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EI\JGII\JEEF—'!ING EXPERIMENT STATION

GEORGIA INSTITUTE OF TECHNOLOGY e ATLANTA, GEORGIA 30332
14 May 1973

City of Savannah
City Hall
Savannah, Georgia

Attn: Mr, William Graham

Subj: Monthly Progress Report No. 3, covering period
1 April to 1 May 1973, Project A-1505, Contract
File 5002.60, "City of Savannah Public Safety
Communication System"

Gentlemen:

During May, a study was made of the operational advantages of digital
radio dispatch systems. The advantages include security of information,
decreased redundancy (requests to repeat messages), direct computer access
to files such as vehicle registration, and compatibility with a computer
aided dispatch system. A properly designed digital radio system would
reduce the time of response to emergency calls by reducing the delay be-
tween incoming call and subsequent dispatch and by increasing the speed
of response of the patrol car officer. The factors which reduce the total
delay include:

1. Keyboard initiation of the complaint record, with direct entry
into a computer and with cathode ray tube display, remotely if
required,

2, Computer activated status display, which can be reviewed for
accuracy by direct digital query from cars. A frequent voice
message is '"What is my status?" This would be replaced with a
single push-button switch. The high error found in present
status map displays would be greatly reduced through better
automation.

3. High speed address verification, if required, by search of a
computer-filed city street directory.

4, Push-buttons for often used code messages, and keyboard generated
additional information.

5. Printed message terminals in patrol cars. Misunderstood voice
messages would be avoided.
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systems. Based on these conclusions, present and future conceptual

communication system designs were developed.

Major Findings

Major findings of the study were as follows:

1. There is a need for improved coordination among public safety
agencies in Metropolitan Savannah.

2. The Savannah Police Department plans to implement a computer
interface with the Georgia law enforcement network, and this
will require a minicomputer at Police Headquarters.

3. The present Police Department antenna is not high enough to
provide acceptable signal quality throughout Chatham County.

4. The present Public Works Department radio equipment is old
and in frequent need of repair.

5. The Public Works Department dispatch function is fragmented,
with each section of the Department dispatching by remote
station control of a single base station. This mode of
operation does not permit close departmental command and
control of vehicles, field forces, or the dispatch operation.

6. The Fire Department radio system was found to be adequate.

Major Recommendations

A centralized or coordinated emergency communication center is re-
commended for Metro Savannah. It would greatly enhance coordinated pub-
lic safety responses throughout the city and county. The recommendations
detailed in this summzry are for present jurisdictional conditions and
for present City buildings and sites. To overcome deficiencies in coordi-
nation in the present systems, extension of the present telephone network
of automatic private lines, to interconnect all City, County, State and
public utility company emergency dispatch centers in Metro Savannah, is
recommended .

Recommendations for the Police Department and the Public Works

Department communication systems are:

Police Department

1. Twelve dispatch channels, six transmit and six receive.
2. 8Six consoles,

3. A minicomputer for dispatch aid and interface with the State
criminal justice information system.






Status map type displays for dispatchers, showing the location
and status of all vehicles of the Department.

Pocket pagers for supervisors and off-duty standby personnel.

Personal portables for nighttime crews, to back up vehicular
radics, and for other special tasks.
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3. Public Works: Assemble work crews; optimize cost/effective
response; coordinate with responses of publie utility companies.

4. Health Services: Optimize response time depending on nature
of emergency; assemble or alert emergency staffs; optimize cost/
effective use of health resources.

5. Civil Defense: Coordinate activities of all emergency agencies
in response to enemy attack or widespread disaster.

The most fundamental objectives of agency emergency systems will be
related to minimizing the time required to respond to emergencies. These
objectives should be stated as criteria which include the time required

to dispatch vehicles. The criteria that are suggested for Savannah's pub-

lic safety departments are:

1. Police Department: The patrol car which is available for duty
and which is nearest the scene of a complaint will be dispatched
within one minute after a citizen has completed dialing the
police emergency number.,

2. Fire Department: The appropriate fire station equipment will be
dispatched within one minute after a citizen has dialed the fire
emergency number, or an alarm is received.

3. Public Works Department: Dispatch of emergency standby crews
will be completed within thirty minutes. Day shift dispatch
and offshift alerting of operators of equipment used to help
in rescue operations will be accomplished within five minutes.

These criteria should be adjusted tc reflect reasonable and real-

izable response times, and should then be used as measures of emergency

dispatch performance.
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Figure 2. Savannah's Emergency Dispatch Systems.







inputs (nature of emergencies) and outputs (nature of responses) are
different for different agencies. This apparent similarity in functions
has even led some local governments to adopt a single radio system for
all agencies in an attempt to save money; but such a consolidation has
been found to have the disadvantage that it reduces the effectiveness of
individual agency responses.

The reason for the loss of effectiveness when agency systems are
consolidated is that, in addition to the differences in inputs and out-
puts, there are internal differences in the structure of corresponding
functions. These differences in structure of corresponding functions
are caused by the dissimilar goals of different systems.

The purpose of this chapter is to discuss the internal structure
and some of the functions of agency dispatch systems, and to point up

major differences in corresponding functions.

3.1 Agency Goals and Objectives

The differences between the command and control functions (goals)
of communication systems are recognized by agency managers. This can
be illustrated by a hypothetical Fire Department Chief who, speaking
against the concept of a single emergency telephone number, might say:

"Incoming fire calls should go directly to the fire dispatcher,

without the added delay of a telephone operator. It may be that
speed of response to a reported crime is of less importance than
speed of response to a fire. Because of the rapid rise of temp-
erature and the rapid spread of conflagration during the first
seconds, a fire is a rapidly developing emergency which will grow
unchecked until the fire fighters go into action, On the other
hand the usual police emergency is finished, the crime has been
committed, and the criminal has left the scene before the police
are even notified."”

Such a view,of course, ignores the strong functional dependence of
crime clearance rates on speed of police response, but it does point out
a difference in the characteristics of the required responses of the two
agencies. Different response requirements such as these would be em-

bodied as different command and management functions (goals) that would

10













changes in communication system goals and designs. The functional struc-
ture of records will be different in different agencies, reflecting the

differences in goals and objectives.

3.3 Analysis of Inputs

The calls for emergency response have to be ahalyzed to determine
the '"what, where, who and when'" of the emergency, so that the proper re-
sponse can be dispatched. This function is separate from the dispatch
function in some agencies; in others the two functions are combined. The
output of the analysis function is a record of the analysis performed; it
also includes the identification of the person who has received and ana-

lyzed the request for emergency response.

3.4 Dispatch

The record of analysis of incoming calls is the input to the dis-
patch function, which will include selection of the appropriate response
force element, verification of its availability and transmittal of in-
formation about the emergency. The latter will include as a minimum the
'what and where' from the record made of the incoming call, and other
information necessary for the response function. The dispatch function
will include the completion of the recoxd, by the addition of times of
dispatch, arrival of response force, and completion of the respomnse.
Other information added to the record, as part of the dispatch function,
will be a record identifying code, the type of response dispatched, the

unit dispatched, and the disratcher identification.

3.5 Response

The function of response will be to answer the requests for emer-
gency assistance, as conveyed by the dispatch function. The structure
of the response function, as a part of the emergency communication system,
will accommodate the exchange of information with the dispatch function,

and the generation of records of response actions.
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. Calm, even temperament.

Analytical ability.

Training in procedures,

. Motivation to serve the public in a courteous manner.

N n BwN

. Ability to elicit information from the caller.

4.3 Dispatch

The personnel who perform the dispatch functions will require,
in addition to the characteristics and abilities listed for contact
personnel, knowledge of the functions, tasks, and dangers of the re-
sponse force. Dispatcher training should aim at making every dispatcher
able to effectively utilize an appropriate array of telecommunications

equipment,

4.4 Response

The operational requirements for response, viewed in Figure 3 as
a function of the communication system, are covered in broad terms by
the listings for contact personnel and dispatcher. Training courses
should aim at making each individual in the response force expert in
the use of vehicular and personal portable communication equipment.
Because every situation encountered may be different, the individual
can be expected to seek information from the system to aid in analysis
and decision. The training should therefore also include a thorough

familiarization with the communication system as an information resource.

4.5 Records

Several record functions shown in Figure 3 can be differentiated.
The record generated by the agency contact person is a source of in-
formation for the dispatcher. The history of actions performed by the
dispatcher in responsec to the information conveyed from the contact per-
son is added to the record. The actions of the response force, as re-
ported to the dispatcher, are also entered; and the record ultimately goes

to storage, to be joined by the record of the response as written by the
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response force., From storage the records are available for management
and control of the agency, and for utilization by other systems.

The functional requirements of the records include:

1. High information capacity,
2., Fast information transfer,
3. Accuracy.

4., Durability.

5. Controllability,

6. Security,

4.6 Storage

The functional requirements for records and information storage files

are the same as those listed for records.

4.7 Command and Management

The functions of command and management of the communication system
are exercised by the control of goals and objectives which in turn modify
the system controllable constraints shown in Figure 3. The requirements

of the management function include knowledge about:

1. The communication system capabilities and limitations.

2. The adaptations possible to the system, and the incremental cost/
effectiveness (positive or negative) inherent in the adaptations.

3. Tradeoff benefits.

4., The effects of changes in goals and objectives--how policy
decisions affect the internal, controllable constraints of the
system, and how the adjustments of constraints affect the
structure and functions of the system.

5. Interagency coordination procedures.

4.8 System Constraints

The needs of the agencies vary with time; this means that the communi-

cation system should be adaptable to changes in goals and objectives. On

17



the other hand, the overall response requirement for speed and precision
demands a system that is stable, and abrupt or drastic changes in goals

sometimes cause instagbilities. The controllable internal constraints can

be viewed as functions which allow the system to be adjusted. The equip-
ment constraints include both those that are '"built-in' by the design of
the system, and environmental limitations which will be physical, legal,
political, etc. The equipment constraints constitute hard limits on
system performance. An aim of the designer is to minimize equipment
constraints and maximize controllable constraints in order to have a
flexible system. Both the controllable and the equipment constraints
need to be understood by the system users and managers.

The equipment constraints that are built into the system when it is
designed result from the interactions of a number of design factors which

include:

1. FCC rules and regulations.
2. State, local, and Federal laws.
3. Cost factors (budgetary allowances).

4. Sizing factors (service population and area, response force size,
volume and time distribution of message traffic, etc.).

5. Interference from other radio systems, and electromagnetic noise.

6. System reliability.

The system characteristics that result when the system is designed
and built include equipment constraints that have one-to-one correspondence
with the design factors listed agbove.
The equipment constraints include:
1. Licensed frequencies, powers, antenna heights, locations, and
types of emission.

2., Fnabling acts, intergovernment rulings, tower permits, judicial
rulings, contracts, etc.

3. Amortized costs, operating costs, budgetary allowance, Federal
funds available, incremental costs.

4. Response force size and disposition strategy, message traffic and
loading, radio service distance.

5., Interference and noise.
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5. CONVERSION OF FUNCTIONS TO EQUIPMENT AND PERSONNEL ELEMENTS

The generalized emergency communication system of functions depicted
in Figure 3 can bé converted into a system of interconnected equipment
and personnel elements, as shown in Figure 6. By comparing the two dia-
grams it can be seen that the function of stimuli input requires an
array of telephone equipment: data terminals, teletype terminals, telephone
terminal equipment, and alarm display equipment. The function of analysis
of input calls is carried out in Figure 6 by telephone operators or other
public contact personnel (in some cases, the dispatchers). The record
functions of exchange, storage, and retrieval of information are performed
by auxiliary radio sets, intercom lines, computers, information files,
tape recorders, status maps, and other dispatch aids which are accessible
at the dispatch console. Communication between the dispatcher and the re-
sponse unit is performed through the console and in the base station equip-
ment.

The equipment array in Figure 6 can be simplified for purposes of

analysis into the following categories:

1. Telephone equipment.

2. Dispatch Console.

3. Dispatch aids.

4. Base station equipment,

5. Mobile radio equipment,

Before considering the equipment itself, attention must be directed
to siting and architecture because the site of each dispatch control

center will have strong effects on system effectiveness.

5,1 ©Sites of Control Centers

It is clear that the dispatch functions should be near departmental
command personnel, so that the command and control of mobile field forces
can be effective. It is also clear that the physical arrangement of
equipment in the control center -- dispatcher's comsoles, dispatch aids,
and telephone terminal equipment -- should aid in fulfilling the require-
ments of speed for the functions of dispatch and analysis of reports of

emergencies. The coordination between systems that is necessary for
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effective response to some emergencies is strongly influenced by the siting

of the dispatch functions,

5.2 Telephone Input Elements

Figure 6 indicates that a large number of communication channels may
terminate at the dispatcher. The public contact person functions as a
buffer between the dispatcher and the input channels (telephone, desk per-
sonnel, and alarm sensors) that couple the public into the system. The
public access channels are shown as double line paths in Figure 6. The
other paths indicate connections from the dispatcher to dispatch aids,
records, and intersystem coordination links. The public contact person
is a source of delay for incoming calls, and in some systems the time de-~
lay introduced by the contact person is deemed to be intolerable. In such
instances the telephone and alarms connect directly to the dispatch con-
trol console. It should be noted, however, that the requirement for
buffering the incoming messages depends upon the volume and time distri-
bution of the incoming message traffic. Even if the incoming lines termi-
nate gt the dispatcher, extra persomnnel may sometimes be required to
handle peak traffic telephone calls. It has been reported [4] that "in
Minneapolis~Hennepin County, Minnesota -- in November, 1967, 82% of the
calls received were for police service, 13% for fires, 2% for sheriff, and
3% for medical and other miscellaneous services." On this basis it can
be inferred that the total police emergency message volume in Savannah will
be approximately six times the fire messages, and about twenty-five times
the Public Works Department emergency messages which originate with the
public.

From a limited study of Savannah Police Department switchboard calls
[5] (two operators, 7:00 a.m. to midnight) the hourly average varied from
one call per hour (between 7:00 a. m, and 8:00 a. m. on a Sunday) to 372
calls per hour (between 3:00 p. m. and 4:00 p.m. on a Wednesday). The
ratio of the peak hourly average rate divided by the daily hourly average
rate ranged from 1.4 to 3.0, During the peak hour, the average service
time was 20 seconds per call.

Telephone companies have for many years utilized such traffic studies
to determine system design parameters when installing switchboards and

other customer equipment. The equations which permit the telephone
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company to recommend a certain number of trunks to meet a customer's needs
can also be used to predict the waiting time before a caller can obtain

a clear channel. The same equations, Erlang's equations [2], can also
utilize data from observations of radio dispatch traffic to determine how
many radio channels an agency needs to render fast emergency response.
Erlang's equations and a number of examples which illustrate their use are
included in Appendix A.

The examples in Appendix A indicate that during the hour of peak
telephone calls noted in the Savannah study the probability was 35 per-
cent that a caller would have gotten a busy signal. The examples indicate
the comparative values of adding more operators and trunk lines, and de-
vices such as an Automatic Call Distributor (ACD), to emergency communi-
cation telephone systems.

Whether to add more trunks, ACD equipment, or other telephone system
options will depend on what value the agency places on prompt and effective
response to callers. If it is desired that the probability of a caller
getting a busy signal is to be one percent, the examples clearly show
that several trunks and contact persons must be provided.

The examples in Appendix A also indicate that the second delay in-
terval in Figure 5 (the time that elapses between the instamrt a citizen
places a call and the reception of the call by the contact person at the
emergency center) depends on the telephone system at the agency. It also
depends on the design of the system,

In some cities, the telephone operators who answer police calls ini-
tiate complaint records and forward them to the dispatch consoles. If
there are more operators than dispatchers, and if the service time for the
operator task is shorter than the service time for the dispatch task, it
is clear that during periods of heavy demand the complaint cards will
begin to accumulate at the dispatch console. This is how the buffering
function of the telephone operators is realized. If the backlog at the
dispatch console becomes too large, the overall response time will in-
crease, and the agency effectiveness will drop. Examples in Appendix
A show what improvement could be expected by adding radio dispatch chan-~
nels, or by reducing the dispatcher's service time through the use of

dispatch aids.
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. Equipment available for the telephone input includes key sets, call
directors, manual boards, Centrex type switch gear, 911 equipment, etc.

" Some of the features available in key set equipment include:

1., Pick-up and holding,

2, Conference call,

3. Intercom,

4. Visual signals of line conditions.
5. Audible signals of line conditions,
6. Privacy.

7. Emergency override,

Large agencies should examine the benefits of key sets, Call Directors,
and/or Centrex PBX telephone systems. Each offers a number of useful
features,

The concept of the universal emergency telephone number, '"911" is
attractive, and it has already been implemented in over a hundred cities.
There are a number of technical problems in implementing 911. Because
the single number must connect the public to all the various emergency
agencies and because telephone exchange service areas cross political
boundaries, implementation will encounter jurisdictional conflicts.
Another problem is in identifying the address of the emergency inasmuch
as the towns, cities, and municipalities served by the single number
often have repetition of street names and numbers. FEmerging technology
offers possible solutions for some of the technical problems encountered
with 911. These include:

1. Automatic Number Identification (ANI), with gutomatic display
of the number of the caller. A computer could be used to de-
rive the address of the caller, and could then also automati-
cally route the call and the address to the proper local

govermment, where a single telephone contact person would
determine the nature of the emergency.

2. Called Party Hold. The telephone of a caller can be held
on~line, even if the caller hangs up, so that the call can
be traced and ANI could be accomplished.

3. Forced Disconnect. Jamming could be prevented.

If 911 is implemented it should include all of the Savannah
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'metr0politan area; and advantage should be taken of the most advanced
technology, especially ANI.

The dispatch console should consolidate all of the emergency tele-
phone equipment that is available directly to the dispatcher. The dis-
patcher earphone and microphone should be capable of being switched
either to incoming telephone lines, or to radio channels. A set of
telephone push-button keys built into the console (equivalent to a Call

Director) will reduce the clutter and extend the dispatcher's flexibility.

5.3 Radio Dispatch Channels

The usefulness of Erlang's equations in structuring the telephone
input and the radio channel output has been illustrated in Appendix A.
The reduction of overall response time that can be expected if two dis-
patchers are used instead of one dispatcher is also calculated in Appendix
A. It must be pointed out that the basis for Erlang's equation includes
random distribution of the incoming calls. The random nature of telephone
traffic is the basis of success of telephone systems. To take full
advantage of the randomness of incoming messages, the radio dispatch
system would have to be designed like a telephone system; i.e., the dis-
patcher should be able to contact any vehicle over any of the system's
radio channels. (This might not be practical for police tactics, of
course.) To illustrate the value of the ability to contact vehicles
over any of the available channels, assume on the contrary that each of
two radio channels is dedicated to half the mobile vehicles. Of three
simultaneous incoming calls at least two but possibly three would be
routed to one dispatcher. A total delay of as much as three dispatch
service times could be required to dispatch all calls, and the maximum
system delay would be experienced while one of the dispatchers was com-
pletely idle. With access to all channels by both dispatchers, no more

than two of the three dispatches would ever be made by one dispatcher.

5.4 Dispatch Consoles

The dispatcher's equipment can be very simple if his function does

26
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A Typical Dispatch Console [6].
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different agencies, Computer aided dispatch is being employed in a number
of police departments; this requires more devices than are shown in the

figure.

5.6 Base Station Equipment

Base station equipment includes the base stations themselves and
associated antennas, towers, antenna feed lines, power sources, and
buildings.

Functionally, base stations are receiver/transmitter units through
which communication is established between the dispatch control center and
the response force. The communication mode may be voice or data with
either analog or digital transmission. Terminals, either in mobile units
or at the control center, may include voice transducers, printers, digital
display, computer interface keyboards, status switches, vehicle location
indicators, etc. The same base station can handle any of this information.

Base stations must be located near the transmitting antennas. The
control signals and message signals can be connected from the dispatch
console to the base station by telephone lines or by microwave or UHF
radio link.

The ability to communicate must be secured against natural disaster,
accident, and sabotage. This is accomplished by using telephomne lines
that are tagged to prevent inadvertent cutting by telephone maintenance
crews; redundant, multiple telephone lines; microwave or UHF links;
backup base stations (which can be mobile); and standby, gasoline-powered
generators. Where possible, base station should be located in or adjacent
to buildings that are continuously manned by City personnel -- police

stations, fire stations, pumping stations, etc.

5.7 Mobile Radio Equipment

The mobile radio equipment includes vehicular two-way radio sets,

personal portable two-way radio units, and pocket pagers which can re-

ceive one-way alerting signals and/or voice signals.
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Figure 5 labeled '"call analyzed.," To reduce overall response time, the
additional time required for routing to the proper agency would have to
be exceeded by a reduction in the time required for the citizen to place
the call, plus the time required for the call to be received. This re-
duction can be estimated as about thirty seconds. For a trained operator,
the extra time required to route the message to the correct agency can
be estimated to be about ten seconds, for a net overall savings of per-
haps twenty seconds,

There are other, more involved considerations in the adoption of 911,
however. The implementing equipment is installed at telephone switching
centers, some of which serve areas that cross jurisdictional boundaries.
Adoption of 911 is thus feasible only for an entire metropolitan area
or for a free dialing telephone area, and the consolidation of a number
of emergency dispatch and control centers is implied. For Savannah,
this would mean no less than the consolidation of all the present police
dispatch operations in Chatham County into one command and control center,
with similar consolidations of fire and ambulance dispatch operations.

It has also been suggested [7] that to help the telephone contact
persons route the 911 calls to proper control centers, Automatic Number
Identification (ANIL) could conceivably be implemented. The telephone
company automatic billing systems presently include ANI equipment to
identify the telephone number of callers. The suggestion is that this
capability be incorporated along with 911, With a digital computer, the
telephone number of a caller could be rapidly correlated with his geo-
graphical location, and that information could be displayed for the
dispatcher. The far reaching effects of implementing 911 place it beyond
the scope of recommendations in this study; it is presented in concept
only.

The building layout proposed for a dispatch command and control
center for San Diego [8] would lend itself well to centralized emergency
communication operations at Savannah., The isometric view in Figure 8
indicates how agency operations could be separated for optimum agency

service and still permit coordinated responses when necessary.
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Sketch of a Centralized Command and Control Center, Adapted
from a Plan for San Diego [8].




The building elements could be used either for a Metro Savannah
consolidation; or for common occupancy by City, County, and State; or
for a City of Savannah centralization, The 911 routing operator room
is shown in parentheses because it would be feasible only in the case
of a Metropolitan area comsolidation. The command and control build-
ing for a metro area comnsolidated system would not need to be appreci-
ably larger than one for a City of Savannah centralized system, if
advantage is taken of system economies,

The equipment and room arrangement for a metro Savannah consoli-
dated system could be similar to the first-floor plan in Figure 9,

If Civil Defense and Emergency Medical dispatch are deleted from
Figure 9, it could represent a conceptualization of a centralized
site for a City of Savannah emergency dispatch system,

By separating City and County operations into separate dispatch
rooms, and including quarters for a State Patrol radio room, Figure 10
indicates how area-wide emergency dispatch operations could be central-
ized without consolidating agencies. The addition of the second-floor
gallery shown in Figure 8 would permit combined and coordinated responses
as needed.

A newly constructed emergency communication center could be under-
ground, hardened against air attacks, and equipped with auxiliary elec-
tric power. The offices of agency administrators should be in the same

building as the communication centers.

6.1.2 Communicaticn Centers in Present Sites

For the present it is necessary that the City of Savannah

house its emergency communication centers at decentralized locations.

Police Department. The Savannah Police Department command center

is being relocated into rooms set aside for that purpose in the
Police headquarters building., Attention is being given to security
of the center against sabotage. It is recommended that the emer-
gency telephione equipment alsc be relocated within the command
center so that it can be protected against sabotage. The incoming
telephone lines should be relocated underground and/or in steel con-
duit to decrease their vulnerability.
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least two consoles and two VHF or UHF channels are required.

The requirements for consoles should be based on the functional re-
quirements of minimum time delay and maximum dispatch effectiveness.

All consoles need automatic private line connections to all other
city public service dispatch consoles, and also to wrecker companies and
public utilities -~ either to dispatch consoles or to emergency telephone
operators. Private lines are also needed between city dispatch consoles
and their county counterparts, and to the Emergency Medical Center and

Civil Defense Center.

6.3.1 Police Consoles

The police dispatch consoles should include the following:

1. Earphone and microphone in a single unit, either a handset
(like a cradle telephone) or a headset with lightweight,
small microphone,

2, Volume control.

3. Channel selector switch and indicator.

4, Footswitch and bar switch to actuate microphone connec-
tion to radio.

5. Switch to connect microphone to telephone,
6. Call Director for telephone channel selection.

7. Selection of transmission options (selective address, all
channel transmit, squelch disable, etc.).

8. Selection of intersystem radio channel,
9. Intercom switch.

10. Keyboard, display, and printer.

11. Dispatch aids, such as clock, time/date stamp, status map
switches, VU meter, teletype terminal, computer terminal,
card files, microfilm viewer, quick recall tape recorder,
CCTV monitors, alarm sensor printout devices, call indica-

tor, and switches for mute, 1000 Hz alert tone, repeater
disable, and supervisory take-over,

38



The arrangement of consoles in the Police Department is planned
as shown in Figure 11. There are six operational consoles and two desks.
The console arrangement will be compatible with computer-aided dispatch,
and will lend itself to effective operations. It will permit a variety'
of different tactical configurations of the Police Department response
forces.

The six consoles recommended for the police control center are com-
patible with radio channel requirements to fit the functional needs of
the Police Department. In Appendix B the requirement for three patrol
channels is compared to published requirements, and a study is made of
methods for determining police radio needs. The use of three patrol
consoles is based on tactical decisions by the Savannah department to
divide the city into three patrol sectors. The other three channels
will serve other police functions: investigative, local area police
net, and special detail. For Savannah, the éix available channels might

be assigned as follows:

Channel 1 - 460.025 MHz - Patrol, 3 shifts,
Channel 2 - 460.200 MHz - Patrol, 3 shifts,
Channel 3 - 460.325 MHz - Patrol, 2 shifts,

Channel 4 - 460.475 MHz - Investigative,
Channel 5 - 460.400 MHz - Special Detail,
Channel 6 - 460.500 MHz - Local Area Police Net.

The above channel allocation is only suggested as a starting point
for equalizing channel loading. It is based partly on a SPD study made
April 15, 1973, and on conversations with personnel in the Department.

The objective in radio channel management should be to equalize the
channel loadings, and to provide enough channels to yield average loading
factors lower than 35%. Radio traffic analysis should be performed, and
adjustments made to equalize channel loading. Digital counters should be
included on all radio consoles and telephones for radio and telephone
traffic analyses and channel management,

Channel Six, used as suggested above, will give access to a cross-band

repeater, which Chatham County presently owns. Savannah will need at its
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command center a low-power (about 1 watt) 465.500 MHz transmitter with
a roof mounted antenna to actuate the repeater, which can rebroadcast
on both 460.500 MHz and 154,905 MHz. Channel Six will have a number of

modes of operation:

1. SPD car-to-car county-wide. Transmission on 465.500 MHz from
a car will be received at SPD and rebroadcast county-wide on
460,500 MHz for car-to-car relay,

2, Command and control of all SPD cars county-wide, using 460.500
MHz transmit and 465.500 MHz receive at the base station. This
will be the SPD emergency mode.

3. Command center to GSP, FBI, or CCPD, via the 455.500 MHz low power
transmitter to the cross-band repeater, which will rebroadcast
on 460.500 MHz and 154.905 MHz. Reply messages from other
agencies received on 154,905 MHz will be relayed on 460,500 MH=z.

4, SPD cars transmitting on 465.500 could also inadvertently
trigger the cross-band repeater. Repeater actuation from SPD
cars to CCPD, FBI, and GSP must be controllable by the SPD
dispatcher. This could be implemented by wire line from the
SPD console to the County's cross-band repeater base station,
for example, by actuating a relay to quiet the 465.500 Miz
receiver in the cross-band unit. To prevent break-in on the
SPD 460,500 MHz transmissions from the 154.905 MHz signalis,
the muting circuit could also inhibit the cross~band 460.500
MHz transmitter.

From the viewpoint of the VHF users =-- GSP, CCPD, and FBI -- the
VHF side of the cross-band equipment should likewise be under control of
the County command and control dispatcher, to prevent SPD break-in on
ongoing County transmissions. Indicator lights at the SPD and CCPD con-
soles would indicate when a radio request was being made for access to
the cross-band facility by either user. An automatic private line will
also be needed to interconnect the County and City consoles, in order

to facilitate coordination.

6.3.2 Fire Department Console

A basic difference between fire and police department response
force posture which has an effect on the radio system requirements is

that police units are mobile and their targets may also be mobile, whereas
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calls include:

1. Broken water main. Response must be rapid to prevent damage
to streets and property, and to restore normal water supply.

2, Bridge collapse. Adequate traffic barriers and warning lights
must be put up quickly, to safeguard motorists, pedestrians,
etc.; rescue of drowning persons may be required,

3. Obstructed drainage. Street and property damage can be pre=-
vented by prompt remedial response.

4. Construction accidents. Collapse of buildings, scaffolds,
cranes, and ditches claim numbers of workers annually. Heavy
lifting equipment, bulldozers, power shovels, ditchdiggers,
etc., could, if brought quickly to the accident scene, save
some of the lives that are now lost,.

5. Fallen wires, Electrical hazards should be blocked off until
power company employees arrive. Perhaps with proper training
and proper tools, Public Works employees could with safety re-
move persons from contact with electric wires.

6. Inoperative traffic signals, Putting broken traffic lights
back into proper operation can save lives, prevent property
loss, and save time for motorists. An analysis of the cost
of one broken traffic signal in terms of productivity lost
when thousands of commuters are caused to be late to work, is
convincing proof of the value of quick response to such an
emergency. '

7. Broken sanitary sewers. The hazard to health of raw sewage
from a broken system is obvious.

8. Uncollected garbage. This is also a health hazard, but the
degree of emergency may be low enough to delay the response
until a scheduled collection can take care of it.

There are about 120 mobile radios in service in Public Works vehicles.
Applying the FCC viewpoint that 30 mobiles is an acceptable average load
for a radio channel, four channels would be required for day-to-day
operations and a fifth channel would be needed for emergency dispatch.

It is recommended that a study be made by Department management to deter-
mine the number and locations of consoles needed for best operational
effectiveness. If four non-emergency radio channels are found to be
required, they and the fifth channel might initially be assigned as

follows:
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of pole mounted relay receivers. Appendix D indicates that talk-back

vehicular mobile coverage from the extremes of Chatham County can be

achieved with the following system parameters:

S P~ W -

Mobile transmitters, 50 watts.
Mobile antenna gain, 5 dB (see Glossary for definitionms).
Line and coupling losses, 2 dB.

Base station antenna gain, 10 dB,

Minimum base station antenna height, 300 feet.

Tower height, 400 feet,






The police radio base stations, 400 foot antenna tower, and associated
building and auxiliary power generation equipment will be located in the
southwest of Savannah, in the direction of the center of the county. The
transmitter and tower site will be adjacent to a Fire Department station
house or other continuously manned City facility, for security purposes.

The base station antenna will have 10 dB gain; the mobile vehicles
will have antennas with 5 dB gain. Base station antennas will be separated
vertically by 20-foot spacings. The total coupling losses for a base sta-
tion and a vehicular antenna will not exceed 2 dB.

A microwave link (or a UHF equivalent) will transmit the dispatch
messages between the dispatch center and the base station location. For
backup, should the microwave link be down for repairs, a single automatic
private telephone line will permit operations over one channel at a time.
The base station equipments will include provision for local emergency
dispatch operations.

A battery operated transmitter will be provided at the Headquarters
building to permit limited coverage (within Savannah city limits) single
channel dispatch, for backup in the eventuality that all base stationms
become 1inoperative,.

The radio system will include digital communication capability through
any console. Initially, twenty-five vehicles will be equipped to communi-
cate by digitally coded messages. Push button selection of commonly used
10-code messages will be implemented, and longer digital messages will be
made possible by keyboard or thumbwheel switch. As the Department becomes
familiar with digital communications operations, additienal vehicles will
be equipped with digital capability as needed.

From the dispatch center, telephone and radio communication links
will be possible with all the emergency dispatch centers in the city and
in the county.

Included in the dispatch center equipment will be totalizers and
other devices to permit message traffic analyses so that the system opera-

tions can be well managed.
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7.3 System Installation

The use of a single tower as recommended in the conceptual System
is one way to achieve mobile radio coverage. Another way would be to
use a shorter tower and higher powered base station transmitter; but
with short base towers, the limitation on mobile transmitter power to
50 watts or 100 watts would require that a number of satellite receivers
be located over the county. The receivers would have to be connected,
by telephone lines or microwave links, to the dispatch center where a
"voting" mechanism would select the best of the incoming signals.

This alternative approach is valid., When a system is put out for bids,

the wvendor should be free to bid alternatives, such as the satellite
receiver approach. The decision on which system to buy should be based
on the total costs, including telephone line rental, security, upkeep
and maintenance, etc.

Appendix E is a set of specifications for an emergency communica-
tions system. It is included to suggest items that should be included
in a bid invitation.

After the system is installed by the vendor, it should be thoroughly
tested prior to acceptance. If the purchase contract is written in terms
of system performance goals and specifications, the acceptance tests
simply require that compliance with the contract be demonstrated, A

plan for acceptance testing is included in Appendix F.

























The processing time of 1.6 seconds would be impossible to achieve. It
can be seen in Figure 4 that for processing times of 10 seconds (p*=0.5)
the probability of busy signals when only two-trunk-lines are provided would
be 35%. This illustrates the effect of overlcad demand on operators.

It would be entirely feasible to add an Automatic Call Distributor
(ACD) to the telephone system so that a caller who would otherwise receive
a busy signal could be advised (by a recorded message) to '"hold on'" until
a trunk line becomes available, without his having to redial [4]. Figure
5 indicates that the delay experienced by a caller in the two-trunk-line
example above, (when processing time is 10 seconds and the probability of
a busy signal is 35%)} would on the average be less than 4 seconds, com-
pared to 10 or 20 seconds required to redial; and the ACD equipment would
reduce the caller's delay by several seconds. The ACD equipment would
also relieve the congestion caused by numerous redial operationms.

The time required to analyze the incoming emergency call, verify the
address, select an available field unit, and complete the dispatch (point
2 to point 7 in Figure 5 [2], Chapter 3) was found by observations at
the Los Angeles Police Department to vary from 1.52 minutes for clearly
emergency calls to 5.9 minutes for non-emergency calls [2]. The faster
action of the dispatch control center for an emergency call indicates its
potential capability; indeed for extreme emergency calls, the average de~-
lay at Los Angeles was only 0.67 minutes. (The field response to emer-
gency calls was 3.8 minutes, and to non-emergency calls it was 6.8 min-
utes.)

The question clearly is: 'Why should the average delay in the
control center be as long as 6 mihutes for any response category?"

Again, Erlang's curves indicate the answer.

Assume that calls are arriving at a rate of 1 call per minute and
that the message analysis and processing time is 20 seconds. Further
assume that the time required to complete the rest of a dispatch ("select
available unit," "send message to unit,'" and "unit acknowledge" time
segments in Figure 5, Chapter 3) totals 40 seconds, so that the minimum
communications center delay is 1 minute. Assume also that there are 3
trunk lines and 3 telephone operators. During periods of saturation of

the 3 telephone trunks, 3 emaergency telephone messages will be processed
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to determine their impact on systems operation. Candidate systems

designs that are capable of meeting the minimum communications require-

ments of the SPD will then be developed and presented in order of cost and
complexity. | »

During the development of candidate systems it was recognized that
the type of computer facility utilized strongly influenced system design.
Consequently two basic types were assumed: one, a centralized computer
facility, similar to that presently used in Savannah; and two, a computer
dedicated to law enforcement/Police Department use. (A third type, a
central facility administered and manned by police department personnel
would be a functional derivative of the more general centralized system
and is therefore not treated separately.) In each of the candidate sys-
tems described below the impact of each type of computer facility is de-
scribed.

The first step in the analysis is to define the features of digital
communications systems. Information concerned with benefits and costs
has been obtained from discussions with equipment vendors and has been
summarized in Table C~I. Each table entry is analyzed for relative

importance and impact on digital systems design.

2. Records Assistance

In terms of records assistance, digital communications techniques
can provide a simple means for capture of records from the communication
system, For routine messages, coded identifiers can be transmitted.
These can be recorded onto magnetic tape and subsequently processed by a
computer. Time information, unit identifiers, and other data can be
entered along with the message identifiers to form complaint/action his-
tories, and can be printed in the form of case histories, daily reports,
etc. This can be accomplished with minimum involvement of the dispatcher,
the field unit, or records personnel.

Digital communications techniques and automated records capture will
be useful to SPD administrative personnel, since management information

can be easily obtained from stored records. Data on records flow and
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communications traffic density can be used to gauge the effectiveness

of the systems., Data on numbérs, types, and locations of crimes can pro-
vide a basis for determining the effectiveness of beat strategies and
force deployment strategies, and could improve the operational effective-
ness of the force. Presently, records and data to support such management
studies are available, but the cost of capture of the data is prohibitive.
Thus, decisions relating to such factors as force deployment, shift
loading, and enforcement strategy must be based on incomplete data. Capa-
bility for obtaining the data is not without cost, in terms of both
initial investment and continuing operational costs. These will be iden-

tified and described below.

3. Work Load Reduction

Utilization of digital communications techniques could also reduce
the workload of communications and records systems personnel., If direct
computer inquiry is available to field units then the relay function
of the records dispatcher can be curtailed, and the miscellaneous data
inquiries presently handled by the patrol dispatcher can also be reduced
or possibly eliminated. In addition, use of digital techniques and
mobile, hard-copy units will reduce the memory requirements and increase
the effectiveness of field unit personnel. Currently, extensive lists
and involved instructions received by a patrolman must either be recorded
by hand or committed to memory. This results in requests for repeated
instructions and increases the radio channel usage. Errors are also
likely, especially with memorized data. Mobile hard-copy capability would
reduce these errors and reduce channel usage and would increase the ef-
ficiency of field unit personnel.

Along with the elimination of the records relay function of the
patrol and recerds dispatcher, the digital communications techniques
would reduce the number of voutine tasks performed by the patrol dis-
patcher, and would decrease the pressures on the patrol dispatcher which
arise from multiple, simultaneous messages. Routine traffic could be

handled via a digital dispatch conscle for all but urgent communications.
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The systems range from the basic systems presently operative in
Savannah to a hypothetical, sophisticated system incorporating a dedicated
SPD computer, computer aided dispatch, and all field units equipped'with
digital equipment. The systems are arranged in Table C-II in order of
increasing complexity and costs. For example, System A, utilizing the
present city computer agnd no digital equipment is the present situation
and therefore introduces no cost increment. Alternatively, System E
requires heavy costs, both in terms of initial capital outlay and in
terms of recurring operating costs.

Of the systems listed in Table C-II, all can supply minimal digital
communications needs. In terms of the parameters listed in Table C-I,
systems A and B both offer the benefits of increased force efficiency and
records assistance, provide some work load reduction and some increase in
personnel safety. They offer little or no decrease in channel congestion
and offer no channel security. System A has the advantage of requiring
no new capital expenditure. Systems A and B represent a most basic form
of digital communications capability, although they are digital only in
the sense that information, through SALES, is available from computer
memory, The systems are designed to provide demand access to SPD terminal
operators, and thus can provide rapid response through a dispatcher to a
requesting field officer. The current system priorities for processing
access by non-PD sources, and the lack of multiprocessing capability
limit the usefulness of the central computer for responding to terminal
requests. Also, conversations with the Director of the City computer
facility indicate that the city equipment is currently operating near full
capacity. Increased storage and processing requirements for future growth
of the SALES system will dictate purchase of additional computing equip-
ment. Also, the presently operated city computer facility does not pro-
vide the necessary criminal history security that will be required for
computer-to-computer access to the Georgia Criminal Justice Information
System (GCJIS). These deficiencies make the continued use of the presently
available city computer unattractive unless (1) the equipment capacity is

increased, and (2) necessary security arrangements are provided.
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the requirements for security of criminal history files would still ne-
cessitate that SPD personnel physically safeguard access to SPD terminals
and files. The awkwardness of the conflict of authority might be re-
duced, but would not be eliminated.

Systems D and E, which are based on a separate, dedicated computer
located at SPD headquarters, are thus reasoned to be the best choices
among the Table C-II system configurations, for computer-aided law en-
forcement operations. In a cost comparison of a dedicated computer
versus System C (city computer only) the costs of personnel and equip-
ment modifications to the city system to achieve security of criminal
histories, and the costs of operational awkwardness should be taken into
account.

The System D (or System E) configuration would be adaptable to effec-
tive SPD law enforcement operations, analyses of tactics, assessments of
effectiveness, modeling of criminal sgystems, detailed local MO files,
documentation of reports, and interface with both the State CJIS and the
regional law enforcement agencies that must use Savannah's computer (for

“input to the State network and to SALES files).

10. Recommendation

It is recommended that the System D configuration of computer-gided
command and control be implemented in FY 74; this recommendation is made
without knowledge of the computer system configuration that will be re-
commended in a concurrent study by PRC/Public Management, Inc. However,
if Savannah wishes to adopt a system modeled on the State system in order
to assure compliance with the State Master Plan, System D would conform
to the requirement that "all offender records will be resident on the
Data Communications Processors,' which must be "housed separately from
the general purpose computing equipment,' and operated by sworn personnel
24 hours a day, enforcing the "right-to-know/need-to-know access" to the
offender records.

Figure C-1 [11] depicts the recommended computer configuration.
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APPENDIX D. RADIO COVERAGE CALCULATIONS

In a previous report [10], the requiremenfs for acceptable communi-
cation (90 percent coverage, 12 dB SINAD) were developed. The develop-
ment was based on free space and plane earth propagation equations,
modified by the addition of 36 dB for time* and terrain losses to fit the
case of a UHF, mobile and fixed-base system.

A further examination of technical literature has revealed that an
assumption on which the 36 dB correction is based is that the terrain is
modeled as a random structure of hills and wvalleys which have effective
500 foot valley-to-hill differences in elevation--which is hardly the case
in the Georgia coastal plains area. In Chatham County, variations of
terrain elevations gbove sea level are gbout 30 feet.

In another report [12)] curves and equations are presented for both
VHF and UHF coverage in two types of terrain, "rough" and "average.'" The
purpose here is to develop correction factors and propagation equations
that will more closely approximate the coastal plains conditions.

The plane earth equation for rolling terrain [13] is:

15 2 2

. _.3.45 x 10 hB hR PT /?ﬂ{f ©-1)
50 i £
where
PSO = power in watts, exceeded at 50 percent of locations
that are d miles from the transmitter,
PT = transmitted power in watts,
f = frequency of transmission in MHz,
hB = base antenna height in feet,
hR = randomly located receiver antenna height in feet, and
d = distance in miles from base to randomly located

antenna.

*Over a year's time, for example, propagation conditions vary with
weather, vegetation, snow coverage, etc.
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To be applicable to mobile communications, Equation (D-1) needs to

be corrected to account for:

. Particular terrain conditions.

Antenna gains.

Line losses, including duplexers, filters, etc.

. Conversion from 50 percent to 90 percent reception reliability.

VP W N

. Vegetation losses.

For 50-foot valley-to-hill variations the 50 percent terrain correction
factor is 6 dB and the correction factor for vegetation loss is 12 dB
[14]. The correction factor for conversion from 50 percent to 90 percent
reliability is 9 dB [13]. Total correction for time, terrain, vegetation,
and reliability is therefore 27 dB. Only antenna gains and line loss

corrections are left to be determined, and Equation (D-1) can be converted

to
+ G -L_ - - = -

PT + GT GR LC 176 + 20 log hB hR 40 log d PR’ (D-2)
where

GT = transmitter antenna gain, d3,

GR = receiver antenna gain, dB,

LC = line and coupling network losses, dB,

PR = power at receiver terminals, dBW, and

PT = power at transmitter terminals, dBW
A corresponding expression for free space propagation is:

- - 117 - 20 log d = D-3
PT + GT + GR LC 7 0 log PR (D-3)

A reasonable estimate of the signal power required at a UHF, mobile

receiver, for 12 dB SINAD, is ~133 dBW [10]. This can be inserted in
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these specifications are considered to be within the current state of the
electronics art and are currently being met by commercially available

equipment.,

1,2 Exceptions to Specifications

Items in this specification which materially contribute to equip-
ment reliability will not be compromised. Where deviations from the
specifications are necessary, the bidder must spell out said deviations
stating why, in his opinion, the equipment he proposes will render
equivalent reliability or performance. Failure to so detail all such
deviations will provide grounds for rejection of the entire proposal as

unworthy of further consideratiom.

1.3 Respounsibilitv

It will be the responsibility of each bidder to bid a complete,
installed, working system. If extra pieces or units are, in the
judgment of the bidder, required to make this a working system, such
materials shall be listed, and supplied, if that bidder is the success-

ful bidder receiving the award.

1.4 Current Production Equipment

The equipment offered shall be of the latest design, in current

production, and as free from obsolescence as possible.

1.5 Performance Bond

A contract surety (performance) bond in the amount of one hundred
percent (100%) of the contract price, shall be furnished by the success-
ful bidder, in order to guarantee a completed project in strict accordance
with the specifications, and the payment for all labor and materials

necessary to so complete the project.

1.6 Minimum Standards

The equipment offered will be certified to meet or exceed appropriate

EIA standards, and current TCC regulations,
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2, System Function

The function of this system is to provide improved public service
efficiency, through the use of multichannel radio communications using
voice transmission between vehicles and dispatchers (and data trans-
mission, optionally).

The base stations will provide two-way, CM-3, 90 percent radio
coverage between dispatchers and mobile units within the mobile service
area and the personal portable service area.

To extend personal portable radio coverage to the limits of the
mobile service area, mobile stations will have the capability of being
enabled by the central dispatcher as portable relay stations, or satellite
receiver/relay equipment will be provided (optional).

A data transmission system (optional) will provide improved effi-
ciency through the use of radio communications by both voice and data
between vehicle units and controlling dispatchers.

The system is intended to relieve problems caused by heavy traffic
(large numbers of units, messages, and emergencies) and by organizations
which have many different functional groups that must at times work
cooperatively, and at other times independently.

It is necessary that the radio circuits provide clear and in-
telligible voice operation and that the coverage be adequate for the
areas of operation. This is to be accomplished by obtaining radio per-
formance to modern technical standards.

It is necessary that all controls and indicators used by cars and
controlling dispatchers be easily understood and functionally reliable.

An optional feature (separate cost estimate required) would be the
provision for transmission of data messages to and from the cars to re-
port status, to transmit emergency calls, and to routinely identify all
radio transmissions. The decrease in time required to transmit these
messages as coded data will enable a large amount of information to be

transmitted and received while using minimum radio channel time.
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Another aspect of the optional capability data message is automatic
status display and automatic printing of log entries at the control
center. This reduces errors. Data transmission systems will also be
compatible with (1) direct mobile-to-computer links, (2) printout of
messages in mobile units, and (3) other technology as it becomes de-
sirable.

Automatic emergency backup power, capable of operating a total of 10
mobile relay stations will be provided. Indication at the control center
that the emergency supply has been activated will be included.

A two-frequency emergency mobile relay station will be installed to
back up communication failures due to equipment failures at the primary
base stations.

The dispatch center will be equipped with dispatch consoles each
of which can switch 24 radio functions. Consoles will be identical, able
to operate in parallel, and all features will be available on each con-
sole. Each console will be capable of controlling the entire system or
any portion thereof so that dispatcher load can be shared to the best
advantage.

A rear view projection panel located between the consoles will pro-
vide ready access for displaying detailed maps, operating procedures,
telephone numbers, etc.

A status board at each console will indicate the immediate status
of all vehicles. It will be designed to provide easy viewing by the dis-
patcher.

A visual readout and a printed readout of vehicle identification and
data information will be provided for each comnsole. Optionally, pro-
visions for calling a desired vehicle by data transmission and the capa-
bility for sending a number of data transmission messages to the vehicle
will be available to each dispatcher; and direct access to designgted
areas of information other than the main console will be available to the
mobile operator via the data signaling method.

Facilities to monitor neighboring radio systems will be provided.

Small, local-controlled, control stations will be provided (op-
tionally) in the offices of Department managers to allow monitoring of

the system and also to serve as backup relay links.
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21.
22.
23.
24,
25.
26.

27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.

40.

Output to digital line printer (optional).

Controls for status map lights.

Switches to transfer to backup base stations.

Switches to transfer to backup link.

Indicator status lights for transmit-receive functions.

Speakers, amplifiers, volume controls, and switches as re-
quired for monitoring selected audio, and other audio signals.

One "Take-Over' switch.

One Intercom switch.

One Multi-Select Switch.

One Multi-Select Release Switch.

One Headset-Microphone Switch.

Three birect Remote Connect switches,
One Master Mute Release Switch.

Power amplifiers for the speakers and for the transmit audio
shall be identical, and shall meet or exceed EIA standards.

Compression amplifiers used in conjunction with each power
amplifier shall meet or exceed EIA standards.

One spare of each type amplifier and one spare Transmitter-
Selector switch shall be furnished.

All pre-amplifiers, line amplifiers, compression amplifiers and
power amplifiers must be separate, fully transistorized, self-
contained, inter-changeable units. These amplifiers shall be
quickly replaceable on an individual plug-in basis,

All of the above amplifiers must be mounted in standard rack-

type mounting trays.

(1) All transmit control functions shall be accomplished by use
of plug-in telephone type relays and transformers.

(2) All transmit and receive audio lines and all transmit con-
trol voltages shall be available at a terminal strip to
permit strapping of transmit and receive control functions.

(3) Control currents and/or voltages shall be adjustable on an
individual channel basis.

(4) All transmit and receive audio lines shall be nominally
600 ohms impedance.

All dc power units must be line and/or load regulated, solid-

state units.

Design parameters must coincide with current MIL-SPEC human
factors engineering practices.
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Instant Recall Data Display System. The rear projection data display

console will allow fast retrieval of information such as an enlarged view
of an intersection, operating procedures, telephone number, etc. This
console should be located conveniently to the operating consoles. This

console will provide the following features:

1. Picture size, approximately 22 inches measured diagonally.

2. Provision to select and focus not less than eighty 35 mm slides.

Vehicle Status Display. The status display board will provide a

visual status indication of all vehicles to dispateh personnel. The

following features will be included:

1. The center approximately 4' x 4' portion shall be an enlarged
photographic reproduction of a map of the service area. The
front of the map will be protected by a sheet of transparent
material, treated to reduce reflection, without substantial
loss of light transmissions through the material.

2, Behind the front cover will be a means for positioning light
groups (or projected spots of light). Each light group shall
be made up of 3 colors, one each green, red, and yellow. Sixty
light groups must be capable of being moved to any location of
the 4' x 4' map area. (One watt per lamp, adjustable light
intensity, 3/8-inch, sharply focused light spots.)

3. The above 60 light groups shall operate in parallel with a like
number of lights groups, located in what is normally considered
the "wild car" area.

4, Total "wild car'" number shall be approximately 150. The '"wild
car" area shall be in two sections, one on each side of the map.

5. The lights of each ''light group" shall be controlled from
switches, or optionally from a console status decoder which in
turn is controlled from vehicles via data transmission.

6. A data encoder will be installed in each dispatcher console to
provide operator control of the status lights (option).

Control Station (option). This station will be controlled primarily

from the office of the Department Head. The station will provide moni-
toring facilities, and it will have capabilities of being used as a
backup relay link, in the event of telephone line and microwave link

failure. The following features will be included:

1. The station will operate primarily as an extended local-controlled,
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control station via a telephone-type desk set. It will include
an internal speaker that is muted when the telephone is lifted
from its cradle., Frequency selection will be available.

In order to utilize this station as a backup station in the
event of telephone line failure, the station must supply audio
to, and be capable of being keyed and modulated from, the main
control consoles. Remote channel selection (at the dispatcher
console) will not be required.

The station will be expandable to eight channels, by adding
only two frequency determining elements per channel.

A directional antenmna and the necessary coaxial transmission
lines will be provided and installed on or near the dispatch
center building. Lightning protection will be provided.

Other specifications:

(1) The control station will operate on frequencies de-
signated in the frequency plan.

(2) Operating power will be 120 Vac + 10%, 60 Hz, single
' phase,

(3) Circuits will be solid-state.

{(4) Adequate protective devices will be included.
(5) Field maintenance shall be convenient.

(6) Minimum RF power output will be 100 watts.

(7) Rated system deviation will be + 5 kHz, as per EIA
' Standard RS-152-B.

(8) Tone coded squelch encoder will be included,

(9) EIA Standards RS-152-B, RS-204, and RS-220 will be met or
exceeded,

Monitoring Receivers (Optional). All monitoring receivers will be

located in one cabinet. The following features will be provided:

1.

Four High Band receivers and one Low Band will be supplied,
these receivers to have 600 ohm outputs suitable for telephone
line operation, and connection to the main console.

Space will be provided for an additional receiver. This addi-
tional receiver may be either Low Band or UHF Band.

All High Band receivers will operate from one antenna; there-
fore, a "splitter'" must be provided.

A 6 dB High Band antenna and the necessary transmission line
will be installed on or near the dispatch center building,
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8. Each station will have either a built-in duplexer for single
antenna operation, or separate send and receive antennas if
required for receiver isolation,

9. Transmitting antennas will have gain designed to provide a
field strength pattern which, at a given distance, is constant
with azimuth.

10. Lightning protection devices will be installed on all antennas.

Transmitter and receiver frequencies will be as specified in the
frequency plan.

11, Metering of all circuits essential for field maintenance and
alignment shall be convenient.

12, Power supplies will be 120 Vac + 10%, 60 Hz, single phase.

13. The base-station shall incorporate a control terminal panel to
permit operation via a two-wire telephone line either from the
remote control consoles, or from microwave equipment. The
control panel shall have facilities for local test, including
loud -speaker, volume control, and microphone input. The con-
trol terminal panel will provide additional functions such as:

(1) Receive/transmit amplifier.

(2) Three-minute time limiter.

(3) 0-6 second adjustable delay release.
(4) Carrier operated switch.

(5) Tone operated switch.

14, Output power shall be such as to provide 907%, CM-3 coverage of
the service area.

15. Rated system deviation will be + 5 kHz, as per EIA Standard
RS-152-B.

16. Antenna transmission lines will be low-loss. They will be
matched for minimum VSWR.

17. Circuits will be solid-state, except for final.

18. EIA Standards RS-152-B, RS-204, RS-237, RS-220, and RS-374 will
be met or exceeded.

Emergency Power Source. A 120 volt, single phase, 60 cycle standby

generator will be installed at the base station to provide emergency power

for mobile relay stations. This generator will have the following:

1. Capacity for 10 base stationms.
2, 25-gallon gasoline tank.

3. Automatic start, with automatic load transfer panel. A time
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delay will be made part of the automatic load transfer panel
so as to preclude immediate transfer back onto the main line
during times of repeated power-line failures.

4. An automatic exerciser to periodically check the operation of
the emergency system.

5. Aural or visual indication at the main control console to
indicate emergency-power operation.

3.3 Mobile Units

The mobile radio shall consist of a transmit/receive unit with
controls, speaker, microphone, antenna, interconnecting cables and
such other items as shall be required for a complete two-way FM mobile,
trunk mount, radio installation. |

Transistors and solid-state devices shall be used throughout the
radio with no vacuum tubes or mechanical relays. Circuitry shall be
incorporated that protects components against damage caused by excessive
voltage, high ambient temperature or accidental mistuning or loading.

All units shall be designed to operate directly from a nominal 12
volt, specific* ground, vehicular electrical system without internal
power supplies. All units must be interfaced to operate with the
existing sirens. Primary power input shall be protected by a resettable
circuit breaker of proper rating.

The equipment shall meet or surpass all applicable FCC regulations,
EIA standards, and the technical requirements of these specifications.

The mobile radios shall operate on the frequencies designated in
the frequency plan. All units shall be capable of expansion to eight
transmit and eight receive channels, merely by adding two frequency-
determining elements per channel.

The housings shall be completely enclosed, with no louvres or vent
openings. A single, multi-contact, screw-thread-retained connector and
a coaxial cable shall be the only external connections required. The
front panel shall have a key lock that prevents unauthorized persons from

opening the unit, or removing it from its mounting base. For trunk

*Whether the ground is specified positive or negative will depend on
the present fleet vehicles.
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mounting the control cable shall be at least 20 feet long. All hardware
including grommets and cable clamps required for normal installationms,

and all cabling necessary for a complete installation, shall be included.
All cables shall be insulated and of a weather-proof material, resistant

to such contaminants as would be encountered in a mobile installation.

Data Transmission Control Head (optional). All mobile units, in

addition to normal voice communications capabilities, will have a con-
trol head which will include data encoding, data decoding and processing
circuitry. The following features will be included:
1. Normal controls for voice communication, including selection of
16 channel frequencies.

2. Data encoding capability which when operated in conjunction with
complementary equipment at the control center, will provide to
the dispatcher the following information:

(1) Vehicle identification.
(2) Pre-selected messages from the mobile.

(3) Selectable, from the mobile, code signals, aid
messages, acknowledgements, assignment clearing,
status, etc.

(4) Vehicle status information.

3. Decoding and processing circuitry which in conjunction with
complementary equipment at the control consoles will provide
to the vehicle operator the following information or features:

(1) Audio and wvisual indication that the transmitted
data information has been duly received, and processed,
at the control center.

(2) Enable, and/or disable the repeater function of the
mobile unit, as controlled from the dispatch.

(3) 1Indicate a dispatcher call, plus additiomal data
messages.,

(4) Display code messages received by data transmission.
4, A continuous tone signal to provide access into the mobile relay.

5. A relay shall be provided so that data is transmitted 380 to
440 milliseconds after initiation of PRESS-TO-TALK, or push--
button send, to provide time for switching operations in the
audio path to central station.
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10.

11..

12,

13,

14,

15.

16,

17,

FCC requirements for voice circuit sensing will be adhered to.

The entire data message shall be transmitted in less than 500
milliseconds.

The datamodulation shall employ techniques that require no
special treatment or modification of the audio pass band
characteristics of mobile radio or interposed telephone lines.
The modulation shall not require dc or unusual low frequency
response. There shall be no requirement to alter, delete or
bypass audio filters in the mobile radio transmitter.

A data message shall be transmitted once, whenever the send
button or a message button is first depressed. A message
shall be repeated if the button is released and depressed
again.

The microphone audio circuit shall be muted while data
transmission is in progress.

The coding of each character must contain redundancy to
enable character error detection or correction.

Strapping of identification codes shall be possible in the
field.

The acknowledgment lamp shall only illuminate from an address
coded with vehicle identity. In the event of simultaneous
transmission, where neither message is fully received, no
acknowledgement signal will be transmitted.

Acknowledgement disable is provided when the incoming message

is coded press-to-talk, by unique digits. This is to prevent
acknowledgment from the base station interfering with identified
vehicle voice transmissions.

The data function shall not be susceptible to malfunction from
associated transmitter RF field, alternator whine, or locally
generated ignition noise more than 20 dB down from fully
modulated test tone.

External connections shall be provided for teleprinter
operation, making use of common address and control circuitry
in data equipment.

The data transmission must be rapid with low probability of
error. While this specification does not call out details of
modulation and method of character coding, the exact method is
an evaluation factor with obvious preference for those which
are most reliagble at the required speed. The modulation must
be suitable for both voice radio, and telephone wire trans-
mission, and must meet current FCC regulations and appropriate
EIA standards.
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18.

19.

20.

21.

22.

23.

24,

25.

The number of units with operator changeable, and shop
changeable, identity coding will be specified on order as
in the following example:

Identity will be determined by plug-in key, card,
or connector device which is encodable by shop
personnel with hand tools. It must preferably

be impossible, but at least difficult, for identity
to be set by unequipped and unschooled personnel.
The key/card will plug into the control head to

set identity. If the card has handles, it is
operator changeable. 1If it is fastened by rivets,
it is shop changeable only.

Control heads must be identical before strapping so that
any head may be used in any vehicle.

Active circuit groups shall be constructed on modular plug-
in assemblies, so that malfunctioning units may be repaired by
module or card replacement.

Materials and workmanship shall be appropriate to heavy duty
service. No materials which significantly deteriorate with
age and humidity shall be used.

The enclosure shall be of such size as to be éasily installed.
Brackets and fasteners shall be provided which will allow quick
removal and installation of comtrol head assembly.

The front panel shall be so designed that it is not a safety
hazard by reason of separable parts or sharp edges.

Connectors or separable connections shall be provided so that
the entire unit can be installed and removed without the use
of soldering iron or power tools. Connectors shall be small
enough to pass through a round hole 1.25" diameter.

Battery power line shall be in-line fused and connectable to
ignition switch.

Mobile Receivers. The mobile receivers will meet or exceed the

specifications of EIA Standards RS-204 and RS-237. The following features

will be included:

1.
2.

Separately housed speaker.

Palm-type microphone with built-in, transistorized preamplifier
to reduce the effects of stray noise pickup. A push-to-talk
switch shall be incorporated in the microphone. The micro-

phone cable shall be the self-retracting type and shall terminate
in a screw-~thread retained type connector.
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3. Audio output power of five watts or more, with 5% or less
distortion.

Mobile Transmitters. The mobile transmitters will meet or exceed

the specification of EIA Standards RS-152-B and RS-237. They will in-

clude the following features:

1, Power output of at least 50 watts (5 dB antennas).

2. A circuit in the keying circuitry to limit the duration of
each transmission to 60 seconds. At the end of that time
the transmitter shall automatically turn off and an audible
alarm shall be sounded. The circuit shall be reset by re-
leasing the push-to-talk switch.

3.4 Portables

The hand-held personal/portable unit shall consist of a compactly
designed solid-state transmitter and receiver with associated battery
power supply housed in an impact resistant case. The unit shall be
furnished as a completely operationagl two-way FM radio set with battery,
microphone and antenna. It shall meet or exceed EIA Standard RS-316.

The transmitter and receiver shall operate on frequencies as
specified in the frequency plan.

The set shall be capable of being powered interchangeably by a re-
placeable mercury cell battery or a rechargeable nickel-cadmium battery.
It shall be possible to charge the battery without removal from the set.

The antenna shall be a flexible coated spring type antenna.

The active circuitry shall provide the highest reliability and
simplified maintenance.

A loudspeaker and microphone shall be supplied within the case.

A carrying case with shoulder strap shall be provided for each
portable unit,

Battery charger equipment shall be provided.

External speaker/microphone units shall optionally be provided.

The cord and plug of an external unit will disconnect the normal internal

microphone and speaker unit; all units will also have plug-in earpieces.
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Each personal portable radio unit shall contain a provision for
emergency data transmissions.

Output power (into the antenna) shall be as high as feasible,
consistent with other constraints.

Weight shall not be more than 42 ounces, including batteries.

3.5 Auxiliary Station

Backup facilities for the system will be provided, including a base
station with interlock facilities to prevent simultaneous transmissions

on the same frequency from both the primary and the backup units.

3.6 Installation

Complete installation will be the responsibility of the successful
bidder. The installation of all equipment will be coordinated with the
purchaser in a manner that will enable the transition to go as smoothly
as possible.

Equipment will be shipped so that installation is made without the
loss of communications at any time.

The installation will be made to the satisfaction of the purchaser
and will be supervised by supplier personnel.

As the installation will cover a period of a few months it will be
the responsibility of the successful bidder to provide all maintenance
on the equipment, at no cost, until such time as the installation is
completed and the system is accepted. In the event installation is delayed
through no fault of the successful bidder, the purchaser shall immediately
assume responsibility for maintenance of all equipment which has been
installed and accepted.

The successful bidder will arrange for training and instruction of
personnel in the use of this two-way radio system.

Technical assistance will be provided during the installation and

as needed to train maintenance personnel,

3.7 Frequency Plan

The bidder should include a complete frequency plan.
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4. Equipment List

4,1 Control Center

Control Console,

Instant Recall Data Display System (option),.

Vehicle Status Display,

Control Station, antenna, and transmission line.

Monitor Receiver.

Remote.

Conveyor Belt (optiom).

Message Recorder,
Phone Patch.

Chair.
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4,2 Mobile Relay Station

1. Mobile Relays, complete w/duplexers, antennas, and trans-
mission lines.

2. Emergency power generator,

4,3 Mobile Units

1. Mobile units complete, with optional data control head,
duplexer, continuous tone generator, time-out-timer, etc.

4,4 Auxiliary Stations

1. Two frequency, UHF Mobile Relay, Complete Antenna and
Transmission Line.

4,5 Portable Units

Each unit will have continuous tone generator, NICAD battery,

carrying case, external speaker/microphone, earpiece, and charger.

4,6 Data Equipment (option)

1. Control Head - included with each mobile unit,
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2. Master Display Decoder,
3, Digital Line Printer,
4, Status Display Decoder,

5. Selective Caliing Sender,

4,7 Installation, complete

4,8 Service

Per year, all parts and service.
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2. Net coverage must also be specified and the combinations of
satellite receivers, satellite transmitters, repeaters, and
relays used to obtain the coverage must be clearly evident.

3. For transmitter-receiver combinations and the projected cover-
age, the following parameters must be specified:
Receivér:
(1) Sensitivity.
(2) Frequency of operation.
(3) Receiving antenna gain.

(4) Receiver noise level due to urban=-surburban man-made noise.

Transmitter:

(1) Power output to optimum load.
(2) Frequency of operation,

(3) Transmitting antenna gain.

(4) Losses in network between transmitter and antenna.

Path Characteristics:

(1) Type of path assumed, i.e., whether line-of-sight, surface
wave, etc,

(2) Total path loss versus distance.

4, For net coverage projections, the following parameters must be
supplied:
(1) Frequencies of operation.

(2) Basic method of approach, i.e., whether satellite receivers
and approximate location.

(3) 1If included, the number of satellite receivers and approxi=~
mate location,

(4) If included, the total number of dedicated phone lines and
type of lines required.

The calculations of mobile radio coverage in Appendix D are based on
the desire for two-way, full duplex, voice communication between the dis-
patcher and field personnel using either mobile or personal/portable
radios anywhere in the respective service areas., The criterion for accept-
able performance is 12 dB SINAD, to or from 90 percent of all possible

locations at service range, 90 percent of the time,
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2.2 System Field Tests

Coverage tests, both talk-out and talk~back, should be made at
mobile locations along roads which are nearest to randomly selected
points at service range distances from the base station., As test
vehicles are driven along rcads nearest to the randomly selected points,
signal quality of 12 dB SINAD or better should.occur at least 90 percent
of the test message time, for at least 90 percent of test locations,
Tests should be conducted under typical weather conditions.

Digital transmission messages should be tested from the same sites
and under the same conditions as the voice tests, but the acceptance
criterion should be 1 message error in 100 messages transmitted,

Tests of reception of signals by mobile units should be made at
predicted shadow locations, where shadow losses averaging 20 dB have
been calculated. Shadow loss points where 12 dB or better SINAD voice

reception is not established should be listed.

2.3 Functional Tests

The functions of equipment, as described by the specifications and

the vendor's bid, should be verified after the system is installed.
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