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THE EQUIPMENT SYSTEMS IMPROVEMENT PROGRAM 

Following a Congressional mandate* to develop new and improved 
techniques and equipment to strengthen law enforcement and criminal 
justice, the National Institute of Law Enforcement and Criminal 
Justice under the Law Enforcement Assistance Administration of the 
Department of Justice established the Equipment Systems Improvement 
Program. The objectives of the Program are to determine the priority 
needs of the criminal justice community to help in its fight against 
crime, and to mobilize industry to satisfy these needs. A close 
working relationship is maintained with operating agencies of the 
criminal j!lstice community by assigning systems analysts to work 
directly within the operational departments of police, courts and 
corrections to conduct studies related to their operational objec
tives. 

This document is a research report from this analytical effort. 
It is a product of studies performed by systems analysts of the 
MITRE Corporation, a not-for-profit Federal Contract Research Center 
retained by the National Institute to assist in the definition of 
equipment priorities. It is one of a continuing series of reports 
to support the program decisions of the Institute relative to equip
ment development, equipment standardization and application guide
lines. Comments and recommendations for revision are invited. 
Suggestions should be addressed to the Director, Advanced Technology 
Division, National Institute of Law Enforcement and Criminal Justice, 
Law Enforcement Assistance Administration, U. S. Department of 
Justice, Washington, D. C. 20530. 

Gerald M. Caplan, Director 
National Institute of Law 

Enforcement and CriID1na1 Justice 

* Section 402(b) of the Omnibus Crime Control and Safe Streets Act 
of 1968, as amended. 

_________ ~ ___ .,t!o'~_ -- -- -' 

SUBJECT: 

REFERENCE: 

BACKGROUND 

THE MITRE CORPORATION 
WESTGATE RESEARCH PARK 

McLEAN, VIRGINIA 22101 

(703) 790·6000 

8 January 1974 

SAMPLE SURVEY OF POLICE DEPARTMENT RADIO CHANNEL 
NUMBER AND US'g 

D38-487 
LEAA Directive A-73-045 

In r6sponse to Directive A-73~045, a survey has been conducted 

of a repres~ntative sample of police departments 1.) to determine 

the'~umber of radiO channels being used and their purpose, and 2.) 

to analyze the factors affecting the number of channels in use. 

The data collection and analysis for this was performed by 

several of our Field Site Representatives under technical direction 

from the Representative in Indianapolis. 
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I 
I In response to LEM Directive A-73-045, a study was made of police 

l~adio channel usage in order'to assess whether the LEAA-supported portabl.e 
provides sufficient channel capacity to meet user demands. 

, The study included examination of current c.hannelizati~n practi~es 
'natio~~de; future plans of selected larger cities, and b~g pract~ces 
and development.trends. 

As ~ result of this study the following conclusions and suggestions 
are ~de: 

~. 

2. 

~ge~ cities (particularly those with po~~t~o~s 300,000 
or greater) a.ppear to constitute the most s~gru.i~cant market 
.tor portables~ Howev~rr it ~Pgears in general. tnat the 
LEAA portable Hill not be competitive, in this ~ket with 
higher-capacity portables now commerc~ally ava~l.ble from 
four major ~nufacturers. 

Portables do not appe'ar to be competitive with mobiles for 
state law enforce~nt operations; it does not appear t~t 
sta tas should. con3ti tute a signiiicn...."lt mar}\at for portaclas. 

:3. The LE.AA portable appears to provide adequate capacity for 
. most counties, tOl.'7lShips ar.d sr:l?ller cities. As an aggregate, 
the potential of this ma~ket appears to be significant. 

4. There is considerable doubt that crossbar.d capa~ility for, 
~ portable is a significant, widespread :need. ~,o . commerc~a.lly 
av~ble portable now provides cro~sband capa~~llty. and no 
respondent to the 1972 LEU comrmmications equ~pment survey 
cited the need for such a capability. 

s. Effective and efficient utilization of available channel 
capacity is now limited by the universal reliance on voice-op~ 
portable communications and on the de~icated ap9ro~ch to c~a:~el 
allocation and use. However, commerc~al development inter~su 
appears low in vo~ce/d~ta portabl~s ~nd in com~on-user systems 
operating in VHF and uri? under pr~or~ty control. 

6. Consideration might be given to development action to ~ncrease 
the channel capacity of the IEM portable. Such a d:c:LSion 
should. be based upon convincing evidence that sOr.le~hmg tet~er 
or cheaper would be provided than would be c~mmerc~ally ava~la?le. 
Commercial sources have indicated that the e~ght channel portaole 
represents a practical design limit. 

As an alternative to, or in-addition to, increasing the,channel 
capacity of the LEAA portable, consideration ~ght,b~ gLven to: 
(~) development action to provide portables ~th ll1ll~ted data 
I/O capability, and (2) develo~~e~t of shared-ch:nne~ ~Jste~~ 
under priority control which pro~de for mor~ eflectJVe and . 
efficient, chan..:.el utill:.ation, thereby rcduc~ng channel capac~ty .. 
requirements for field radios. These areas app~ar t~ be a~tract~ve 
candidates for LEM support, since corrmerci;J.l development m these 
areas_~_~agging. 
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. PROBLEH S TATEHENT 

The channel handling capacity for the LEAA-supported portable transceiver 
was specified several years ago. Its capacity is four channels (four frequency 
pairs). A question has arisen as to whether this capacity is ade~uate 1n 
the light of current and projected user demanis. 

APPROACH 

Three steps were taken to estimate the cap~city demand for portable 
radios: 

DISC:USSION ' 

a review of. communications ~~estionnaire responses 
resulting f~om ·the 1972 LEA! Police EquiP,Ill9nt SUrvey. 

a review of current channelization practices and future 
P~ of selected larger cities, and 

consultation with major manufacturers to asce~tain current 
~ing practices and trends • 

~. Police Communications Egui~,ent surv~~ 

SUrvey results were reviewed in order to get a national picture of 
CllrI'€mt usage and e:xpressed needs for personal portables, .;md to determine 
portCilble channeliz,ation and networking characteristics to the extent 
pennitted by the questionnaire responses. 

While the survey includes information on mobile and port.ble frequencies 
utilized by several hundred deDartrr~nt3, e~~ation of the q~estionnaire 
responses revealed errors ;and misinterpretation concerning simplex and two
frequency channelizat.ion. For e:x.ample,460 MHz frequencies with 5 HHz separ
ation (for send. and re'ceive) sometL"l8s were counted as two channels. In 
other words ~ the number of channels i.T'l an oDer.atio!l:ll sense was overestimated. 
The survey did not explore how channels are-utilized operationally, nor did 
it query concerning net'lorking schemes to permit portables and mobiles to 
operate cooperatively. H01-leVer, it was possible to infer some networking 
arrangements by examini.ng the specific frequencies employed. Because of the 
pr,?mise of anonymity made to respondents. it was not possible to identify 
the departments for follor; up to correct errors and to identify operational 
usage of channels. Instead. a separate survey was made of several larger 
cities to ascertain current practices and future plana. 

The 1972 survey results indicate that new equip:nents, additional channels 
and personal transceivers for each officer are perceived as critical 
co:r.munications needs by about 44% of 428 respondents. Among the IEAA 
Regions, departments in Regions 5 and 9 reported the gr~~test need for 
portables (55 and 58%), while Regions 8 and 6 reported the ,sn~est need 
(21 and 35%). . 
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Notwithstanding the finding that the largest cities accounted for 
.72% of all portables owned qy 348 departments, these cities noted a critical 
need for additional portables (74~ of 46 responding), whereas states 
iniicated the lowest need of all department types (21~ of 47 responding). 
Near~ half the largest cities also cited the need for additional frequencies; 
more ch~eLS w .. s the greatest need cited b.y the states (57%). 

Almost full usage of authorized channels (86-95%) w~s reported for 
each department type. Only 21% of 310 departIr.ents report'Sld using more than 
one frequency band. Seventy percent of these were low' band arLd high band 
or low band and tniF combinations. This latter fiming is significant- in 

,that the LEAA portable was designed to transceive in only high band and 
UHF combinations. For 247 cities, it was noted tb.At thert~ WaS a lower 
average number of channe1z used with portables (2.9) than with mobiles (3~2). 
According to the survey, transmitting and receiving frequ(mcies were 
generally about the same (90% of the cases) except for the largest 
cities (43%) and cities with 50 or more officers (77%). 

Findings concerning average numbers and ranges of high band and UHF 
channels used with portables are given in Table 1. From this table, it 
can be concluded that the LEAA portable on the average provides adequate 
~pacity for all department types other than states ar.rl the largest cities. 

In response to the open-ended question: ~What are yot~ most serious 
problems with communications equipmentP, no jurisdiction cited channel 
capacity limitations for mobile or portable radiOS, or crossbanding, as 
problems. (Commercially available radios now ,provide up to 8 channels 
£or portables and 12 channels for mobiles.) OVercro-..rding and congestion 
of channels, hO~'lever, was the most frequent~ mentioned problem (20% 
of respondents). 

Review of Current Practices and Future plans 

The demand for additional channels, as reflected in the results of 
the 1972 survey, can be explained in large measure by the fact that 
police com,'uun:ications channels are very inefficiently utilized. There 
are two principal reasons: (1) all police cO~1mnications sYstems are 
dedic'~ted i- (2) two-frequency channels are utilized -extensivelY-in la-' r-g-e-r-----
cities with transmit frequencies used to automatically re~ all incoming 
trai'fic back to subscribers. 

TYPically, channels are dedicated for one or more 'of the purposes 
implied in the listing in Table 2. One result of this practice is to 
reduce the nu!n.ber of usable channels for a given radio assigned to a 
particular field unit operating in a particular area. On the other 
hand, such dedication increases the probability that one or more chann91s 
will be saturated during periods of peak de1~, 101hich leads to a requiro
Illent for additional dedicated channels. .Horegvere departments prefer to 



Table 1 

HIGH BAND VHF AND UHF CHANNELS UTILIZED \b:ra ~RTABU: RADIOS 
(1972) 
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''Xable 2 

TYPes of Channel Dedication 

·Jl.U"iSdiC:~iDn (e.g., city, county) 

Class o.f Use (e.g., police, fire, ambuJ,.ance) 

Load Distribution (e.g., Sector At Sector B, city~wide) 

'lYpe o.r 'Function (e.g •• traff;i.c, patr0l. investigation, emergency) 

: Type of Radio. {e.g., mobile, portable, satellite rec;eiver) 

-Operating Hode (e.g., voice, data, secure) 

Duple xing 

. ' 

bqy multichannel radios equipped to operate in as many modes and locations 
as possible with additional capacity for growth, in order to simplify radio 
handline. recharging and r.14lintenance, and to insure a: long period of useful 
service life for cost amortization. 

, Dedication increases the difficulty of timeJ.y coordination among units 
using different frequencies. The greater the need for coordination, the 
greater the need far addi tiorutl channels just to mai."1tain adequate 
co.mmunications continuity_ Frequencies are sometimes dedicated 
specifically for total area ~ro~dcasts, or are used unnecessarily to relay 
co.mmunications. 

Table 3 lists the types 0'£' police networks now in existence. There 
are t'1-TO general types; use of the ter:ns simplex and duplex in police systems 
is not rigDrous in an eneineering sense, but these terms are commonly used to 
denote types of operation, as the table indicates. 

~he alternatives cited in the table are listed in order of efficiencyo 
The most efficient system is patently a single frequency system. HQ\OTever, 
such a system is uncontrolled and it saturates easily, making it a 
preferred candidate for only small departments in locations not 
susceptible to. heavy message traffic or to L~terference from other userso 
Tiro frequency systems, wherein dispatchers and field units tralliJrnit on 
ditf~rent frequencies, provide some control at some expense in efficiency. 

All systems commonly used, excepting single frequency and wasteful 
duplexed uystems, do not permit field units to receive each other's 
transmissions. ~~o problems arise from this: (1) users block each 
other's bro~dcasts because they do not know when their frequency is 
beinS used, and (2) broadcasts of general interest, e.g., a fleeing 
suspeet, have to be rebroadcast, thereqy increasing the dispatcher's 
,frequency utilization and workload and introducing delays in the response 
o.~r all field units. 

As an alternative to dedicated systems, n recent study has pointed 
up the potential utility of ·a shared-channel system with selective 
addressing, which utilizes a data channel l' Dr channel allocation and use 
un::ler priority control (Refe:rence~ K(TRE Hemo DJ8-H71-lD). Theoretically, 
ldth such a system, a four channel portable with a very limited data 
I/O capability could provide far more usable channel capacity than an 
eight channel nortable ooerated in a dedicated network. The rationale 
'and uses for two types of VOice/data portables are explored further in 
MITRE Hemo D38-H47-ID. 

To ~nxm up this section, dedicated systems are both inefficient and 
ineffectiv.e, but their usage is perv~sive. Mule such systems result in 
a condition wherein only a small nUlnber of channels may be used for a 
particular purpose at a particular location, other factors mitigate to 
encourage users in the larger cities to sel~ct portables with a l~ger 
charmel capacity. Given a choice between a four channel and an eight 
chaMel portable for a dedicated network, it ;l.ppears that most larger 
cities would opt to buy the eight channel portablo • 
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TabJ.e J 

Types of police Uetwor~ 

, ' , .. ' . ,'. .. ~' .. ' , , 
,>, 

Single Freq,uency (Sirnp;tex) 
. d USA on a first-come,first-served basis 

~ subscribtert c~~S~~~:r~ubsc;iber within ran~e ' 
to broadcas 0 a·v ..... 

Two Frequency -

dispatcher and field units 
frequencies: 

transmit to e~ch other on different 

a. Simplex Design 
no field unit can transmit directly to 
another field unit 

b. 

c. 

d. 

. .' _ field radios are equipped so that 
Simp1e~Plu3 D~sJ..en be'''''; tch~d to transmit to 
, they can s....... ". ' r7 

th . f' ld units with:Ln ranee, uSJ..no 
o er J..e ( l' ct 
the disna tcher' s frequency SUDJ e rrid"') 
to dispatcher interference and ave ~ 

D' ld un~t h~ars everY other 
Half-dunlex D~sJ.gn - eve~t.l.J.~ b s; s+ ;tion relay (it 

field unJ. vJ.a a ~ d t 
is asslli~ed that field-o~iginated a a 
would be r~lay~d selectJ.V~ly) 

.,nv subscri~r can relay Full-duplex Design - -'v 

" 

.... , 

, 

I 

./ .. 
" 
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Results of the LEM 1972 survey and the dther stud:i.es cited indicate 
that the focus of concern about the channel handling capacity of the LEAA 
portable should be the larger city. For counties and smaller cities, a 
portable with a capacity of 1-4 channels appears generally adequate. 
While states typically operate with more than four channels, their demand 
t~r portables appears limited. Nobiles provide a better alternative since: 
(1) most of the state operations directly involve the use of a vehicle, 
(2) mobiles can provide more chan.l1el c.ll.pacity than portables, and (3) 
~obiles have a much longer effective range •. 

Examples of operational utilization of frequencies at several large 
cities are given in Table 4. Examination of these data suggestJadditional 
factors bearing on required portable capacity. For e.xample, Los Angeles 
(not included in the responses to the 1972 survey) is SO large that it 
is decentralized and. in effect, operates as smaller cities. Their current 
portables are normally equipped to operate with up to four channels,. 
Dallas, either by choice or because of propagation limitations. only 
uses portables as ancillary cOmJ1U.l.nications, whereas South Bend uses 
portables exclusively (in arrl out of the patrol car) 0 Thus, South 
Bend employs th~ee channel portables and Dallas two channel portables, 
notw3 "hstanding that DaD..as patrols over 13 times the area, am patrols 
over ~ive times the population. 

Discussions with Ha,jor l1anufacturers 
:..:;'; ..• ":.,-.:; ~-":':."'-: .. --':"" .. ..:. 

Sales and technical representatives Clf Hotorola, RCA and General 
Electric i...,.ere contacted to ascertain current bUYing practices of law 
enforcement agencies and projected trends. 

The channel capacity of the various models of portables now commercially 
available is two, four, six or eight. An eight channal capacity is regarded 
to be a practical design limit, and RCA has recently joined General Electric 
in offering an eight channel model. 

Wh~le the ~mphaSi3 in the responses o£ the manufacturers differed 
(primarj~ attr~butable to differences in partiCipation o~ each comoa~ 
in the total market), the consensus is that, with a continu~tion Of·' 
current s~s~em ~esign practices, the LEAA portable is not l~e~ to 
be comp~t~tJ.ve m the larger city market (particularly in cities with 
PopulatJ.ons greate~~ than 300,000). but that the portable'should provide 
adequate c-.paci'ty lo;r most smaller city .Il.pplications. 

None of the Ill:lnufactu:ers produce a VHF/UHF portable; the representatives 
contacted expressed the 0pJ.nion that there is not -. significant need or 
market for such a capability. 

CommerCial interest at this time appears low in development of voice! 
data portables, and in development of common-user systems operating under 
priority control. 
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Table 4 

Examples of Current and Projected Channel Utilization at Larger Cities 

Population 
(1970) 

2,816,061 

844,401 

715,674 

490,442 

Patrol 
Area (SqM) 

Frequencies/Channels, 
Now Utilized 

Portable 
Channelization 

464 . High Barid Patrol: 
5 Xmt(duplexed) 
18 receive 

1 simplex 
3 tactical simplex 
1 investigation 

simplex 
2 UHF investig. 

297 12 UHF: 

49 

95 

5 sectors 
1 traffic 
1 data 
1 city wide 
1 administration 
1 criminal investi

tat ion 
1 intelligence 
1 special ops. 

4 Low Band 
3 sectors 
1 traffic 

1 High Band 
1 Investig. 

2 High Band 
2 sectors 

1 UHF 
1 investigation 

same (normally 
equipped to operate 
up to four channels. 
no Division has >4) 

same (normally buy 
for two ch. operation) 

6 UHF, 3 city-wide, 
~\ sectors 

same 

Projected 
Frequency Plan 

UHF plan in process 
of development 

I-watt portable !~ range
limited witn onlf 8 satellite 
receivers - Dallafu trying , ' 
mobile relay 

Current System Adequate 

I 

2 High Band: mobiles and direct da' 
6 UHF, portables: 3 sectors, 1 dat~ 
inquiry, 1 traffic, 1 invest. 
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Table 4 (cont.) 

Patrol Frequencies/Channels Portable 
City Population Area Now Utilized Channelization Projected Frequency Plan 

Toledo 383,818 86 6 mtF sr . ...! Current Syst~m Adequate 
2 sectors 
1 traffic 
1 investi-

gation 
1 not used 

Newark 381,930 23 2 High Band same ,2 High Band 
2 sectors special events 

2 mtF 6 UHF 
1 tactical t~ sectors 
1 investig. 1 city wide 

1 data inquiry 

Miami 334,859 34 4 UHF same Adding 1 mtF channel fdt 
3 sectors (half investigation 

,- duplexed) 
1 city wide 

. 
Fort Wayne 178,021 52 6 mtF same (normally buy Current System Adequatfl 

2 sectors for four channel 
1 traffic operation) 
1 administration 
1 investigation 
1 not used 

South Bend 125,580 22 3 mtF same (use portables Plan to dedicate an 
1 area (shared in and out of cars additional UHF channel 
with Mishawaka) in lieu of mobiles) for investigation 

1 sector 
1 traffic & investig. 
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CONCLUSIONS 

On the basis of the findings, of this study, it is concluded that: 

1. Larger cities (particularly those with populations 300,000 
, or greater) appear to constitute the most significant market 

tor portables. However, it appears in general that the 
!Ell portable will not be competitive in this market with 
hi'eher-capacity portables now commercially avail.ble from 
four major manu..facturers. " 

2. Portables do not appear to be competitive with mobiles for 
state law enforce~nt operations; it does not appear that 
states should constitute a significant market for portables. 

3. The LEAA portable appears to provide adequate capacity for 
most counties, t~NTIShips and smaller cities. As an agf~egate, 
the potential of this market appears to be significant. 

4. There is considerable doubt that crossband capability for 
a portable is a $ignificant, widespread need. No commercially 
available portable nOH provides crossband capability, and no 
respondent to the 1972 LEAA communications equipment survey 
oited the need for such a capability. 

S. Effective and efficient utilization of available channel 
capacity is now limited by the universal reliance on voice-only 
portable communications and on the4edicated approach to channel 
allocation and use. However, commercial development interest 
appears low in VOice/data portables and in common-user systems 
ope,rating in VHF, and UHF under priority control. 

SUGGESTIONS: 

It is suggested that: 

1. Consideration might be given to 'development action to increase 
the channel capacity of the LS~~ portable. Such a decision 
should be based upon convincing evidence that something better 
or cheaper ,'muld be provided than would be commercially ctvailable. 
Commercial sources have indicated that the eight channel portable 
represents a practical design limit. 

2. As an alternative to, or in addition to, increasing the channel 
capacity of the LEAA portable, consideration might be given to: 
(1) develo~~nt action to provide portables with limited d~ta 
I/O capability, and (2) development of shar9d-ch;annel systems 
under priority control, which provide for more effective'and 
efficient channel utUization. thereby re.ducing channel capacity 
requirements for field radios. These areas appear to be atb'active 
candidates for LEAA support, since commerci~ development in these 
areas is lagging. 
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