
coming service calls, and because it represents statistically vary-
ing parameters by random selection from realistic probability
distributions, it can make realistic estimates of channel loading,
wait times, and personnel loading under various assumptions,
In particular, it can provide realistic estimates of the quantita-
tive benefits to be expected from the addition of a digital com-
munication capability to an existing voice-only system.

The major resuits from an initial run are shown in
Table 13, together with the assumptions regarding the system
modeled. This table represents the resultsof simulating 6 houss
of system operations.
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The significant differences between the voice-only case
and the voice plus digital case are seen in the dispatcher loading
(reduced by half), reduced channel loading, and the patrol
utilization factor (time on patrof). °

7.3 Cost Benefits Evaluation

As noted earlier, some of the benefits resulting from
digitization lend themselves to computation in dollar terms and
others are difficult or impossible to quantify. Of the param-
eters listed in Table 13, one can be translated into dollars: dis-
patcher loading. In a system with only one dispatcher no dollar
saving can be made (although the change from intolerable over-
loading to easily handled work load is a benefit), but where
there may be several dispatchers the change to voice plus digital
communications may permit the elimination of one or more
dispatcher positions.

All benefit evaluations discussed here will assume a S-year
life for the digital system; consequently annual savings are
multiplied by 5 to derive a total dollar benefit. In the case of a
dispatcher, dollar savings are estimated to be:

Direct salary 15000 X5 = 75,000
Emplayee benefits at 25% 3750X 5 = 18,750
Total 5-year saving {per shift) $93,750
Total 5-year saving (a factor $421,900

of 4.5 is used for 24 hour,
7 day coverage)

This calculation does not allow for salary increases over the
5-year period: these would increase the amount of the saving.

For the system modeled in the simulation, a reduction
from two to one dispatcher was assumed. In the case of the
patrol units, a saving can be calculated assuming that present
patrol time must not be reduced (this policy may or may nat
be a firm requirement of the individual agency, but it is tra-
ditionally used by many planners; see Larson, Urban Police
Patrol Analysis), Using a value of $15 per patrol unit hour, the
difference between the 57 percent time on patrol with the
voice-only system and the 59 percent time on patrol with the
voice plus digital system translatesinto dollar savings as follows.
Assuming that patrol fleet size is not reduced (only a fraction
of one car could be rempved), but that the number of patrol
hours is held at the original level:

2 percent more time on patrol
0.16 hours per 8-hour shift per
unit

59-57 =
00ZX8 =
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Tahle 13. Resulis of JPL Simulatian Model Run

Assumed system for the model run:
20 patrot units

1 full-duplex channel

| service cali per 8 minutes {mean valug)

Voice Plus
Paramater Voice Only Digital*

Channet! utilization, percent®* 48 16
Wait time for channel, seconds 3.3 04
Dispatchers 2 1
Dispatcher [oadiag, percent 48 (aval 49
Wait time for dispatcher, seconds 35 35
Units on patrol, average 11.3 118
Parcent time on_patrol, all units 57 59

*Assumes full digitization of status, query, and dizpatch messages.
**Hase to mobile,

3 X365%0.16 %20

3,504 hours per year for all patrol
units

= §$52,560 per year savings

= $262,800 savings in 5 years

3,504 % $15

The total direct cost savings based on a 5-year life are:

Reduced dispatcher labor costs $421,900
Savings in patrol costs $262,800
5684,700

The added cost of the voice plus digital system was
estimated at $619,623 (see Table 11) for a 60-unit fleet, or
$491,290 for a 20-unit fleet. This cost must be increased by
the cost of maintenance over a 5-year period, which is taken
at 10 percent (per year) of the original equipment costs of
$168,330, based on item (4) of Table 11 less item (d) (adjusted
for 20 rather than the 60 units shown in Table 11): over a
S-year period, maintenance cost will total $84,166, giving a
total system cost of $491,290 + $84,166 = $575,456. Com-
paring this cost to an estimated saving of $684,700 gives
the approximate cost benefits of the implementation of
digital communications.



The above simple example illustrates the procedure for
computing cost benefits. For larger systems, fractional
savings in manpower can be accumulated to permit the reduc-
tion in positions,with accompanying larger dollar savings.

7.4. Overall Cost-Performance Evaluation

While cost benefits are an important criterion in evalua-
ting a potential communication system upgrade, the planner is
often asked to prepare an overall rating for each system con-
fisuration under consideration, including relative system per-
formance as well as costs. This can be done by means of a
weighting technique, which assigns numerical factors to poten-
tial system capabilities to provide some degree of comparative
measurernent of the value of systems with different charactes-
istics,

The following brief discussion is based on material
prepared by Hughes Aircraft Company, Fullerton, California.

A set of weighted characteristics is given in Table 14.
The weighting factors are not arbitrary but are based on a series
of judgments and calculations, not given in detail here. A set of

Table 14. Relative Weighting of Systam Perfermance Capabilities

ftem Ralative Weight
1. Radio congestion 0.08
2. Query capahility 0,10
3. Response time G.10
4,  Support officer in trouble 0.18
5.  Monitor unit location/status 0.05
6. Dynamic re-deployment 0.07
7.  Management planning 0,07
8. Unexpected occurrence contro! 0.1
9, Resource utilization a.11
10.  Clarity of dispatch messages 0.07
11. Data collection 0.06
100

agency goals is established (for example, prevention/suppression
of crime, investigation/apprehension of criminals, maintenance
of public order, and public services), and assigned telative
weights (which add up to 1.0). Agency functions, such as
management/planning, supervisionfcontrol, and field opera-
tions, arc also identified and weighted. These two sets of factors
are then interacted (that is, how much does supervision contri-
bute to public services as against investigationfapprehension,
and so forth) to produce a set of weighting values for each func-
tion according to the way it supports the goals. A set of system
features, or capability items, is established (see Table 14). The
weighting values are assigned to the set of system features,
resulting in the final numerical values in Table 14, We should
emphasize that these relative-value numbers result from a series
of judgments made jointly by technical and police profes-
sionals, brought out to a simple column of figures by multi-
plication.

To support a comparison of systems, the relative presence
of each itemn in each system is determined {columns 2 and 4,
Table 15), These must add up to 1.0 for all systems compared
for any one line item. The weights of the items (column 1) are
multiplied in (columns 3 and 5) and totals for all items taken for
each system. These totals measure the benefits of the systems
according to the weighted capability items, and can be used to
rank the systems on the basis of benefits.

Cost values can be similarly compared, and, when cost
and performance qualities have been suitably weighted, the sys-
tems may be ranked on the basis of cost and performance, as
shown in Table 16.

Other desired items of capability may and probably
should be derived, valued, and calculated on the basis of the
planner’s own department, using this technique, The results
might confirm an intuitive judgment, or they might not; in any
case,they are based on visible and agreed-on rules and inputs.
The full details of the worleup tables should be presented along
with the final ranking values so that the decision makers are
fully aware of the factors that cause a given system configura-
tion to rank ahove or below its competitors. The planner also
may wish to establish a lower bound for certain critical fea-
tures (for example, officer safety, or response time) and call
attention to systems that do not meet minimal standards,

The above example iilustratesa procedure for rankingand
comparing system configurations on the basis of general per-
formance and cost goals. The planner may wish to add or delete
certain criteria, or to assign different weighting values, but we
believe that he will find the method useful in evaluating
potential upgrades,



Table 15. Relative Performance Rankings of Vaice-Only System and Voice-Plus-Digital System

)

Vaice-Only

Vaice-Plus-Digital * *

@

Item Relative Weight® Value @D =@ Value @Ox@®
1. Radio congestion 0.08 1] 0 1.0 0.08
2. Query capability 0.10 04 0.08 0.6 0.06
3.  Hesponse time 0.10 0.3 0.02 0.7 0.07
4,  Support officer in trouble 0.18 04 0.07 0.6 0.11
5.  Monitor unit location/status 0.05 03 0.02 0.7 0.03
6. Dynamic redeployment 0,07 0.3 0,02 0.7 .05
7.  Management planning 0.07 0.4 0.03 0.6 0.04
8. Unexpected occl;rrence contro! 0.1 0.3 0.03 0.7 0.08
9. Resource utilization 0.11 0.4 0.04 0.6 0.07
10,  Clarity of dispatch message .07 0.4 0.03 0.6 0.04
11.  Data callection 0.06 0 o 1.0 0.06
System performance rank* * E ;;

*Column (7) sums to 1.00 isee Table 14}

**Smtus plus full-text plus automatic data base query

Table 16. Relative Overall Rankings of Voice-Only System and Voice-Plus-Digital System

©)

Voice-Only

Voice-Plus-Digital**

@

@

ltem Relative Weight* Value @D =x@ Value Dx@
i.  Performance 0.7 0.31 0.22 0.69 048
2. Cost 0.3 0.45 0.13 0.55 017
System overall rank 0.35 0.65

*Colunin -(7) sums to 1.00

++Satus plus full-text plus automatic date base

query
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APPENDIX A

COMPARISON OF DIFFERENT AVAILABLE MOBILE DIGITAL
COMMUNICATIONS SYSTEMS

This appendix consists of a set of tables comparing the fea-
tures and characteristics of mobile digital communications sys-
tems offered by six different manufacturers. It was made avail-
able by the Texas A & M Center for Urban Programs at the Ur-
ban Technology Conference-on Mobile RF-Digital Communi-
cations held at Arlington, Texas, March 11-17, 1974, The
tables present comparative data on the folloving system ele-
ments:

(1) The overall system

" (2) ' The mobile terminal

(3) The mobile printer

Note that some of the sysiems or elements were still under

' development at the time the igbie was compiled, and that

- 43

some information was not available; anyone interested in the
current status of such items, or of systems not described,
should check directly with the marufacturer (a list of vendor
contacts is given in Appendix C).

A narrative description of a single representative system is
presented in Appendix B,



he Motarola Madat alphanumeric terminal system is currently under development, and many details have not yet been

Interfacing with existing systam Software
With With
simplex, | existing Requiras )
Easily duplox, | voice, |Time share dadicated Operating | Applications
Manufacturer System Basic suitahility expanded half-dup.| radio | with voice?| data channel | Delivered software software
Atlantic ARCOM | Typically 60 vehicles Yes Yes Yes Yes No 3 Yes Yes
Research Corp. About 102 maximum
Coded Comm. | Star 15 vahicles up Yes Yes Yes Yes No
E-Bystems Digicom Y
8000 Unlimited Yes Gantoa | Yes Yes No Yes Yes Yes
DC10 Unlimited Yes Yes Yes Yes No Yes Yes Yes
PC300 Unlimited Yes Yes Yes Yes No Yes Yes Yes
Kustom Radcom Up to 300 mohile terminals Yes Yes Yes Yes No Yes Yes Yes
Comcen {Can support multiple and
multiple data bases) i
Matorola ModatT 176 be defined Yes Yes Yes Yes No Yes Yes Yes ' 1
i
Sunrise Electro- | Moscan Up to 1000 mobile terminals Yes Yes Yes Yes No Yes'P Yes Yes 1
Service Corp, per radio channef; avg. elght
256 char. msg./term./br, ‘ j
|
i

4The scape of the Management information fu

released. Software support has been fully developed and is available. 5Capabi|ity ot inquiry by name, social security;
It is recommended that channels carry digital traffic only. SE ventual computerized dispatching with mand
Currently under development, Effective data rate including redundancy = 6 ‘
1

L _;
i

itted mes Re

Unit Alphanumeric | Alphanumeric Remote Message Report Transmitted messsge :

Manufaeturer | Systam | cost keyhoard display display2 editing generation Storage Display La_!
Atlantic ARCOM{51800 | Yes. 50 keys! | 16 char. LED Yes Yes Yes, up to 80 char./transmission 80 char. 16 char, 16 r.hzir!i
Research ;
Corp. : j
Coded Comm. | Ster $ 691 g
E-Systems Digicom : 1
8000 $3500 | Yes. 51 keys 256 char, Yes Yes Yes 256 char, | 256 char, 256 c:h';J

bC10 |35 800 No 3 char. , Yes Yes No 0 0 3 char.;

DC300 | S3000 | Yes. 48keys | 64 char, Yes Yes Yes 64 char, | 64 char. | 64 char

. 1

Kustam Radcom | 53200 | Yes. 39 heys | 256 char. No, Audio tone | Yes Yes 256 char. | 224 char. 256 cha
Cormcen Yes. 39 keys | Plasma signal alert. Yes §

displays 1

Motorola Modat | $3000 § Yes. 40 keys | 32 char. Yes. Audio tone| Yes Yes 64 char, 32 char. 64 charj

: signal alert .

‘ option. . 1

Sunrise Moscant0] $2095 | Yes 51 keys 30 char. Yes Yes Yes 256 char, 32 char. 256 cha
Electra- a
Service Corp. . 1
1The ARCOM MGT-16 keyboard is non-standard and designed to permit users not familiar with the standard typewriter 3indicates that the mobile termina
keyboard to operate the terminal with ease. dindicates that the mobile terminn
2The received message can be displayed by cormmand from base station. 5A11 transmissions from the mub_ilea

+oLDOUY FRAMY /'
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S —
Interfacing with axisting system Software
h With - Custom Direct data | Terminai-to-
X, | existing Requires tailoring base terminal digitat § Multiple
%, | voica, |Time share dedicated Qperating | Applications for user Report Polling }inquiry and | communication} {inquiry
up.| radic | with voice2| data channel Delivered software software need generation® | techniques | response capability function)
; Yes Yes No 3 Yes Yes Yes Yes No Yes Yes Yes
3 Yes Yes No
'el)i" Yes Yes No Yes Yes Yes Yes Yes Optional Yes Yes Yes
5 Yes Yes No Yes Yes Yes Yes Yeas Optional No Yes Yes
; Yes Yes No Yes Yes Yes Yes Yes Yes
5 Yes Yes No Yes Yes Yes Yes Yes No Yes Yes Yes
Additionally (Multiple}
provided
5 Yes Yes No Yes Yes Yes Variety of | Planned No Yes if required Yes
saftware
pkgs avail.
; Yes Yes No ves!® Yes Yes Yes Yes vesi6 Yes Yes Yes
1 many details have not yet been 4The scope of the Management §nformation function performed or planned by the systems differs widely.
5Capabilitv of inquiry by nama, sacial security number, vehicle number, vehicle registration number, etc,
BEventual con.puterized dispatching with manual complaint gntry,
7Effective data rate inciuding redundancy = 600 bps,
|
. = -
©]
. . Transmit -
B Message Report Teansmitted message Received messaga Changeabie | Key lock modas -
2 editing ganeration Storage Display Length Display Indication address switch indication ;‘
Yes Yes, up to 80 char./transmission 80 char. 16 char. 16 char, 16 char. |Yes {tone, horn Yes No Yes
or flashing light} Flashing display 3
indicates trans, ;
Yes Optiona! Yes
Yes Yes 256 char, | 2566 char, 256 char. 256 char.| Tone/indicator Yes No Yes
Yes No 0 0 3 char. 3 char, Tone Yes No Yes )
Yes Yes 64 char. 64 char. &4 char, 64 char. Tone/light Yes No Yes |
tone | Yes Yes 256 char. 224 char, 256 char. 256 char. Yes Yes Yes Yes
. Yes {Tone alert)
tone| Yes Yes 64 char, 32 char. 64 char, 32 char, Yes Yes No No
{Tone}
Yes Yes 2566 char, 32 char, 256 char. 32 char, Yes Yes QOptional Yes
{Light/tone
salact - blink-
steady-none)}

familiar with the standard typewriter 3|ndicates that the mobile terminal is transmitting a message.

4ndicates that the mohile terminal did not resgive an acknowledgament indication.
St transmissions from the mobile terminal are identified by the assigned mobile terminal (D,




Adapt. to Line cantrof s:wgér Lins prlmﬂ'm
C.smputer differant Hit contention Modulation Modulation | fai/start Rata, Sixe, Alpl
asst. dispatch Drata rate data bases® disptay? | Status display1? mode?? technique mode capability | lines/min | cherJline 1
Yas 600 bps’ Yes Yes Yes Yes Coherent FsK12 Async Yes Two models
60 80
Yes Coherent PSK Sync
Yes 1200 bps Yes Yes Yes PSK Sync Yes Customer specified
Yes (iimited) | 300 bps Yes Yes Yes Yes £SK Async Yes
Yes 300 bps Yos Yes Yes (Alphanum. {pius pothng) FSK Async Yes
pius color)
Yes 185 char./sec Yes Yes Yes Yes APSK Sync Yes Three models
60 80
60 132
300 132
vesb 800 bps or mora Yes Yes Yes Yes Ditferential Sync Yes Two models
psi 13 135 g0 1
300 80 ]
Yes 700 char./sec Yes Yes Yes Yes paski? Async Yes Cust, spec. | Cust. spec.

BAdaptabilitv 1o different data bases, such as NCIC, FCIC, state computer info, centers, metro. info. centers, ete., which
in gereral might have different communication line spec., different data rate, different character coding, ete.

9 As soon 85 3 “hit” is reported by the data base computer {remote or local), the message is dispatched automatically by
the base station computer to the officer via the mobile terminal and is displayed at the dispatcher console and/or tagged
for later reporting and statistical use,

10T he status of alf avaitable mobile units is continuousiy aisplayed at the dispatcher console and is continually updated by
the base station computer system.

11 The terminal systemn is designed {in the Radcom-1, Madat & ARCOM systems} to share existing voice radio channels,
operating in cantent.on mode. In the Modat system, precedence is always yielded to the voice traffic. Through channel
sensing, the Radcom-1 and ARCOM systems prevent pre-amption of a voice transmissior Ly a digital message.

1_2The transmisston is synchronous during the mess

13The Motorola system will be designed to operate
144 ine printer at the base station; normally used fo
15Digitai communications systern in radio Services ¢
184 programmable feature, !

17Sunrise's Mascan system interfu.es with all mode;

1

-

MOBILE TERMINAL EQU

‘ -
Functicn keys8 ;
B
Retransmit Auto Acknowledge- Automatic Channef Bural Swivel Glare User Emargancy | - !
indication? 105 ment retransmission senseB buffering? | Weight capacity |avoidance | Number | coded Status koys koy E:
S
!
Yas Yes Yes Yes Yes No 41ib Not nzeded Yes 10 Yes Special ten-key 1 Ser
4 times followed by i
status code
Yes Yes Yes Yes Yes 4 | No 8 1 3
Yes Yes Yes Yes Yes Yes 201 | Different Yes g Yes 9 1 Au
Yas Yes Yes Yes Yes No 71b mounting Yes -] Yes ] 1 Ay
Yes Yes Yes Yes Yes No 171b ?::; ':rati ons Yes 7 Yes 4 1 Au
Yes Yes Yes Yes Yes Yes 17 b Yes Yes 7 | Yes 4 1 Ser
Automatic ’ﬁ
Yes Yes Yes Yes Light | Yes.Also Yes 5317 | ves 5 i Au
raiseflower |
Yes Yes Yes Yes Yes Yes 71 Yes, Also Yes 511) Yes 10 1 AL
Aute. (Selectzble raise/lower (Remote | o
& carrier-data- emergency |

manual none} trigger}

B¢ hanna) activity is sensed for non-interference transmission.
7 Allaws message reception even gs a message is being transmitted.

Function keys simplify message composition and data entry for certain fixed format messages
{usually user assignable}. Also transmission time for such fixed format messages is shorter,

95emi-automatic entry: the transmit key (XMIT) has to be aetuated after ﬁ
transmission of the status message, Automatic entry: pressing the function

Additional features inglude forward errar correction and PL tone muting,
1\With alternate keyboard, i

rOrLDOUL FRAME  /
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MOBILE DIGITAL SYSTEM CHARACTERISTICS

CPU: o L2 ile terminal
ine contral power Lins prints Mob -
ontention | Modulation | Modulation | failfstart | Rata, Size, | Atphanumeric | Elactronic | Hard copy
mode] technique | mode capability | tinesfmin | charfline terminal display printer System | Manufacturer
Yes Conerent FSK12 Async Yes Two models Yes Yos (LED) |Availsbility} ARCOM Atlantic
50 20 projected Research Carp.
Coherent PSK Sync Star Coded Comm,
Digicom E-Systems
Yes PSK Sync Yes Customer specified Yes Yes QPIfOﬂal 8000
Yes FSK Async Yes Yes Yes (LED) | Optional 0c-14
lus poling) FSK Async Yes Yes Yes (CRT) | Optionat DC-300
Yes APSK Sync Yes Three madels Yes Yes {plasma}| Optional Radecom Kustom
80 80 Comceen
60 132
300 132 ’
Yes Differential Sync Yes Two models Yes Yes (LED) |Optional Modat Motarola
psK13 135 g0
300 80
Yes pask17 Asyne Yeg Cust. spec, | Cust. spec. Yes Yes Optional | Moscan Sunrise Electro-
Service Corp,

netro. info, centers, etc., which
haracter coding, etc.

is dispatched automnatically by
{ispatcher consale andfor togged

le and is continually updated by

BXisting voice radio channels,
 vaice traffic. Through ghannel
1 by a digital message,

St

124 transmission is synchronous during the message and asynchronous between messages,
13The Motorola system will be designed to operate with existing Motorola radic equipment.

14 ine printer at the base station; normally used for message logging of incoming and outgoing messages.

15 Digital coemmunications system in radio services other than public safety,
164 programmable feature,
17 5unrise’s Moscan system interfaces with all madern radio equipment,

MORBILE TERMINAL EQUIPMENT CHARACTTERISTICS

Function keys®
Swivel Glare User Emergency
Veight capacity |aveoidance | Number | coded Status keys kay Entry3 System { Manufacturer
Hib Mot needed Yas 10 Yes Special ten-key 1 Semiauto ARCOM | Atlantic
foliowed by Research
status code Corp.
4 No 8 1 Star Coded Comm.
) Digicom | E-Systems
01ib Different Yen <] Yes 9 1 Automatic | 8000
71b mounting Yee 6 Yes 6 1 Automat';r: DC-10
17 b con- 7 4 1 Automatic | DC-300
figurations Yes Yes
17 b Yes Yes 7 Yes 4 1 Semiauta | Radcom!| Kustom
Comcen
ight Yes. Also Yes 5311 Yes 5 1 Automatic | Modat | Motorola
raise/lower
711b | Yes Also Yes g1l Yes 10 1 Auto or Moscan | Suarise
ralseftower [Remote | comiaieg Elactro-
emergency Service Corp,
trigger)
95emi-automatic entry: the transmit key {XMIT) has to be actuated after pressing a function key to initiate
transmission of the status message. Automatic entry: pressing the function key initiates transmission also,
sages 10 additionat features include forward error correction and PL tone muting,
‘. Twith alternate keyboard,
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MOBILE PRINTER CHARACTERISTICS

Remote command Print rate
Manv Tacturer System Optianal extra operation capabitity | Linesfsec Char./line
Atlantic ARCOM Available in Yes 2.5 21 {will have night
Research the near lighting)
Corp. future.
Muirhead, Inc. Mercury The Mercury 1V mobile facsimile system provides fax Resoution; 90 linesfin,
v transmission of messages, documents, and photo- Autamatic operatinn,
graphs over existin~ radio or telecom channels. 4 hr continuous op, per roll of paper,
E-Systems Digicom
10
300 Yes Yes 20 16
1200 Yes 4.0 32
Kerox ‘The Xerox primer is used with the Xerox 530 computer 0.8 36
and may pe interfacd »vith most ether equipment.
{Example — the GE instellation in Shreveport.}
international 2976 Only the mobile printer is available on the 25 21
Business IBM mobile terminal for a hard copy reception of
Machines messages.
Kustom Radcom 1 Yes Yes 35 16
Comcen
Motorola Modat Yes Yes Mechanically identical to Motorola VP-100

teleprinter

100 WPM

36
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APPENDIX B

DETAILED DESCRIPTION OF TYPICAL
EQUIPMENT FOR MOBILE
DIGITAL COMMUNICATIONS

This appendix describes the following typical equipments
required for a mobile digital communications system:

1)  The mobile digital terminal installed in patrol cars

2)  The dispatcher’s display terminal

3) A supplementary status-only dispatcher’s display
terminal .

4)  The base statio 1 line printer

5)  The mobile terminal line printer {optional)

No descriptions are included of the base station controller,
the core of which is the minicomputer, nor the software re-
quired for the controller to perform its functions. The mini-
computer is a standard general-purpose machine not specifi-
cally designed for communications use, and the software de-
scription would be too specific to a given system to beuseful
in a document of this nature,

The items described here are specified hardware items
manufactured by the Xustom Elecironics Cemnpany, but the
functions performed and the overall mode of operation are
typical of most digital communications equipment in use by
law enforcement agencies ot present. The descriptions are in-
cluded to provide a more d:tailed picture of how such a digi-
tal communications system operates.

1. The Mobile Digital Communications Terminal

The mobile communication terminal provides a means for
ressages to be transmitted and received in digital form, allows
automated direct data base inquiry and response, and permits
simple mobile unit status entry, update, and maintenance.

The main funciional components of the mobile terminal are
an alphanumeric keyboard, a solid-state alphanumeric display
panel, receive and transmit message memories (called buffers),
an internal power supply, and a specially designed modem
(modulator/demodulator) for interfacing the terminal o the
usér’s existing mobile radin.

Keyhoard and terminal operation

Messages to be transmitted from the mobile unit are enter-
ed by the operator into the mobile terminal using the alpha-

numeric Keyboard. Thirty-nine alphanumeric keys are pro-
vided (A-Z, 09, period, comma, slash). Messages entered in-
to the .erminal are displayed for the operator's verification;
editing is dome using the cursor controls (single space up,
down, left, or right shifts). The next character to be printed
appears in the position on the display indicated by the curser.

After message composition and any required editing, {rans-
mission is initiated when the operator presses the TRANSMIT
key.

A CLEAR/DISPLAY key allows the operator to clear any
messege no longer required to be displayed and to display a
new message received by the mobile terminal. Received mes-

.sages are not automatically displayed; the operator must re-

quest display of the received message by pressing the CLEAR/
DISPLAY key. An exception occurs when a received m-ssage
contains a remote action command from the base station con-
troller. Then the received message can be displayed, o1 auto-
matically duplicated, on the mobile printer; some other action,
such as sounding the vehicle’s horn, may occur. The message

* displayed on the mobile terminal will be duplicated on the
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mobile printer (if this option has been provided) when the
operator presses the PRINT key. Received messages may be
manually acknowledged by pressing the ACK key. Pressing
either the TRANSMIT or the ACK key places the mobile
terminal in an auto-transmit mode, and all operation of the
terminal s then auiomatic. The zuto-transmit mode permits
a message to be transmitted, automatically, up to five times
if the message is not acknowledped by the base station con-
troller within some prespecified time, typically 2 seconds.

Controls are provided for varying the keyboard lighting and
panel display intensity. A key-operated power switch prevents
unanthorized operation of the terminal, All messages received
by a mobile terminal contain information identifying single,
group or all-unit calls, The unit identification number is set by
inserting a hard-wired key into a slot in the rear of the termi-
nal, and two thumb-wheels are used to set the two-digit group
code, Only messages containing the proper group and unit
identiffers will be accepted by a mobile terminal and made
available “or display. Selective addressing is also possible for
outhounsd fmessages froma mobile terminal. Seven FUNCTION
keys, coded by the user, denote that the message which foliows
contains special iext, To perform a name check, for example,
the user presses the NAME CHECE. coded function key, enters



the name using a predefined format, and presses the TRANS-
MIT key.

Four STATUS keys are available, When the status cate-
gories have been coded, simply pressing any one of the
STATUS keys antomatically enters that status into the mobile
terminal, and then pressing the TRANSMIT key initiates its
transmission to the base station controlizr.

Pressing a double-size, two-position, mechanically locking
EMERGENCY key automatically places the terminal in “emer-
gency™ siatus. The terminal operator may enter any additional
data b desires and then, by pressing the TRANSMIT key,
send the emergency message to the base station controller.

Upon receipt of any correctly addressed message, the mobile
terminal verifies the message by parity checks over each
character, Only error-free messages are accepted and immedi-
ately acknowledged. An incoming error-free message is held in
a receive message buffer until the operator requests its display.
Dual buffering of input and output messages perrnits a message
to be received and held even while another message is being
entered using the keyboard.

Accepted messages are immediately and automatically
acknowledged by the mobile terminal; no manual action is
required, In some cases, the base station controller may issue a
command to a mobile terminal requesting only internal status
and conirol information. These interrogations are automati-
cally acknowledged and answered by the mobile ferminal,

Message and status display panel

The 256-character solid-state plasma panel display contains
8 lines, each with 32 characters. The upper seven lines provide
a 224-character display for transmitted and received message
texts, The eighth line presenis 32 characters of status informa-
tion, serving as a mobile unit status indicator. The status indi-
cator alse provides either a MESSAGE, TRANSMIT, or RE-
TRANSMIT indication, along with the indication F/Sxx.
MESSAGE indicates to the operator that a message has been
yeceived and accepted by the mobile terminal, is stored in the
receive message buffer, and is availgble for display andfor
printing. TRANSMIT indicates that the mobile terminal is in
the auto-transmit mode, while RETRANSMIT indicates that the
mobile terminal did not receive an acknowledgement within
the five transmission limit, and it is necessary for the operator
to press the TRANSMIT key again. F/Sxx indicates the pre-
sent numerical function and numerical status code of the
mobile terminal, which is automaticaily included as a part of
each message transmitted, Each character in the display is
0.20 in, wide by 0.28 in. high, in a panel viewing area 9.18 in.
wide by 3,38 in. high.

Message structure and internal modem

The character information code used for message trans-
mission is the 7-bit ASCII code. Only a subset of that code is
used, forming a 6-bit code with a seventh parity bit for each
character. Transmitted messages may contain up to 224 char-
acters of text, both unit and group codes, and control and
status information,

Essentially a functional duplicate of the base station encod-
erfdecoder, the specially designed modem in the mobile termi-
nal operates at a bit rate of either 1300 or 867 bits/sec, de-
pending on the frequency of the awdio carrier, which iz either
1950 or 1300 Hz. The modulation method used is synchronous
audio phase-shift keying (PSK) with absolute phase referenc-
ing, Synchronization is obtained by including a pilot-tone ref-
erence subcarrier on the audio signal.

Using a 1950 Hz audio carrier, with a bit rate of 1300 bits/
sec, a 224 character message requires approximately 1.5 sec
for transmission. At 867 bitsfsec, 2.25 sec would be required.
These times correspond, respectively, to effective data rates
of 1045 bits/sec or 149 characters/sec, and 700 bits/sec or
100 charactersfsec. Note that when the system operates at a
rate of 867 bits/sec, it violates the FCC two-second rule if a
224-character message is transmitted. A carrier sensing tech-
nique is used to test radio channel occupancy prior to trans-
missioft,

Mobile radio and power supply connections

A permanent interface cable is attached to the user’s mobile
radio, which provides the connections required to the avdio
portion of the mobile radio for data transmit and receive, as
well as transmit control and carrier sense connections to the
internal circuitry of the mobile radio. The interface cable is
field-matched to the characteristics of the particular mobile
radio, thus allowing any of the user’s mobile terminals to be
used in that vehicle, Connections to the automotive power
supply, which provides 12 volts DC, and negative ground are
also required; these leads are contained within the interface
cable. The unit weighs 17 Ib and has the following dimen-
sions: 10 3/16 H X 13 1/2 WX 9 7/8 D.

2. The Dispatcher Display Terminal

The dispatcher display terminal is used for controifing the
deployment of mobile units. It is an operator-controlled dis-
play terminal for transmitting and receiving information to and
from the base station controller, The terminal consists of a
detachable kevboard, a 12-in. (diagonal measurement) CRT
display, and a character generator, memory, programmable
inputfoutput processor unit,and power supply.



The unit displays the status of mobile units and other sys-
tem resources, and is used by the dispatcher for routing infor-
mation and dispatch messages to the operators of mobile units,
via the mobile terminals, The dispatcher may also retrieve de-
tailed status information for any mobile unit, and make inquir-
ies into local and remote data bases in a manner similar to that
of a mobile terminal.

Terminal operation

The terminal is operated in a dual-screen mode, and up to
nine fixed message formats are available to simplify data entry
operations. One of the formats simulates the operation of a
mobile terminal. The othe; eight are defined by the user, and
depend on the system applicatios,

A cursor is always visible on the CRT screen, indicating the
next character position to be entered or transmitted. The cur-
sor may be moved by entering a character, tabbing, or using
the cursor control keys. When the operator initiates a trans-
mission, the cursor will reposition itsell to the beginning of the
format area and move as the message is transmitted, until the
end of the format area is reached. A transmission request will
deliver information orly from the format area of the message
being sent, even if the cursor has been moved beyond the
boundary of that area to some other porion of the CRT
SCreen.

Control functions are used by the terminal operator to
specify the area of the screen to be worked in. After choosing
CONTROL A or CONTROL B, the cursor goes to the first
working position of the appropriate area.

Transmission from the terminal to the central processor of
the base station controller is initiated by pressing the EOM
(end of message) key, which causes all the text in the current
format area to be transmitted. The operator may abort any
operation at any time by pressing the ESC {(escape) key, which
clears the format area, displays the mobile terminal format,
and repositions the cursor,

Any message format in the system can be recalled by keying
Lx, where x is the number (I to 9) of the desired format.

A function request, obtained by typing Fx, where x is
the number of the desired function, allows the operator to
simulate mobile terminal operations. Text is entered exactly
as for a mobile terminal.

Status information is retrievable from a mobile terminal
which has been designated a command terminal, using func-
tion 7. General status information for all system resources, in-
cluding identification number and status code, can be obtained
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by keying ST. A 10-character area is reserved for the display of
the status of each system resource, including the unit 1D number
and its current numerical status, This information appears for
each mobile unit or other resource which is logged on the sys-
tem. Reverse video {white background with black letters) is
used to indicate available resources, and units on emergency
status having a blinking display,

Messages to be delivered to the dispatcher display termi-
nal by the terminal controller are held in a single queue, The
queue discipline is first-in, first-out (FIFO). The next message
to be displayed upon operator request is brought into the
area of the CRT screen in which the operator is working,

The presence of 2 message in the queue is indicated by a
“bell” tone, which repeats every 5 seconds as long as a mes-
sage is in the queune, The tone repeat time is modifiable.

All messages to be delivered are queued except those
which are responses to a request for general or detailed status,
Those responses are returned immediately to the current
working area, bypassing the message queue. Any input from
the CRT terminal which occurs between receipt of a status
request by the base station controller and its response is
ignored.

Specifications

Display size 12" diagonal

Display area Approximately 6 X 9™

Display format 25 lines of 80 characters eachi

Character size Approximately 0.1 X0.2”

Character set 224 displayable characters

32 control codes (displayed in
rrogram entry mode ‘only)

64 upper case ASCII set

32 lower case ASCII set (with
descenders shifted down two
scan lines)

D6 escape sequence control

codes (displayed as detensified
characters in program entry
mode only)

Upper case only 64 ASCIT set
switch selectable



Transmission rate 1,200 bits per second

Transmission mode Full duplex
Data transmission 10 bits asynchronous

8 bits synchronous (switch

selection)
Parity Even/non (asynchronous)
Qdd/non (synchronous)
Alarm Aundible “*bell” tone
Dimensions Display: 20" W X 15" H
X15"D
Keyboard: 20" WX 3 1/2" i
x10"D
Weight Display 251b
Keyboard 101b
Polling Address up to 95 terminals

{sequence as defined)

3. The Dispatcher Status Monitor Terminal

The status monitor terminal is physically identical to the
dispatcher display terminal, but the keyboard is not normally
used. The CRT screen alone is used as a monitor by the dis-
patcher, and displays, on-line, the general status of all mobile
units and other resources in the system.

General status information contains only each resource’s
number and numerical status. This information is updated
automatically by the base station coniroller. Reverse video
is used to indicate units available for assignment, and units on
emergency status are represented by a blinking status identifier.

Since the dispatcher display and the status monitor ter-
minals are identical, the status monitor can serve as a backup
for the other unit. The main value of the status monitor ter-
minal is that it continuously displays status information
sliminating the need for status recall by the dispatcher,

4, The Base Station Line Printer

The printer is used for logging and documentation, program-
ming assistance, and management information reporting.
Normally the printer is located adjacent to the dispatcher’s
display console. It will produce an original document plus up
to four carbon copies, and alternate character sets are available,

Specifications
Printing Rate:
Characters 100 characters per second
Lines 60 lines per minute

150 lines per minute (short lines)

Input data code 7-bit ABCII, plus parity

Standard sprocketed paper, pro-
duces up to four carbon copies

Paper requirem»nts

80 characters per line, 6 lines
per inch

Printing structure

Character set Full 64 ASCII characters

Dimensions 11" high, 20” deep, 20” wide
Weight 55 b

Audio alarm buzzer
Paper memory control (10 sec)

Standard features

5. The Mobile Terminal Line Printer

This optional attachment for the mobile terminal provides
a hard copy output of the text displayed on the mobile terminal.

The maobile printer is a solid-state, silent-head printing device.
Messages may be printed by remote control from the base
station, or the mohile terminal operator may press the PRINT
key on the terminal keyboard to obtain a copy of the text dis-
played. With remote control print, messages appear identical
to data messages containing ordinary texi. If the terminal
operator desires printed copy, no retransmissions are required,
since the printing is done directly from the terminal’s memory.

Specifications
Print Speed 3% lines per second,
16 characters per line
Print Time 4.5 seconds for a full 224~
character message
Dimensions 10” long, 6™ high, 5" wide
Mounting Adjacent to and below the mobile

terminal



Atlantic Research Corp.
5390 Cherokee Ave.
Alexandria, Va, 22314

Coded Communications Corp.

1620 Linda Vista Drive
San Marcos, Calif. 92069

Kustom Electronics
1010 W. Chestnut
Chanute, Kansas 66720

Matorola, Inc.
Schaumburg, Il

APPENDIX C

LIST OF MANUFACTURERS OF MOBILE
DIGITAL COMMUNICATIONS EQUIPMENT
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General Electric Co.
6350 LBJ Freeway, Suite 119A
Dallas, Texas 75240

Muirhead, Inc.
1101 Bristal Road
Mountainside, N. J. 07092

E — Systems, Inc,
P. 0. Box 6118
Garland, Texas 75222

Sunrise Electronics
P. 0. Box 163
Farmingdale, N. Y. 11735



APPENDIX D

HUNTINGTON BEACH POLICE DEPARTMENT COMPUTER-AIDED DISPATCH SYSTEM*

1.  Introduction

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

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

2. Computer-Aided Dispatch and Mobile Digital
Terminal System

Huntington Beach recently installed and placed in opera-
tion an advanced computer-aided dispatch (CAD) and mobile
digital terminal system. This system has proved highly satisfac-
tory in operation, and is described in some detail to acquaint
the planner with its characteristics and capabilities. A scenario
depicting the sequence of events and dispatch and status dis-
plays during an incident (in this case, an armed robbery) is pre-
sented to better illustrate the operational procedures of a CAD
system. A layout of the faciiity is shown in Figure D-1; Fig-
ures D-2 - D4 present details of the operator stations and
microfiche unit,

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

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

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

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

The HBPD has incorporated silent alarms into the CAD in a
unique manner. If a silent alarm sends a signal to the police
department, the computer sends a canned message of data and
advice to the units assigifed by the dispatcher. The Huntington
Beach Police Department has linked its silent alarm system to
the CADand to a microfiche file. Alarms show up immediately
on dispatcher consoles. In addition, the snicrofiche file con-
tains location, interior and exterjor layouts, aerial photos, loca-
tions of protection devices, and highway blockade positions
of each alarmed site. A dispatcher can study the fiche display
and guide a patrolman via portable radio to a particular loca-
tion (see Figure D-4).

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

Operational data are captured by Huntington Beach for
management reporting purposes, Currently, the daily logs of

*We wish to extend our appreciation to the personnel of the Huntington Beach Police Department for their assistanc: and cooperation in preparing

this Appendix on computer-aided dispatch,



incidents are typed out automatically by the computer; how-
ever, detailed management reporting will not be placed in
operation for about a year.

3. Radio System

The HBPD recently installed a UHF radio system consistent
with the county-wide police radio plan (Orange County). The
county allocates the frequencies for all police departments in
accordance with a master frequency allocation plan. The police
channels are in the 455 - 460 MHz range.

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

One base station transmitter site is connected by land line
to the command center. No satellite receivers or microwave
links are employed. Five portable sadios are used per shift,

4, Example of a Computer-Aided Dispatch

An example of a computer-aided dispatch was conducted
by the HBPD to demonsirate the operational procedures they
have developed to utilize this new capability, and to illustrate
the sequence of CRT displays and formats used by the com-
plaint board operator and dispatcher in handling the incident.
The CRT displays are perhaps the most important feature of a
computer-aided dispatch systern because the operators enter
and receive all necessary information from these displays;
cards, status boards, conveyor belis, and other traditional dis-
patching aids are eliminated. All activity now focuses on the
CRT displays.

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

The process 'of entering all data into the computer system
via keyboards gives the CAD system a major advantage in that
data relating to all incidents and field force vperations (activi-
ties, times, allocations of forces, incideit rates, and locational
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patterns) can be processed automatically by the computer and
printed in convenient reports for use by operations and man-
agement personnel, Ultimately, CAD should contribute to
more efficient use of manpower and mobile forces, enhanced
officer safety, reduced workload on operations personnel, and
better management reporting because of reduced clerical work-
load and time invalved in statistical report preparation.
The degree of the advantages offered by CAD systems has
not been established because of the newness of the innovation,
but the potential is evident,

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

(1) Recording incident response times

(2) Entering file numbers

(3) Typing radio logs

(4) Updating unit status

{5) Recording unit status

(6) Entering complaint information

{7) Transferring complaint data to dispatcher

(8) Sorting incidents by area and priority

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

Table D-1. HBPD Channal Assignments

Channal Base Frequency,
Name | Number Use MHz

Green 1 Local voice channal (dispatch- | Duplex, 460.1
ing plus digital status)

Orange 2 Tactical frequency linking Duplex, 460.4
other departments ir, that 460.2
part of Oranga County

Blue 1 1 County: data file (provides Duplex, 4605 _
link to state data files
through CLETS)

White 1 Loca) car-to-car without Simptex, 4653
repeater

Red 1 County: broadpast Dupiex, 460.025

1 Digital {to teleprinter) Simplex, 512.65-




For these functions, CAD is estimated to require 550 man
hours per year versus nearly 4000 man hours per year for the
old manual system,

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

The sample computer-aided dispatch described in Fig-
ure D-7 < rulates an armed robbery. The scenario focuses
on the procedures used by the operations personnel in
dispatching and controlling mobile units assigned to the
incident.

In the command center, the complaint operator has one
keyboard and display for entering the citizen’s call for service.
The dispatcher has a keyboard and two displays and operates
a radio console. One display shows the status of the patrol
fleet, the other has variable formats for incident sumnmaries,
and incident disposition and other special reports,

In Figure 7, column 1 deseribes the events in the robbery
and column 2 the complaint writer’s activities. Column 3
shows the changes in the incident display screen as the event
takes place. Column 4 describes the dispatcher’s activities, and
columns 5 and 6 show the dispatcher’s status and incident
screens. The manner in which information is entered and
retrieved from the display screens by the operations personnel
is clearly demonstrated by this scenario.
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COMPLAINT DISPATCH DISPATCH COMPLAINT
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Fig. D-1. Huntington Beach Police redio systam
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Fig. D-2. The HBPD command and contrel console

COMPLAINT CLERK

DISPATCHER

Fig. D-4. Microfiche data file
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Fig. D-3. Console layout
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EMERGENCY DISPATCHER CALL CAR
BUTTON
VEHICLE STOP

PERSON CHECK

ACKNOWLEDGE LITE
KEY

1y

w
N EEEEw
B, e pes——

FREQUENCY PRINTER STATUS
SELECTION AVAILABLE
BUTTONS ENROUTE
AT SCENE
INVESTIGATING
TOSTATION
Fig. D5 MODAT motule digital terminal installation
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a. Complaint Entry Display

Lines 2-5 are used for detailed information fill-
in by the operator and become part ol the
permanent computer record, which Is autc
matically transmitted to and displayed on the
dispatcher’s incident CRT. Lines 6-9 and 10-13
are duplicate complaint entry formats, Lines
14-24 indicate the complaints, in order

received, entered into the system. This informa-

tion is duplicated at the dispatcher’s incident
CRT.

b. Status Display

Car numbers (corresponding to car types)
displayed under appropriate headings of AVAIL
ABLE, ENROUTE, AT SCENE, INVESTI
GATING, RETURNING TO STATION, OUT.
I'tas information is entered directly frc the
vehicle via the MODAT mobile data system
Where applicable, the case number to which a
vehicle has been assigned is displayed next to
the vehicle. The upper right-hand corner dis
plays the backlog of unassigned incidents per

beat. Line 2 shows unit 3A2 requesting a car

stop check. Line 3 indicates that 314 has not

been .awu,md to a mobile unit in the computer
files. Line 4 indicates which mobile units are
transmitting emergency messages. Line 5 shows
other cars transmitting messages. Line 6 is the
automatic ID number which appears whenever
a mobile unit uses voice-radio.

c. Dispatcher Incident Display

A computer-assigned incident number appears
on Line 2 as well as time received, nearest street
(if applicable), Apt. No., reporting district, Fire
Box No., and Beat No. Lines 3-5 indicate the
|
ing the incident, the unit(s) assigned to the inci
dent, and the type, code, priority code, and
description of the incident. Lines 10-12 indi

name and phone number of the person report

cate assigned but unresolved incidents, with the

incident code on Line 9. The bottom portion ol

the screen displays an abbruviated version of
the top portion of the screen: unassigned
dents, type code, time received, address, inter-

sect street, reporting district.

Fig. D-6.
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Fig. D-7. Armed robbery
incident handled by
computer-aided dispatch

FOLDOU

EVENTS LOG

At 9:00 a,m,, January 10, 1975, two men enter
3 house at 2003 Main St., threaten occupant
with a handgun, and take color TV.

'I At 9:11 a.m., neighbor calls police complaint
writer and says robbery in progress.

COMPLAINT WRITE

ACTIONS

BURROUGHS 2500 TRANSACTIONS

4 Verifies address, provides cross streets,
reporting districts, and beat and gives arrest
warrant, emergency medical, gun registrant,
narcotic registrant, and sex registrant informa-
tion at that location on complaint writer’s
screen, The response usually returns within
6 sec, so that the complaint writer can ask the
informant for additional data if the computer
reports the address as invalid.

Patrolmen in cars 2C3, 2653, 2A3 respond to
call,

9 Patrolmen send digital “‘enroute’ messages to
dispatcher.

PCENTNG PAGE BLANK NOT FILMEQ

2 Immediately puts call on microphone to
dispatcher. She keys address of incident into
her display, then transmits it to Burroughs 2500
computer for address verification, She continues
to key in informant’s name, address, phone
number, and case description; transmits case 10
dispaicher. She asks informant to remain on
line. Informant provides her with description of
suspects (Screen A),

5 Case reappears, showing cross streets, Other
files negative. Complaint operator transmits to
dispatcher (Screen B).
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Alerts all cars by voice to robbery in progress at
2003 Main St.

Case appears on dispatcher’s incident screen
{Screen C).

7 Assigns 2C3, 2653, and 2A3 to this case,
Priority 2 i\Screen D). She transmits assignment
to teleorinters in all cars (see below), The
printers ratype the case with suspects’ descrip-
tions, The incident screen shows that the
assignments have been received and acknowl-
edged (Screen E), She also acknowledges the
“enroute” message, at which time the PDP
11/20 changes the status screen for these
cars from ""available’” to “enroute,” with the
case number 030 by each car (Screen F).

CAR TELEPRINTER MESSAGE SENT
BY DISPATCHER TO PATROLMAN

099. CS.030 OF:2 -2

¢

0T ASSIGNER

M1TH, JAMES PR
PR REPORTS - ARMED ROBBERY

'

eL P TIME
030 211 -2 09:1) 5
029 P/C -3 09:07 713 . MAIN
. .

CA 030 UNITS ASSIGNED: ALL

INCIDENT DI




DISPATCHER

INCIDENT DISPLAY

STATUS DISPLAY

C .
HOT ASSIGNED
030 09;11° 2003  MAIN
IS MANSTON € GOLDEN W
"INF:SMITH, JAMES B.

APT,

ASGH: - .
ADD: 2005 MAIN

D P RD 421 ST 57 BT.06

PH:714-531-4286

211 PR:? REPORTS ARMED™ROBBERY [N PROGRESS NOW.' TWO MALES OBSERVED ™

027+ 023

Toa TIPE P TIME
030 211 42 09:11 200
029 P/C -3 09:07

[]

028 030

; $TTYPE P OTIME

.

-I'NTERSECT ST- APT= RD= SI.BT D ---5F---

029 P/C -3 09:07 /7)3 MAIN -

E ; s

Tm oL
030:09:11 2003 MAIH
IS MANSION € GOLDEN W

SINFISMITH, JAMES B.

T ZVEPR: REPORTS

- _APT
ASGN: ALL - 2A3
- ADD:2005 MAIN

\

-821-57-05 P
-461- 06 P

\ .o

- ADDRESS==----- - INTERSECT ST-*APT= RD# ST BT D ---SF---

-461- -06 P

D P RD 421 ST 57 BT 06
- 23 - 2653 -
PH:714-531-4286

RMED ROBBERY [N PROGRESS NOW. TWO MALES “DBSERVED.

)

TIME ADDRESS----=-~ -INTERSECT ST- APT= RD= ST BY D ---5F

19:11 2003 MA

»

-421-57-06 1
-4p1-  -OR ¥

STATUS. CHANGED

UNIT ON RADIO= -

AVAILABL
5C1
9C)

13A1

2131

.BT-2 3 4 5 6 7 8-910
BK- 1 ? .

BT-11 12 13 187)5716 17 18 19 22
BK- (1.1}

INVESTIGATE TO STA' OUT..
2A3/030 k(o] - e ALL
2C3/030 3781 SED
2653/030 . i

913517000 ' DESK
c75M1
HENRY -
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COMPLAINT WRITER
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2
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At 9:14 a.m., the informant tells the complaint
writer that the robbers are leaving the house
and entering a car, She says she’s going over to
help her neighbors and hangs up. Car 2A3
arrives at scene; sees two men [eave scene in
blue 1972 Chevrolet sedan, with large bax in
rear seat, Patrolman reports to dispatcher that
he

a. Arrived at scene (digital message}

b. Sees suspects and car leaving scene head-

ing northward {voice message}

He decides to pursue vehicle end by vaice
raquests other cars to assist him.

Units 2C3, 2653 arrive at scene to interview
vietim and send ‘st scene® digital message. -

Units 2A3, 2683 stop suspects’ car at intersec-
tion of Beach Blvd. and San Diego Freaway.
2A3 sends digital message *request vehicle
stop” to dispateher and gives vehicle license
number to dispatcher,

Patrolman in 2A32 finds TV set in car,
He arrests suspects and retusns to
station to beok them.

Patrolman in 2653 calls dispatcher’ for a tow
truck; makes a Stolen Praperty Ruport on TV
set, makes Vehicle iImpound Report; waits for
tow truck; then returns TV to owner, ’

Tow truck arrives. Patrolman in 2653 has

driver sign Vehicle Impound Report; gives him
a‘copy, 2A3 sands a digital message **to station,”
when he arrives at station,

20C3, 2653 compleate victim interview and return
to patrol. Each sends “available® status
message,

ACTIONS

]

Transfers informant’s latest information to
dispatcher by vaice,

2

e
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ACTIONS

STATUS DIS

FOLDOUT FRAME ——

1 Dispatcher enters new information. Sends
digital message to all cars: ““Two suspects in
1972 blue Chevrolet sedan observed leaving
2003 Main St., north-bound.” The dispatcher
contacts Orange County Communications by
voice land line, The Orange County operator
alerts the Sheriff and local police forces in
jurisdictions adjacent to Huntington Bearh by
voice radio (red frequency) (Screen G).

"4 Dispatcher acknowledges ‘“at scene’ message.
Status display now shows 2A 3, 2C3, and
26S3 "at scene'’ (Screen H).

]6 PDP 11/20 brings up “stolen vehicle systern”
format, Sends teletype to CLETS. Return

shows vehicle not stolen (Screen |).

4 'I Dispatcher calls tow truck to meet 2653 at

Beach Blvd, and San Diego Freeway,

2 2 “To station' and “available’ status messages
appear on screen (Screen J).




DISPATCHER

STATUS DISPLAY A

INCIDENT DISPLAY

ASSIGNED DR:
030 09:11 2003 MAIN
S MANSION € GREDEN W

. ~APT 0 P RD 421 ST 57 BT 06
ASGN: * ALL - 2A3 -, 2C3 - 2653 -

NF:SMITH, JAMES™R. ADD:2005 MAIN PH:714-531-4286
11 PR:2 REPORTS ARMED + Y IN PROGRESS NOW._ TWD MALES OBSERVID. 2 SUSPECTS
ORTH BOUND ON MAIN IN 72 BLUE CHEV SEDAN WITH TV SET-IN CAR.

"

128 030

2" TYPE P TIME ~ADDRESS ===~~~ - INTERSECT SL- APT= RDs= ST BT D ---jFf--- *
129 P/C <3 09:07 MAIN -461- -06 P .
)31 B/C -3 09:24 9871 VICKSBERG -446- -03 P

7AQ -
30HB 1A

QV CAD301000 LIC/ABC 123- LIS/ CA
LOCATION: BEACH/SAN DIEGO FRYWAY

079 030 033

- .

== ADDRESSameeocn SINTERSEELT & ROF SY BT D coobFare

-= TYPE P TIML
031 P/C -3 09: 78 1 VICESBERG -9 8 -446- <05 1
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STATUS CHANGED

UNIT ON.RADIO

AVAILAGLL. ... UNROMTL. . AT SCINL.
5CH ' 2037030
13A1 (2637030
21311 5 BN 4030

HI- 7 1 4 4% 6 7 8 910
- 1 2

RT-10 0 14 14 15 16 17 12 19 2!
1} 3 ]

1T LA STA ot

il
ul

EOLD%& D

STATUS CHANGED

‘.

9C /!

UNIT 0% RADIO

3C1 24311

AT SCENE

213117000

BT-2 3 4 5 6 7 H 910
Br - 1 il

BI-11 12 13 1@ 15 16 17 1K 19 77
Br- 00

INVESTIGATE 10 STA OUT..

k) 4 2A3 ALL
10 SED

3751 e

911351 DESK

C75M)

HE NRY
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EVENTS LOG COMPLAINT WRITER : 1
ACTIONS INCIDENT DISPLi
2 3 2A3 dictates Arrest Report in station house ta 1
transcribing section. The transcriber enters } 1
report from her keyboard in the format shown j

on the dispatcher incident screen,

:
|
|
i
|
,i
4
|
j‘
|

-
j
i

2 5 2A3 returns to street; sends digital *’avallable’ j
message. . 1

:

Cd

~ 3 %

v §

¢OLDOUT FRAMY | |
.:.‘{%—2_ . i
ORIGINAT, PAGE IS | - | 61 | }
" OF POOR QUALITY | | KOl



a7
ety 1
e e

| g;k DISPATCHER
2 3
DISPLAY L.——{}%’ ACTIONS DISPLAY INCIDENT

24 Blank (Screen K) and completed screens for
case clearance report for entry into police
data file in Burroughs 2500 computer
(Screen L),

TYet P oTIME ADDRESS-+-==-- ;-INTERSECY ST- APTs RDs ST

o -

' CASE 03
L 60 EO0O) WY2 V27213130 P F- 300 R F 300 M

-
7

/

/

-s-- -INTERSECT ST- APTz RD= SJ

v

2 6 All three cars assigned to case 30, 2A3, 2C3,
and 26S3, again available for assignment as
shown on status screen (Screen M),

HULDOUR FRAMM -~




DISPATCHER

LAY INCIDENT

STATUS DISPLAY

CASE 030

Al
----- - INTERSECT ST- APT= RD= ST BT D ---SF---

<

KEY TO CASE CLEARANCE
REPORT SCREEN

7400101
02100

3 22
60

o

12

27213130

F300

F300

N

Permanent file case number
Classification (first-degree
robbery)

Theft

Daytime (Wed., 2200 hr)
Location (code for single-
family residence)

Entry (code for front door)
Weapon (automatic)
Vehicle (2, suspect
vehicle; 72, year of vehicle;
13, code for Chevrolet; 1,
code for sedan; 30, code
for blue)

Property (F, code for TV;
300, approximate valuz in
$)

Property recoveared

Modus operandi

Research field

Clearance (2 indicates case
cleared by arrest of adult)

AVAILABLE.

FLE]
2C3
5C
AN
2653

21311
91351,

UNIT ON RADIO

f

BT- &
BK-

BT-i1 1z 13 18 1516 17 1}

BK~

INVESTIGATE - 10,
31
9}

-y

Skl e et
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APPENDIX E

RESULTS OF A FIELD TEST OF SEVERAL
MOBILE DIGITAL TERMINALS

A field testing program was conducted in mid-1974 by one
agency considering the introduction of MDTs in its patrol
fleet. Results of this test program are summarized in this ap-
pendix to illustrate the accuracy of transmissions achieved in
an urban area of varied communications environment, and to
point out several operational features of the equipment that
the field officers found particularly helpful (or objectionable).
All tests were conducted using existing base stations with ter-
minals provided by equipment manufacturers.

1. Accuracy Test Results

The results of the transmission accuracy tests are summa-
rized in Figure E-1. Data are shown for four significant cate-
gories of results for both mobile-to-base and base-to-mobile
transmissions. The first category indicates the overall percent-
age of test locations at which totally successful message recep-
tion occurred (i.e., one error-free, full-screen message received
for each full-screen message transmitted). Category two shows
the percentage of locations at which totally successful mes-
sages were received, but which required multiple transmissions,
including: (1) re-transmission due to the receiver’s failure to
accept the message (low signal-to-noise, high error content,
etc.), and (2) failure of the receiver’s message-acknowledge
signal to reach the transmitting terminal, The multiple trans-
missions require increased transmitter ON time per message.
The third category presents the percentage of test locations at
which messages containing errors were received; of the 55
error messages received, 31 were displayed as detected errors.
The remaining category is the percentage of locations at which
no full-screen message was received during the transmit cycle,

Of the 802 mobile-to-base and 833 base-to-mobile tests,-
full-screen message transmissions were accomplished success-
fully for 93.8 and 93.7 percent of the attempts, respectively,
Approximately one-half of the error messages can be con-
sidered useful because of the high ratio of correct data to
detected errors. Generally, the test results represent worst
case conditions; with upgraded communications links, opera-
tional results should equal or exceed those observed during
the test program.

Equipment features found to be helpful (or objectionable)
are discussed in the following section.

PRECEDING PAGRE BLANK NOT FILMED

2. Human/Operational Factors

The following comments were made regarding-the opera-
tional features of the equipments tested.

Screen

The eight-line screen is a good feaiure, allowing officers to
view an incoming message in its entirety. The large screen,
however, increases the physical size of the MDT, aggravating
the existing seat space problem. The placement of the larger
terminal on the vehicle floorboard center hump restricts both
driver and passenger mobility and access to the shotgun,

One-line screens provide relatively compact size and allow
field officers access to the shotgun and radio equipment more
easily, but present other problems. Primarily, it is difficult to
determine if an incoming message is one or eight lines in
length, An incoming eight-line messag: must be called up one
line at a time by paging forward or backward. This is both
time-consiming and awkward for field officers. In addition,
when inputting information on the screen, officers experience
difficulty in determining what line they are on at anv given
time.

A problem experienced by all terminals tested was screen
washout during daylight. The keyboards {white and black
keys) were glossy, resulting in light reflecting directly on the
screen, One terminal equipped with a sunshade protector did
not reduce the giare. During night uperations the adjustable
keyboard illuminator reflected off the keys and made them
difficult to read.

Keyboard

The keys on the terminals were too small and too compact,
often causing officers to strike two keys at the same time.
The keys on one terminal were larger but even more compact,
causing the same problem; this was alleviated to some extent
by the terminal’s deep concave wells. Its rows of keys were
arranged in a stairstep design, also helping to minimize the
problem.



Requiring two keys instead of one to call up a message is
not a desirable feature.

Mounting Adjustiments

None of the terminals tested provided the flexibility of
adjustment to accommodate optimum screen viewing and key-
board access for both a one- and two-officer car operation,

Message Send/Receive

Terminals restricting field units to 64-character messages
pose problems. To run a suspect for wants or warrants, the
limited message length would require officers to send two
transmissions instead of one,

The audible tone indicating that an incoming message has
been received, and the word “message” displayed on the

eor 96,0
- 93,8
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§
T § 75,8 //
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g % g / TEST LOCATIONS WHERE EACH
> ; / MESSAGE TRANSMITTED WAS
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Fig, E-1. MDT test rasults

bottom line informing the officer that he has an incoming

" message in his buffer are likeable features. Terminals that

place the incoming message directly on the screen, wiping
out the existing display, are disruptive and present a privacy
problem in that the officer may be out of his vehicle at the
time. If a terminal emits a retransmit tone when a message has
been transmitted and not received by the base station, the
tone could be distractive if it cannot be turned off except by
power disconnect.

An automatic two-minute time-out feature that prevents a
message from being continuously displayed, and requires a
message being composed to be completed in less than two
minutes is not desirable. Although the message can be re-
called, it is disruptive to the officer. Also, when a message is
beizg composed and has reached the last character, the term-
ina! cannot go automatically to the next line. If the operator
does nct tab to the next line, the next character will type
over the previously composed line.

An inability to clear the screeri of the last message received
from the base station is not desirable,

In some cases, indicator lights on the keyboard were not
visible in the daytime.

Input Error Corrections

The full-cursor control capability on ihe large screen term.
inal (single space up, down, left, or right shifts) is a convenient
feature. The cursor is easily identifiable and appears in the
position of the next character to be composed. Without a cur-
sor, all the displayed characters must be moved left or right,
aligning the character to be corrected at the last character
position.

Safety Padding of MDT

Not ali terminals provide safety padding and rounded cor-
ners to protect an officer from injury in case of a traffic
accident.



APPENDIX F
PORTABLE DIGITAL TERMINALS

In-car mobile digital terminals have been sufficiently
successful to stimulate interest in hand-held battery-powered
terminals to be carried by patrolmen not traveling in cars.
These terminals would give patrolmen the same freedom with
digital communications that their portable voice transceivers
now give them with voice communications. The terminals
would pgive direct access to information stored in law-
enforcement data banks.

The Metropolitan Police Department of Washingtcn,
D.C., plans to test two portable digital terminal designs
during the summer of 1975, emphasizing primarily the direct
data file inquiry capability. Few details are available,.but
the following data were provided. One terminal, produced by
Electromagnetic Science Corp. of Chambree, Georgia, has a
16-character plasma display and 20 keys, and can store
messages of 64 characters. It will be approximately 3% x
8% x 1% inches in size, and will transmit digital messages
over the GE PR-25 radio, which will also supply its power.
The digital keyboard features multifunctional keys, as shown
in Figure F-1. To run an inquiry on license number 824CNS,
the officer transmits the following sequence:

O 0 6
@ ROLL ROLL ROLL @ ROLL
ROLL @ ROLL INQUIRY

For out-of-state plates, he enters a two-letter state code
before pressuig “Inquiry.”

65

Keyboard functions are controlled by software, and,
by changing the programming, different functions can be
assigned to the individual keys.

The Burroughs Corporation of Paoli, Pennsylvania, will
produce a second type of portable terminal for the Metro-
politan Police Department evaluation, This terminal will have
a 32-character display and 42 keys; it can store messages of
32 characters. Its dimensions are approximately 9 X 5 x
2% inches. It contains its own power supply but transmits
via the GE PR-25 portable radio. The keyboard includes
one key for each of the 26 letters and 10 digits, as well as
function keys for: Backspace, Space (2), Transmit, Acknowl-
edge, Clear, Shift, and Display {Turn onfoff). It also has
four light indicators.

To send an inquiry on license number 824CNS, the
patrolman transmits the following sequence:

OOOOOOO

Both vendors anticipate that size reductions can be
achieved in production runs of 1000 or more, and that unit
costs will be considerably less than those of in-car terminals.

TRANSMIT

Portable terminals might find their way into police cars
as replacements for the larger MDTs. They are smaller, and
have the advantage that a single radio unit could replace
combined units now in use: in-car voice radio, in-car MDT,
and the voice portable radio.

Computer Science Corp. has been contracted to evaluate
this program. Its findings will not be available before 1976.
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Fig. F¥-1, Digital keyboard for EMS portable tadio
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