If you have issues viewing or accessing this file contact us at NCJRS.gov.

Ty
- e e e ——
. NLTTRS
D,
¥ o+ o B gl At A A
. i L A &7 L8~
Reprinted from: ” ¢ ¢ ;)/ v
Law _Enforcement Science and Technology: Proceedings of the First National Symposium
. on Law Enforcement Science and Techqology, March 7-9, 1967, conducted under OLEA
. Centract 66-9 by [llinois Institute of Technology Research Institute. Proceedings
e published by Thompson Book Company, Academic Press, Washington, D.C. )
Nk
5 N U. S. DEPARTMENT OF JUSTICE LEAA DISSEMINATION MATERIALS
This microfiche was produced from documents received for OFFICE OF LA EHTORCEMENT ok
) ) ) o ; ASSISTANCE SELECTED REPRINTS
inclusion in the NCJRS data base. Since NCJRS cannot exercise =2
control over the physical condition of the documents submitted, ® ) :
the individual frame quality will vary. The resolution chart on A communication system for the Washington, D. C.
. . : . - . * ——————— - .
this frame may be used to evaluate the document guality. metropolitan police department
» R R i
¢ . by FRANK C. PETHEL and DONALD BERIELLA
4. HT Research Instioute
Annapolis, Marylaad
4 128 125
mllE 'mig INTRODUCTION The city of Washington, D. €, is divided into 14
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R 1 future needs. and recommend a system which will room. All six consoles have jdentical tefephone ter-
satisfy the requirements of the police department for minals “{‘d radio ‘—‘()'111‘.0h “u? two 3‘mhn zones are
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g o ather police departments were visited and computer- these positions receive dispateh forms for mohiles sent
f assisted system loading studies were initiated. This 0% by the other four opuo..s and it is their task to
i paper will present a summary of the results of the h:md.h:hck! mqmnv:s!mmlhg\c nmi:nlcx and |t|fr\11\;l!c
. ' study including thase major features of the proposed — mobile assignments. The third radio channel iy con-
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' communication system which may he selected for
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Description of the present communications system

Presently, the Metropotitan Police Department
operates four voice communications networks, a
teletype facility and various private telephone lines
and radio monitoring facilities.

The four voice communications systems are:

{. vehicutar radia netwark,

2. footman's radio system,

3. point-to-point radio circuits. and

4, portable radio network.

Vehicular radio network

The vehicular_radio_system, consists of a radio
contral room, 2 base transmitter sites and approxi-
mately 376 maobile units assigned to scout cars,
cruisers, cranes, the traffic division, patrol wagons,
harbor patrol boats and motoreycles. To control the
above units, 3 duplex radio chainels in the 150 MH/
band are available,
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Two status boards are available for keeping track
of mobile units, These boards are mups of the arca
with numbered lights, corresponding to mobile units
in patrol arcas, mounted on them. Dupljcate controls
for the lights are installed on the dispatchers’consoles.
Adjacent to the radio room is a supervisors office.
This office contains a large. radio console, a status
board which is a duplicate of the one in the rudio
room, and several private telephone lines in addition
to all controls available to the dispatchers in the radio
room. Therefore, any activities within the radio room
can he monitored and, i necessary, controtled from
the supervisor's console.

‘The footman’s radio system

This system is controlled at the precinet level. 1t
consists of a base transmittes semotely located within
the precinet heing served and individual portable units
strapped to the belt of eich toot patrolman. The port-

*Interim report on the Metropolitan Police Department project to study and
redesign the police communications system. )
Grant 071, is expected to provide a model system format for other large

Project, supported by OLEA
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able unit is set up as a selective call, tone coded trans-
mitter and receiver. Two duplex channels in the 150
MHz band are used in the footman's system. There
are seven precincts on each channel and voice comi-
munication can be established between footman and
base on the duplex link or footman to footman in
simplex mode. The base receiver for each precinct is
tone coded to cojrespond to the units working in that
precinct.

Point-to-point radio circuits

The point-to-point network in which the police de-
partment participates ipcludes the following agencics:

Fairfax County Police, Arlington County Police,
U. S. Park Police, Alexandria Police, Montgomery
County Police, Maryland State Police, Prince
Georges County Police, and Armed Forces Police.

The control console for this network is in the radio
supervisor's office. ‘All agencies on the 450, MHz
channel are equipped with tone ceded selective call
units.

Portable radio network

There are approxxmately 27 portable units avail-
able for civil disturbances work. One simplex channel
in the 150 MHz band is used in this network. Output
power of the quipment ranges from 1 to 10 watts.

Proposed system configuration

Because of the large number of vehicles which will
require radio communication, an attempt was made to
divide the group according to function and then pro-
vide as much flexibility as possible for links within
each group. The projected number of vehicles is given
in Table 1. This projection is based on studies and
recommendations made by an independent consultant
group and reflects partially the trend toward placing
foot patrolmen in mobile scout units. The total number
of 550 mobiles is an increase of 60 per cent over those
currently operating the police department.

The frequency allocation plan for all mobile units
is illustrated in Figure 1. In this system the city is
divided into three zones, each one being handled by
one primary duplex channel. Another duplex channel
is available for citywide coverage (CWI). Mobiles
working on these Tour channels would also have port-
able units to provide communications for officers
when they are temporarily outside their cars. Two
other citywide links are provided to handle the ex-
pcctcd volume of radio traffic, CWII and CWIIL
The Civil Disturbance. Units would operate in a
ponablc network on a separate frcqucncy

3

“.'
Table

Projected Number of Vehicles for the .
Washington, D.C. Metropolitan Police Department

Function 1 (Patrol and Investigation)

Scout Cars 170
Tactical Division Cars 35
Canine Cars 20
Wagons 15
Detective Cruisers 100

340

Function 2 (Traffic)

Accident Investigation Units 15
Traffic Cars 20
Motorcycles 50
Special Detail (Motorcycles) 15

100

Function3 (Administrative and Special)

Administrative Curisers 30
Morals Division 20
Youth Aid Division 20
Mobile Laboratory 5
Buses, Vans, Boats, Morgue 35
Wagons, Cranes 110

Total 550

Even though it is belicved that the use of foot patrol-
men will be de-emphasized, those remaining in service
and those who may ride scooters should be provided
with some means of radio communication. In order
to do this, the retention of one of the footmen channels
would be desirable. In this plan as shown in Figure 1
one footman, duplex channel is used. When the du-
plex portion of the channel is activated the portable
transmission is received by a tone coded satellite
receiver and the message is relayed to the com-
munications center via land line. This system would
require that the repeaters in each zone be receptive
cnly to tone coded portables operating in that zone.
This system will also be used by mobile personnel
when they are operating outside their vehicles. Now
that the basic allocation plan has been presented, the
primary and alternatec channel assignments can be
considcred.

hannel - assignments have been proposed which
.Mh things as hardware limita-
tions, maximum utilization of existing equipment, and
mobile unit integration along functional lines. In order

kY
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to provide sufficient channel capacity without pro-
posing an-overly complex system, it was assumed that
four addittonal frequencies in the 150 megahertz band
would become available and these frequencies were
used with those previously obtained to design a com-
munication system. Four of the additional frequencies
used are 159.240. 159.270, 159330 and 159.360
megahertz, These frequencies are normally reserved
for use by the forestry service but an effort is being
made to obtain a waiver for their assignment for public
safety application in the Washington; D. C. area. A
frequency allocation diagram for the system is shown
in Figure 2. Starting trom the top of this figure, the
first four blocks show the mobile unit frequencies
proposed for those units tabulated under function 1
in. Table 1 Approximately 60 units would be assigned
to cach of three patrol sones. Fach of these units
would operate on a zone channel and be capable of
switchmg o the alternate channel, CWIE Conversely,
the vehicles on CWI could operate on any of three
alternate channels making them compatible with pa-
trol vehicles in the zones. CWII is used as a duplex
channel for tratfic control and CWI1I1 has been set up
for administrative work and to provide communi-
cations for various divisions and maintenance func-
tions. The alternate channels available give all mobile
units the capability of operating on CWI.

Those administrative personnel who work directly
with the people operating in the three zones in the
traffic division. or on CWI should be equipped with
mobile units tuned to the appropriate channels. This
would have the effect of dispersing the 30 administra-
tive units throughout the six available channels, thus
relieving the wark load on CWI1II somewhat. It should
be noted though, that with a total of six channels, it
would be extremely difficult to give any one mobile

FIELD UNITS
AVAILABLE CHANNELS

ZONE |
CHANNEL |
55 SCOUT CARS
w1 5 WAGONS
ZONE 2
CHANNEL 2 ——————— =5 SCOUT CARS
W1 | 5 WAGONS
ZONE 3
CHANNEL 3 ———————a={ 55 SCOUT CARS
w1 5 WAGONS
CITY WIDE
cwW I
100 DETECTIVE CARS
CHANNEL | 20 CANINE CARS
CHANNEL 2 ——n
CHANNEL 3———— ] 35 TACTICAL DIV.
CITY WIDE
cwIr 15 ACCIDENT INVEST, UNITS
20 CARS
W I 50 MOTORCYCLES
15 SPECIAL DETAIL (MOT}
CITY WIDE
CW II 30 ADMINISTRATIVE
20 MORALS DIV,
20 YOUTH AID DIV
w1 40 MISCL.
CITY WIDE
CIVIL
CHANNEL 4 DISTURBANCE
UNIT
PORTABLE
, FOOTMEN
B S ——— e .
CHANNEL 5 SCOOTERS

Figure 2 IFrequency alfocation diagram

unit the ability to monitor radio activity for the entire
force. Communications for the footmen or scooters
will be controlled from the communications center
rather than at precinct level with the installation of
additional equipment as indicated in Figure 1.

Radio links in the system would be handled in the
communications center in the following manncr, as-
suming telephone central office zoning is not in effect
and that radio dispatching and telephone call handling
techniques are not changed:

Consoles controlling channels one through three
and CWI would share a conveyor belt. There would be
three consoles per channel. Any of the four channels
in this group could be controlied from any of the
twelve console positions, however, in priactice one of
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the three operators on each channel would answer
field inquiries and check mobile units in after assign-
ments had been completed. This “hot seat” operator
would also assign report numbers to units as needed.
The other eight dispatchers would intercept incoming
calls and assign mobile units on any of the three chan-
nels or CWI. They would then send the dispatch tick-
et to the *hot seat” operator handling the appropriate
channel, via conveyor belt. For field inquiriés re-
quiring teletype data or computer stored data, a radio
dispatcher would use the conveyor belt for access to
the computer console or the teletype room. If the
action were required on CWII or CWIIIL, the dis-
patcher would make out a card and send it to the
consoles controlling those channels.

CWII and CWIII links would be controlled in a
manner similar to that used for the functional group
described above. It is believed that a group of four
consoles would be sufficient to handle these two
channels, Two additional consoles would be manned
by clerks to handle telephone overflow and keep radio
room logs. Sufficient space will be provided in the
radio room for the addition of two more radio consoles
and several land line positions along the conveyor belt.
It should also be noted that six status display panels
have been provided. Four duplicate panels would
keep track of mobile units in zones one, two, three and
on CWI. The other two duplicate panels would indi-
cate the status of mobile units on CW1I and CWIIL

Car-to-car communications would take place at the
discretion of a console operator who could place any
channel in full-repeat mode so that all transmissions
from mobile units would be simultaneously re.broad-
cast on the base station frequency.

Communications center

The main features of the proposed communications
center will be briefly described in this section. Four
functional areas within the communications center are
the radio room, the monitor room, the emergency
room and the teletype room.

Radio room

Figure 3 is an end view of the radio room. The
shaded wedge indicated a dispatcher’s view of one of
the status display boards. Dispatchers would be
seated at consoles placed front-to-front sharing a
conveyor belt as shown in Figure 4, the radio room
perspective layout. Ali console positions have access
to the conveyor belt which also has a drop in the
teletype room. This belt can be used to shuttle data
between any of the drop positions. Radio dispatching
and telephone answering procedures have been
covered in the previous section.

Figure 3 — Radio room end view

Each of the consoles, with the exception of the com-
puter operator's console will have a 60 line telephone
panel with “touch tone™ units for dialing. In addition
to the normal radio controls, each console will have
audio monitor speakers for all channels which can be
controlled from that position. Muting controls will
be provided for these monitors with an inter-lock so
that it will not be possible to have any specific chan-
riel not monitored by a speaker. It will also be possible
to use a head set speaker and microphone at the con-
soles if desired. Insertion of a phone plug for a head
set would disable the panel-mounted speaker and mi-
crophone being used. Controls for the metropolitan
area point-to-point radio system will be at each con-
sole ““hot seat” position for zones 1, 2, 3, CWI
and at the supervisor’s console. Consoles 19 and 20
will be manned by clerks who will keep the radio room
log and answer telephones from the precincts or the
public as the work load dictates.

The four status display boards on the right in Figure
4 will be identical. They will have capacity for in-
dicating the status of 350 vehicles operating in zones
1, 2, 3 and on CWI{ channel. The two boards on the
left will also have a capacity for 350 vehicles and will
be used by the console operators working CWI{ and
CWIIL

A sample floor plan for the communications center
is shown as Figure 5.

Mgﬁtor room

The radio monitor room adjacent to the radio room
will serve two functions. During normal police rou-
tines it would be possible to monitor any of the com-
munication circuits used in the radio room to check on
circuit discipline and as a training aid {or personnel.
A tape recorder would be used to retain all voice
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Figure S — Communications center sample floor plan

communications on radio and telephone circuits. In
an emergency situation, selected police radio com-
munication links could be controlled from this room.
In addition, radio link or telephone terminals for all
participating public service agencies would be avail-
able at this location so that this room would become a
central communications room for personnel working
in the emergency room.

RADIO CONSOLES CONSOLE " RADIO CONSOLES
commvor . {8 ‘ ——
BELT STATUS BOARDS —=X____— 7
Figure 4 — Radio room layout
MONITOR o Emergency room
WINDOY ROOM : T s
—— EUL%%—*@— Presently the Metropcilitan Police Department has
0 Al e ooo an emergency control center in Lorton,  Virginia.
e D I 1] [T Thg primary purpose of this ceater is to coordinate
BOAR D @D j EMERGENCY ROOM civil defense efforts in case of nuclear bombardment
| | o ooa of Washington, 1D. (. For situations such as riots and
a D | I 1) L large fires, it would be desirable o gather together
L q D LOUNGE PROJECTOR @ representatives from the Melropolitan Police Depart-
| ’Q\ ment, Fire Department, Gas Company, Public Water
1 d b ] e k00 ’sfcm;\ STATUS Servi‘ce, .Park Police, Electric Company and so on ata
d D liavarony [ - = location in central Washington, D.'C. The goai would
be to have, in one room, key personnel from various
SWS] D _Z ROOM_SIZES organizations so that they could work together and
q 0 ROOM SIZE (SQFT) also have available communication links to their
] [ ::2‘;’;&"7“% ;"2:2‘2’ 'igg respective units. In addition, interested observers
a D E°°A‘:';E“T rxgﬁxﬁm lzzoxla: 300 or people who might be called for standby duty would
. . . . .
v voR s;gg:cs EQUIPHENT ROOM. 12 » 45 530 be readily available should assistance or advice be
LOUNGE 12215 450 needed.

} LAVATORY 12127 84 Each of the twelve consoles would have telephone
- . T TOTAL 3,982 and intercom equipment. The telephones would have
available a selection of private lines to all participating
D T agencies and a number of ontside lines. Intercom units
= E would be used for local communications with other
¥l moow L console positions, selected offices within the police
g headquarters building, operators at the status board,
projector position, or map and {o speak to the operator

in the radio monitor room.

Provisions have been made to keep track of events
by using a status board of some type, most likely a
black board, a large city or metropolitan area map
which .could be covered with overlays for marking
with grease pencil, and a projector with screen. In-
tercom jacks would be placed at locations where per-
sonnel updating the status display system could be
given instructions via headsets if necessary. It would
also be possible to install a large TV receiver for
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monitoring either commercial broadcasts or for dis-
playing video tapes made on a closed-circuit TV
system if the equipment is acquired in the future.

Teletype room

Services provided by the teletype facility will
remain essentially unchanged. There are three net-
works which have terminals within the teletype room.
A local network ties together all the ‘precincts, the
canine division. harbor precinct and the traffic divi-
sion, A metropolitan area net includes all those agen-
cies sharing the point-to-point radio network. Finally,
there is a terminal tied to the National Law Enforce-
ment Teletype system. In the near future, a data link
with the FBI central computer may be installed in the
teletype room.

Analysis

Two primary sources of input data were used for
the analysis of the radio traffic for the period April
3 through April 9. 1966. Audio tapes of ali radio
communications were studied and dispatcher com-
plaint cards. which contain pertinent information con-
cerning every assignment made by radio, were pro-
cessed by a high speed computer. The audio tapes
were used to sample message lengths and contents.
Circuit discipline and the use of the 10" series codes
indicate that radio time was being fairly well utilized,
The observed distribution of message lengths is shown
in Figure 6 and compares favorably with those mea-
surements made for other metropolitan communi-
cation centers. The average message length was 7.9
seconds and the average time of the total call was
11.9 seconds.
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Figure 6 — Distribution of message length

The channel usage factors determined from the
audio tapes were compared with the number of assign-
ments for a given hour as determined from the com-
plaint card study. The results indicate a clear re-
lationship as can be seen in Figure 7. The only serious
deviation from the pattern occurred at 11:00 p. m.
and 12:00 midnight. The audio tapes indicate very
high usage udring this period but the complaint rec-
ords showed fewer assignments than expected. The
validity of the data for this period was considered
questionable and they were not used in this analysis.

The relationship pictured in Figure 7 indica‘ed that
there is approximately 15 minutes of channel time
(total for both channels) per hour used in nonassign-

Table i1
Mobile Unit

Scout Partol wagon Cruiser Traffic
Per cent of total 76.0 10.8 7.4 3.7
Assignments
Average number of
Assignments per 0.98 0.79 0.25 0.60
car per hour
Channel time
required per 37.4 30.2 9.6 22.9
hour (sec)
maximum number of 48 60 182 79

cars per channel
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ment ealls. The correspondence can also be used to
show that on the average, each assignment requires
approximately 38.2 seconds of channel time.
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Figure 7 — Channel time requeed versus the number of
assignments
The dispatch complaint card study revealed that
approximately 76 per cent of the assignments made
by radio are to scout cars and that each scout receives
on the average of 0.98 assignments per hour during the
peak shift, that is, each scout requires about 37.4 sec-
onds of channel time per hour. Thus using 50 per cent
usage as the saturation level. the maximum number
of in-service scout cars that should be assigned to a
given channel is 48. The data were further separated
to determine the same requirements for patrol wagons,
cruisers, and traffic vehicles. The results are listed in
Table 1. Thus it is concluded that a single duplex
vhannel can accommodate 48 scout cars, or 60 pa-
trol wagons, or 182 cruisers, or 79 traffic vehicles if
these units continue to use channel time as they did
in April 1966. 11 should be noted that the impact of
increased use of one man scout cars has not been
considered.

Development of mathematical model

The operation of channels in a channel-zoned sys-
tem is independent. Thus, the most convenient ap-
proach is to develop the model for a single channel
and take advantage of the independence to extend
the results to a system involving several channels.

The model for a singie channel is given as

Pty = a" P (1)
where:

_rate of new calls
call completion rate

P.(0) = probability of channel being free

P.(t) = probability of n calls in the system
{waiting + in service) at time t

The expected average number of calls in the sys-
tem (waiting + in service) for such a channel is given
by

[
L= n P,(1) =
n;, " 1—a
Thus if there are ¢ channels operating independently,
but similar, the expected number of calls at any given
time in the system (waiting+ in service) is

co
| - ¥

Le=

Now let Q. represent the number waiting for service
in & ¢ channel system. Then L, and Q, are related by
the following formula:

Li=01 ca
Solving this expression for Q. leads to
Q.=L.~ca
or

Q_cozz.

T 1—a

In a publie service radio channel it is most impor-
tant that the time o message is in the system prior to
transmission be held to a minimum. This can be
accomplished by minimizing the number of calls
waiting for service, i.c., (.. Thus Q. is an effective
measure of the efficiency of a channel zoned com-
munication system.

The above expression for . can be modified to
consider the total hours of channel usage cexpected
during a peak hour. If « is the channel usage factor
and c is the number of channels, then the total hours
of channel time represented is given by

t=ca.

Solving this expression for o and substituting in the
previous expression for Q. leads to

where:

t = total hours of channel usage,

¢ = number of channels.

This expression is plotted for various values of t and
c in Figure 8.
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Figure 8 — Average number of delayed calls in a channel-zone
system
In order to better use this formula 2 critical value
of Q. has to be introduced. It was mentioned pre-
viously that the usige factor for a public safety radio
system should not exceed 0.50. Thus the saturation
value for Q. is given by

c (0.5

Oc= =05 = 0-5

The saturation curve is plotted for comparison in
Figure 8.

When two channels were in use there was a peak
hour requirement of 1.34 hours. The Q. for this con-
dition is 2.73 which is considerably above the satura-
tion level of 1.0. The addition of a ‘third channel
reduced to Q. to 1.09 which temporarily relieved
the congestion. The growth margin for the three.,

channel-zoned. system ts negligible in that &n addi-
tional 10 minutes of channel time during the peak hour
will bring it to the saturation point.

According to plans there will be approximately 545
vehicles made available to the police department
in the next few years. Under the assumption that the
channel time requirements per car will be the same
as those observed in this study and reported in Table
11, the total channel time to support the 545 vehicles
can be estimated. That time i 2.85 hours and as seen
in Figure 8 at least six channels will be needed to
handle the additional load.

In addition to considering a conventional communi-
cations system, a channel sharing system was invest-
gated in which the trunking advantages of selective
call. mode were presented. It was noted that the
channel sharing system had very good work load
characteristics especially because it was self-equaliz-
ing. However, when applied to public safety needs,
this system was found to be not as Xlesirable as a con-
ventional system offering full base station repealer
operation.
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