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Foreword 

This request for technical assif;tance was concerned with evaluating 
means of overcoming inadequacies in t.he Montgomery, Alabama, Police 
Department radio conununications system. 

Requesting Agency: 

State Planning Agency: 

Approv,\.ng Agency: 

Montgomery, Alabama, Police Department, 
Chief E. L. Wright, Jr. 

Alabama Law Enforc:ement Planning Agency J 

Mr. Robert G. "Bo" Davis 

LEAA Region IV (Atlanta), 
Mr. Donald M. Manson, Systems Specialist 

~_ .. __ . ____ ---""~' _._ .. _==_=e':t_w=~=-=" =H="=)W="~="=="=""' ======_=== ... ~If;l1!:t1=q",, _____ ,, _____ "' __ ~"'Ii'I_tlwtWtMNidfriliWA'J 

.. 

, . v, ~ •. 



Contents 

,. 

1. Introduction .............. , ..•...........•............. , 1-1 

2. Understanding of the Problem ............................. ,;' .. 2-1 " 

3. Analysis of the Problem ...•....................• ' ......... . 
:5.1 System Description ............•.....•..••............ 
3" 2 Interference ...... " ~ .... 4' •••• It ..... II ... " • II ........ " .... " •• 

3.3 C!i..)verage ... " ~ ...... ., " " ............ to ......... , ...... ~ ......... 0..". 

3.4 Potential System Improvements ...•...••......•........ , 

3 -1 
3-1 
3-2 
3-8 
3-9 

4. Findi"pgs and Conclusions .............••....•.. ~ .........•. 4-1 

5. RecO"mmenclations ............... : ..............•............. 5-1 

Figures 

Generalized Cost/rime Relationships ......................... ;,. ....... ' " 3-13 

Tables 

3-1 Nearby VI-IF Users .. ~ It ............. , ........ ' ... " ............... il •• • ........ . 
3-6 

3-2 In·termodulation Analysis Summary ..•....•............•..... 3-7 

SY,stem Improvements .........•........•••...•...•........... 3-10 

Appendix 

A Authorized and Planned Georgia Users Conunon to 
Montgomery, Alabama, Frequencies .....••..••.•.•.••.....•.. A-l 

,-----------------_.&.----



, .,~.;, .,.,_'...,.M...,. .... ~ .. ,~ •..• ~,r, • 

OJ' 

':;~; ! 

i" 

" .' 

""l, ----..,...---------~--------------~, ... ';r\~~ . .'.,<-: --~,=,,=<.-.= ... =;~..,,= .. -.. = .. = .. "¥"=.~ .• = .. -=, ... ~,=<-.=.~;=;==~=-= ... ~~-~ 
r .~~~ 

II~~I][! 1 
. ~~~ 

, \"'T t fi 

l'~l? 
',I'r',:] 1. INTRODUCTIO~ 

The Alabama Law Enforcement Planning Agency (ALEPA) desires to, ensure 
,,

; \' ',r ;:\:, that adequate ':la\~ enforcement communications are being achieved bY,all 1m., 
enforcement agencies and requested that the "in state" communicatioris 

'1,!~,~',I',I~,",',i_l11:'" engineering expertise be comp1ement~d by engineering assistance in review-,.;:!/,\;<: 
,", ing the Montgomery, Alabama, law enforcement communications system. Tech~Wr\:'-;,~" 

nical assistance was l'cquested to investigate the "dead spots" and inter- '.' 
;.',i"',r,"'-~~,, state interference that is experienced by the Montgomery Police Department, 

" to evaluate the existing communications system, and to provide reCommen-

I 
dations for improvement. The technical assistance provided was structured 

r I I ~ , 
t, ',",[' J to permit the c

d
onsu1 tant t s participation as ~( tp-am member in an. "ad hoc" 

group comprise of members of the Alabama Law Enforcement Plannlng Agency) 
the ALEPA Communications Technical Advisory Committee) the State Office of 

I,:, "'.I".ll, Telecommunications) and the Regional Office Systems Specialist. This 
I: - conuni ttee reviewed in detail the law enforcement communications l~ystem 

in Montgomery, Alabama; several system changes that had been made in 
I IT dealing with the local interference conditions; and the causes for communi-
~ ~ cation interference caused by out-of-state agencies. The Consultant visited 

,
.,.1" both Jackson) ~lississippi, and Atlanta, Georgia, to review the Police 

I n 
Dekartmentts communications systems and discuss the interference situations 

l, with radio engineers in both of these cities. 'T ;, 
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During the course of performing this technical assistance, the Con­
sultant discussed the Montgomery communications system Nith the following 
individuals: 

LEAA 

ORO Region IV J Mr. Donald Manson, t~ystem Specialist 

Alabama 

~!r. William Yates, ALEPA Communications Specialist 
Chief E. L. Wright, Jr., Montgomery Chief of Police 
~(r. N. Butler, State Office of Telecommunications 
Lieutenant C. E. Pyle, Communications Technical Advisory 

Committee (CTAC) 
Mr. T. Norwood, Communications (CTAC) 
Mr. Robert Champion) City of Montgomery Communications 

Engineer 
~Ir. T. Garrett) Communications Technical Advisory Committee 

(CTAC) 
~lr. A. Plan, General Electric Regional Sales Office 

(Equipment Supplicr) 
Mr. Ralph Williams, Montgomery Police Dispatcher 
Officor Rcyno1ds, Nontgomery Police DispatchC'r 
Officer Jones, MO,r,ttgomer), Police. Dispatcher 

1-1 
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Mr. George E. Donavan, Superintend.ent of Communications 

for Jackson 
Sergeant C. C. Gholson~ Ja'ckson Police DeptlTtment 
Captain Fisher) .Jackson Police Department 
tvlr, Glenn Robinson, ~Iississippi Division of Lm.., Enforcement 

Assistance 

Georgia 

Mr, S . Flynt J State Office of Telecommunications 
~Ir. T. Case) State Office of Telecommunicatiol1s 
Mr. R. Billings, Atlanta Police Department Communications 

Specialist 
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2. ~ERSTANDING OF THE PROBLE~I 

Fot' SOlne tine, the City of Montgomery has been experiendng problcm~ 
\."ith their eXisting conullunicat'i.ons system. As channel usage has increased, 
the sevel'ity of these pl.'obl(;ms has become incl'easi.ngly noticeable. 'n,esc 
problems have beon described by the Police Depal'tment, the Alabama Office 
of Telecommunication;;, tho ALEP;\ Communications Technical Advisory Committee,:' 
and the City Communications Bngineel' as falling in two arcas: (a) Car-
to-car coverage, and (b) intc)1'ference. Both of these problems occur 
frequently and hinder the Pol icc Department's normal oper.ations. 

A great deal of tlin state" communications expertise is available and 
has resulted in many system changes being made to impl.'ove the communi­
cations syste,m performance. This expertise has explored bnth near-term 
and long-term system improv(f.m~:'mts and has taken significant steps to 
imp-rove performance. Since the interference problems involved other 
areas packson) Mi.ssiss ippi; Atlanta, Georgia; and others) not in 
Alabama, a radio engineer provided undel' the National Technical Assistance 
contract \'las requested to stlpplement the State I s expertise in revim'ling 
and recommending improvements to the situation. 

The Consultant was requested to conduct a brief revie\'l of the Alabama 
Lm." Enforcement Communications System Master Plan, to review the communi­
cations system {.letai Is in Montgomerr l and to coo:rdinate the interstate 
analysis of the communications 5),stcms that lI'ore identified as causing 
interference with the ~lontgomery Police Department Communications System. 
Site visits to Nontgomcry, Jackson) and Atlanta ,~ere ronde to establish 
the detailed situation that exists and to explore the systems impact thnt 
would result from the £in0.1 rocommendations. 
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3. ANALYSIS OF THE PROBLEM .... 

The approach fQllOl'Jod b)t the Consul t.ant in reviewing the ~Iontnomcry 
communications system cons:i:ltod of an infol'mation~gathcring period in 
which the s'tatclddc law enfo:'('ccment communicntion plan 1"0.5 rovim ... ed and 
detailed discu~sions \'/ere conductect \'1ith all individuals l'lho II/ore fmnilinr 
\'lith the police communicn.tions systems configurations in Montgomc-ry, 
Jackson and Atlanta. This informationNa5 assembled into n systematic 
description of tho system cl1aroeteristics, and an engineering assessment ~ 
1\'[1S made of the situation. The recommendations that l'csulted from this 
analysis are based on both obse:r.'ved and expcctcll system pm.'formance for 
the configuration that presently exist il\ the cities involved. 

3.1 System Descripti~ 

'rhe Alabnma Lm'i Eniol'cement Conununicntions Plan outlined severnl 
guidcli~es that mQld the structure of Al(tbama l.m'l Enforcement Communications 
Systems. These planning guhlelinos allo\~ for individual flexibility to meet 
special requi.!'ements yot provide fOl' orderly changes and systt'1rI improve .. 
mants to be mado. The existi ng ~rontgomel'Y Communications System complies 
wi th the intcl\t of this Qvcl'all State pion. 

Infol'matiem gothcl'cd during the site visit to Montgomery sho\1od that 
the Police Department consists of approximately 320 s\\'orn officers) 
covers an r..rea of about 400 squol'e miles) and serves a population of 
approximately 170 ~ 000. The ~Jontgomcl'Y} Alabmnn, Poli ce. Communications 
System is authorized to operate on fi\'o VHF band channels from t\.;o ba.se 
station translOli tter antenna sites. Both of the locations a1'e in use. 
The authol'izcJ frequencies and their locations are listed below: 

Frcquencr 

155.520 NHz 
155.190 Mlh 
155.625 MH:! 
155.415 MHz 
155.415 MHz 
155.010 MHz 

Location 

420 N. Jackson St:rcet 
420 N. ,lackson Street 
420 N. Jackson Strc~t 
420 N, Jackson Stredt 
California Street & Opper Wetumpka 
Califol'nia. Street & Upper Wetum!)ka 

All channels are operated in the single-frequency s;i1nplex mode. The 
transmitters at the Police Station Tower S1 te arc op~l'ating at reduced 
PO\\'Cl' (aPP1'oxintatcl)' 55 watts) and those a.t the Tomoto site at their 
authot'ized pot.:er of 330 watts, All antennas are 6~dB omnidirectional 
types. 'tho :lntennns o.t the Police Station are located on a 200- foot radio 
to\,'C'l', \\'i th 'the l'ccei VOl' ante-nna moun ted on the top ~ thus lllak ing its 

itotal cffC'ctivo hei~ht approximately 219 feet. The antennas at tho remote 
site are loca.ted on an 80-foot tower. The receivers at the Police 

3-1 
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Station site have had som0 filtering added to reduce interfel'ence~ and 
the system configuration has been reViel'led to isolate subsystem components 
that have been identified as contl'i.butlng to the inte:r.fe1.'ence di fficul ties . 

The, Jackson, ~lississippi I Police Department is approximately 225 
. m.i1es from Montgomery) Alabama, and is authorized to use the six VHF 
channels '}i'i:ii:cd beloN from a single location at 2320 Rlvcrshle Drive;. The 
transmi ttel~ po\':er and antenna height being used on the main dispatch'I;.,.",!"",;·' 
base station channel is',:f:1so shO\vn below. -,;:.,~;~. 

Frequency 

154. 740 ~1Hz 
154.830 MHz 
155. 070 ~IHz 

155. 415 ~lHz 
155.490 ~JHz 
159.090 MHz:,' ,.' , 

Input Powor Used 

200 \~atts 
(Mobiles) 
275 watts 
275 watts 
(Portables) 
(Motorcycles) 

Antenna Height 

210 feet 

242 feet 
185 feet 

The ba~"k's"t~~fions a:l.'c operat ed i,n the single-frequency simplex mode . 

. ThE,\ Atlanta, Georgia, Police Department is approximately 175 miles 
from Montgomery, Alabama, and is authorized to operate on VHF Band Channel 
of 155.625 ~n-Iz \\'hich is common to the Montgomery, Alabama) authorization. 
This channel is used in a mobile relay mode continually by npproximately 
95 detective Cal"S and 135 portables operating in Atlanta. Future plans 
aTe to add 35 additional airport police units· to this channel. 1'his 
channel is also used as a backup dispatch channel for 155.700 MHz. The 
base station operates at approximately 175 watts input pOWEll' and uses a 
6-dB omnidirectional antenn'a. The antenna is located app:l.'oximately . 
255 feet above the earth. A tower mounted on a building neal' the 
Police Station is used as a support for this antenna. 

3.2 Interference 

The t--Iontgomery) Alabama, Police Department is licensed to operate 
their radio system on two VHF frequencies (155.415 and 155. 625 ~n-tz) that 
are COlIDnon to those frequencies in use in Jackson, Mississippi, and 
Atlanta, Georgia. The Jackson. Mississippi, Police Department uses 
155.415 ~U'lz as one of their main dispatch channels. The Atlanta> Georgia, 
Police Department uses 155.625 ~ffiz in a mobile relay mode for coverage 
to detective cars and several portables \'lorking in a section of Atlanta. 
Several otl,er Georgia Police and Sheriff Departments at various distances 
from r.lontgomery have frequencies that are common to all of those in .use 
in Montgomery, Alabama (Le.) Berrien County Sheriff 155.190 MHz. 

",':1,1'" 

Berrien City -- 155.520 1>1Hz. etc.). A detailed list of aU Georgia on-channel 
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users \Vas obtained from the State Office of Telecommunications' in Atlanta 
and is ir'lcluded in Appendix A for rafel'ence. Because of the distance 
between the stations having cOliunon frequencies (Montgomery, Alabama; 
JacksoTl) Mississippi; and Atlanta, Geo;l.'gia) the topographical features 
in the area, the antenna heights and Ibtations, '~the receiver sensitivities) 
and the operating po\Ver of the stations, it is reasonable to expect that 
spol'adic communications interference on channel \Vould be experienced. 
Depending upon the propag;l:ttion conditions that .t;lxist ~ observed signal 
strcDgths could be stron~(eno~lgh to produce destructive-type inter~ 
ference on the ~'Iontgomery police frequencies. 

VHF radio waves normally travel in stJ.'aight lines: however, conditions 
can exist that cause them to do otherwise. Because of this straight-line 
(line-of-sight) propagation, VHF communications tend to be local in charac­
teristic covel'ing only slightly more than line-of-sight distances. Al­
though this type of communications is the normal planned usage for VHF 
systems, there are many ways by which the VHF wave energy can be reflected 
re£racted~ or sl~attered allowing communications to take place at distances 
greater than line-of-sight, Because of this; the FCC Rules and Regulations, 
Part 89, Public S<l.fety Radio Services, :require that an analysis of prob­
able interference be performed fOl~ all stations operating on the same 
channel \.,.i thin a 75-mile radius before an authorization to use the fre- " 
qur:mcy will be made. This l'equirement results directly from the known 
potential on-channel interference that can be caused by nearby stations; 
ho\<Jever J under many cil'cumstances interference from distances greatly 
exceeding the 75 mile l'ange can be experienced. Antenna height and gain, 
transmittcl' power, recei vcr sensi tivi ty, and atmospheric conditions 
influence the distance at whi ch interference can take place. 

Systems designed to covel' a local area nOl'mally have antenna heights 
that are sufficient to permit reliable (in many cases line-of-sight) 
communications. Antennas are placed high enough to minimize the effects 
of terrain masking. Al though they are often thought of as permitting 
onl)' straight-line communications, VHF communications systems have been 
observed to \'lork well in both open country and in mountainous terrain. 
They have been used for communications even when ridges lie in the direct 
path between stations. It is not uncommon to assume that tel'rain in a 
given situation will adversely affect communication and then to conduct 
field measurements of this situation and find that communications are 
possible. A mountain ridge can be assumed to bloc.k a communication path 
but will not do so under all conditions . Knife-edge diffraction and 
reflections over and a"round mountains are common at VHF. The best pre­
dictions of coverage that can be obtai11ed results from field measurements 
of system performance, and even this cannot account fa l' sporadic conditions 
that. can cause interference. At best, the communications engineer must 
account fa:!.' the likel)" interference conditions and accept the fact that 
somo long-range interference is possible, 

,\, 
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No:rmally a system design is established to provide reliable local 
communications betl'icen the base stations and the mobile and portable units 
in an area. This design takes into account local topographic featUl'cs 
and typical communications conditions for the area to be served. The 
system is designed to comply \~ith FCC regulations and does not alNuys 
accqunt for sporadic long-distance communications that ma.y be experienced. 
Unfortunately, :in the VHF £1'equency ranges used in Public Safety Radio 
Systems, long-JistClJ1Ce communications very often heyond the planned range 
for reliable system performance can be achieved. This,; is a common 
occurrence and appears to be the situation that exist.$, for the on-channel 
interference thal~ is being experienced in Montgomery,/lJabama. 

• ,1,,',\, 

Long range on-channel interfermlcE;-:\~·an be of both the nuisance and 
destruc.tive type. Nuisance interference J.'esults when 1::h8 on-c11amtel 
interference is relatively weak compa.red to the desiJ:'ed signals and can 
often be eliminated by adding coded squelch to tlie raclio system. (The 
Montgomery Police Department does not hi;tve coded squelch on their present 
equipment.) Destl'llcti vo int~rfel'ence results from undesired signals on 
the same channel which are sufficiently strong to garble or override 
the desired signal. In this type of interference, the interfering signal 
cannot be eliminated by a tone coded squelch system because it is of 
sufficient magnitude to mask the desired signal. 

Reports obtained.;froJll the }.lontgomery Police Department personnel 
indi cate that both mlit'$ance and destructive type interference is 
hoard from stations normally beyond the desired coverage range. 
Seve1..'al of these stations (Jackson, Mississippi; Atlanta, Georgia; 
Berrien County Sheriff! s Deptr:l.'tll1en't /Georgia) have been identified by 
individuals who arc closely associated with the Police Department's 
communications system. The fact that both nuisance and destructive 
type interference is present at varying times from the same on-channel 
interfering stations indicates that interference is sigt1,ifican:t:~y:';:': 
influenced by the propagation conditions. Under these"19A.?i~Hws:t'8.nces 
only those changes that can l'educe the probability of/6clmmunications 
bet~veen Jackson, Atlanta, and Montgomel'y can reduce or eliminate this 
typo of interference. 

The Consultant visited the Mont.gomery Police Department several 
times during the two days spent in l'-1ontgomery and no sporadic interference 
was observed by the Consultant during these brief observations. Several 
discussions were held with dispatchers and many police officers who 
described the problents they were experiencing. These descriptions from 
the officers v?ere complemented by the mOre technical descriptions provided 
by the Montgomery radio engineer a.nd members of the CTAC. 

The City of Montgomery has a great deal of radio activity in the VHF 
range. Several antennas are 1'Ii thin line-oE-sight of the Police Depart­
ment, including one very large commercial teievision to\I"er. It is very 
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common faT nearby radio signals to create frequencies that cause intel'­
ference. Interference produced from nearby users cnn coniC from spuriolls 
cmissi011S, hal'11l0nics, subcarriers, and intcrmodulation products .. md arc 
generally difficult to identify and eliminate. The number of VHF UBel'S 
in the imlllecli ate area of the ~10ntgomery Police DepUl'tment suggests n. 
potential intcrference environment. 

A mathemntical analysis can often be useful in identifying potential 
sources of lOCcll interfcrcrtceJ however J field mensurements nrc usually 
required to isolnte the SOUl'CO of difficulty. Beca.use of the number of 
VIIF stations in the immediate area and the l'ol,orts of interference from 
local stations (paging services) hospitals) ambulanCe sorvices> etc.) a 
brief mathematical analysis Nas made to deterlnine potondal interfel'ence 
that could l'0sul t from intermodu1ation. A list of 23 VHF channels in 
use wi.thirt approximately one mile of the police station was used in this 
a~lys'is. Table 3-1, Nearby VHF Users, lists these frequencies. The 
tl\'flrd.;.order and f.ifth-order difference products wel'O considered, and both 
on-channel products and products falling on nearby frequencies within 
tIS kHz of the channel were identified as potential interference sources. 
Table 3-2~ Intermodulation Analysis Summary, lists some of the third- and 
fifth-order intel'modulation products that can be created by the 23 
frequencies considered. The users of these frequencies are identified 
on thi.s figure by an identification number that corresponds to those 
shown on Figure 3-1. Fol" eXD.lnple, an on-channel thi'rd oruet' intel'mod\.llation 
product exists on 155.190 NHz. The users 16 (.Jackson Hospital) and 
18 (~Iontgomcry Police Department) can be found by referring to Table 3-1. 

This irttermociulation product analysis verified some of the local 
interference descriptions t.hat \'1e1'e received from several members of the 
Montgomery Police Department. This tUl~lysis shO\\'ed that the six inter­
modulation products falling on the police channels can be created by 
nearby users and that 14 off-channel (\'Ii thin t 15 kHz) products falling 
very chose to the r.lontgomery police channels are, also creatc;ld. These 
intel'modulation pl'oducts create a stl'ong possibility :tOl' interference 
on the police communications channelS. This type of interference is 
generally a very sporadic type that is difficult to both identify and 
e Ii JIIinate. 

A brief discussion vms also held \'lith the local and regional 
l'epresentatives of General Electric, suppliers of the Montgomery PoHce 
Department base stations, to revieN the VHF interference potential that 
existed in the immediate al'€la of the Montgomery Police Department. The 
discussions indicated that the local General Electric service personnel 
are vcry concerned ,d th the numher of VHF users in the area and have 
spent time in analyzing, reducing, und eliminating interference resulting 
from the intel'modulation in several systems. They \'lere unaware of the 
detailed difficulties being experienced by the Montgomery Police Depart­
ment, but at their service center location relatively near the Police 
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Nearb}' vllr Users 

Idem ti fi co,Hon 
Nunther Frequency .(~ll·lzt t.ssigncd Use:t " 

1 15).. 055 State Highway Department 

2 151.685 Rutherford's TV Service 

:5 152.240 Montgomery Telepage 
,·,1' 

4 152.330 Rod Taxi Company 

5 152.630 Mobile Telephone 

6 152.660 Mobile Telephone 

7 152.750 Mobile Telephone 

·8 152.840 Telephone Paging Service 

9 153.410 Water Norks 

10 154.385 Fire Department 

11 154.430 Fille Department 

12 155.010 Police Dopartment 

13 155.160 Ambulance Compnny 

14 155.190 Police Department 

lS 155.220 Ambu1{tnce Company 

16 155.355 Jackson Hospital ' 

17 155.415 Police Department 

18 155.520 Police Department 

19 155.625 Police Department 

20 158.100 Telephone Paging Service 

21 158.700 Montgomery Telepagc 

22 159.450 Conservation Department 

23 163.200 U. S. ~larshal1 " 
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Montgomery~ 

Alabama, 
Police 
Frequency 

(HHz) 

155.010 

155.190 

155.415 

155.520 

155.625 

Third Order 
Frequency 

(NHz) 

None 

155.190 

155.415 
-

155~520 

155.625-

o-

":::::;;:~-:~ .... 

',"';. 

TAHLE 3-2 

Intermodulation Analysis Summary 

On-Channel Off-Channel Onthin ± 15 kHz) 

I Fifth Order I Fifth Order Third Order 
User Frequency User Frequency User Frequency 
I.lJ. (MHz) J.D. (MHz) LD~ (NEz) 

I 

None 155.020 10, 7 155.025 

155.025 14,16 

155.025 15,17 

16~18 None 155.205 17,19 155_205 

18, 19 None 155.430 15,12 155~400 

16,14 . 155.520 11 .. 10 155.530 10, 3 155.555-
i 

18 .. 17 j 155.625 16,15 155.635 12,10 155.640 

155.640 17,14 

f 155.610 17 .. 15 .-
----- - _ .. _-- -- - -- --------

" 

() 

~ ~ f--J, 
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t-~ 

, ::\ 
1- ~r 
! 
~ 
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User 
1. n. 
--.~ 

16,18 

17,18 

20,22{ 

17 ,16 

15 .. 12 
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Depnrtllwmt havCl experic-nccd similar interference resulting from il'ltcrw 

modulation (mot m·cess!lri.1y on the !'-lontgomcry Police frequencies but on 
VHF ~lannels in usc in the aTaa). 

A complete ana.lysis of adjacent channel interfercnco sourceS Nas 
not porfol'mod; howevcl') it 1s quite common for signals falling ncar the 
muin operating frequency to be s<) strong that they m'c not raj ected by 
the raceiver selectivity. The FCC Rules and nogulations Part 89 specifies 
the detailed adjacent channel criteria that must be met \oJhen frequency 
assignments arc made. Nherc practical) thesc adj acent chann(~l c1'i tcritt 
Ul'e adhered to by fl'equency coordinators; hO\'tcver j recommm1.daticr.s' 1;".>1' 
operation on adj aecnt channels have been made in areas \oJhere no al tel'­
native to frequoncy assignments exist. Three of the Montgomery Police 
frequencies (155.415, 155.520 and 155.625) h~tve other police users on 
both adjacent channel:;; 155.010 is bounded by local government users, 
and 155.190 is bounded by Special Emcl'gency R::tdio Service Channels. The 
frequency coordinators £01' each of the services involved can identify 
any potential problems thnt may be created by adjacent channel assign" 
mcnts. Generall'y, the assignment of nca:rby users on adj accnt channels 
is avoided by all coordinators. The intcrmodulation analysis performed 
by the Consultant shm.;cd that some f:r.'cqucncies falling close to the 
t.!ontgomcry police channels can he gcncrn.ted by nearby VHF radio stations 
and mn.y be a source of adjaccnt~channel-typc interference difficulties. 
Although the posslbilit)f for adjacent-channcl-typc intorfcl'enCe exists J 

it generally is not a major problem because of tho efforts of frequency 
coo'l.'ciinntion in assigning frequencies and the inherent ability of. the 
equipment to reject off-chanriel interference. 

3.:5 ,Covel'age 

Oiscus~ion w'ith the Montgomery Police Department indicn.tecl that they 
experienced a~:~us in their jurisdiction where ca:r-to-car communications 
could not he acMpved. It ''las repol'ted that there are occasions Nhen 
several cars 'IJouldtl.ttempt to transmit at the samo time res111 ting in 
destructivo type intc .. '~erence being experienced at the dispatch center. 
Since the comn\tmicatiolf~ system in usc by Montgomery is operating in a 
single-frequency simplty'k mode, extended range cal'-to-ear coverage shOUld 
not be expected. B':.,,;:;~I.lse of the 10\'1 antenna heights, environmental noise, 
alH.l lower POWC1' ll.{1od by mobile radios, reliabl,e cal'-to-car coverage noise, 
usually be obtained for only a few miles at VHF. 'rhe area. of Nontgomel'Y 
is such that cnrs operating at different points inj:he city can be 
sufficiently fnr npart to be beyond the 'range f01' l'cliable communications 
coverage. In a.cldi tion, tCl'l'uin masking l'csul ting fl'om the typos of 
elevation changes observed in Montgomery can vory often eliminate the 
ability fOl' tl'lO cars to maintain reliable single-fl'cqucncy simplex 
conullunications. A mobile relay configuration is tIle only wa)' to achieve· 
consistent Ctt1.'-to-cur coverage over an at'ea as large as that served by 
the ~!ontgomery Police Department. 
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3.4 Potential System Improvements 

Based on the observations made:;by the Consultant it is: not fel t,:,\",,:, 
that any single change \,'i11 result<ln interference-free opeT~tion of 'th'e"III/t';:\I:" 
~lontgomery Police Dep:ar"tment communications system. A1t1W,l.Lgh interference 
\\'as not observed during:thc, brief visits to the police station) the.dcs­
criptions received from sev~j~~l system users indica'ted that it is bp,th 
the nuisance and the d~$tructi. ve typo. Tho brief analysis performed 
indicates that it is caUsed by both on-channel station:~: and possibl>,( by 
on-channel and adjacent-channel frequencies generated;iby intermoduliition. 
Generally, the 'techrlique to reduce or eliminate interference is to make 
changes that reduce the lTtagni tude of the interfering signal either at the 
SOUl'ce of the signa) (not practical for on-channel usei~s s'uch as Jri,c1\son, 
Mississippi; a.nd Atlanta, Georgia) or at the receiving end. ' 

Table 3-3, System Improvement, \iFlentifies neaT-term changes that" 
ml?y offen' improvemerit to the Montgomery Police communications and indic~~~s 

. the expected results:,. from making the changes. It can be readily seen 
that the suggested changes are interactive such that improvements"resulting 
from .c:hanges inane al'ea may offer other disadvantages. These suggestions 
should be revie\I/Eid in,re lation to th~.·;,9hanges that have already been 
made. Combinatiotls of. changes (such:'Jl~~',both reducing the recci ve;l"antenna 
height and decreasing,the receivel' ~\~nsitivity) should also be explored. 

I " '~~~' • 

This set of suggestions is not '':~~haustive butl'epresents the type 
of improvements that can be made. The in-state expertise (radio engineers, 
CTAC, etc.) may ha~~Ltried all of these approaches and perhaps others; 
ho\"ever J this sho~QH"(b'e established before major system changes J such as 

'i:replacing equipmeri'ts J are made. In the long run, the most desll'able and 
perhaps most cost~effective solution could be a change to a newer UHF 
system. 

A qualitative estimate of showing the general cost and time relation­
ships for the suggested investigations and improvements is shown in " 
Figure 3-1. Generalized Cost Time Relationships. This represents a first­
cut estimated picture of the situation that exists. Detailed cost 
estimates and schedules should be prepared for the various alternatives. 
T.'i\ese detailed estimatef;'\'nay differ from ,those shown in Figure 3-1-
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Table 3-3 

System Improvements 

Suggested Changes/Actions 

1. LO\ller the height of the 
re.cei ving m\tenna on the 
M~,)lltgomery ~61 ice Communi­
cAtions Towel' neal' the 
Police Station. 

2. Add bandpass filters to th~' 
Montgomery Police receiver 
that pass the frequencies 
of interest and attenuate 
others which are potential 
sources of intermodulation. 

3. Reduce the sensitivity 'of 
the Montgomery Police 
Departmtiint I s reed vel'. 

4. Change the location of 
the transmitter and 
receiver antennas. 

E..Xpected)esUl ts. 

A 10\"01' antenna should redtl9tl. th.e prob­
ability of receiving long:-distance 
sporadic interference from Jackson) 
Mississippi, and l\tlanta J Georgia. 
This is ~Jso likely to reduce the 
coverage in the Montgomery areai how­
ever, a compromise h~ight could be 
achieved . 

If the intermodulation is being 
generated at the receiver, appro­
priate filters can reduce or eliminate 
this source of interference. The 
investigation of appropriate points 
and frequencies to filter must be 
accompanied by field tests. 

A reduction in sensitivity could be 
accompanied with a reduction in the 
abili ty to communicate with Police 

, Department personne~. It \IIi11 reduce 
both the on-channel desired signals 
as v/ell as all other sigr'ials that 
coul d be causing interfel'ence. 

The present antenna site is ideal in 
that it is close to the station and 
at .a l'easonably high elevation thus 
offering good coverage potential. 
Unfortunately 3 several other. VHF 
stations operate in the immediate 
area thus ,causing potential. inter­
ference In:oblems. A change in antenna. 
site lIIust:be accompRni eel byfield . 
tests to ensure that coverag~ is main­
tained and interfeJ:ence ,j,.s rei'duced . 

• 
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5. 

,.-

Suggested Changes/Actions 

Add directive elements to 
the receiver antenna to 
reduce longydistance on- , 
channel intol'£crence. 

6. Change the operating fre­
quencies of the Montgomery 
Police, Dcpartm6rit. 

7. Add tone-encoding equLp­
mont to the present 
system, 

8. Conduct detailed tests to 
identify the sources of 
intermodulation and where 
they arc entering t11e 
~Iontgomery system. 

Expected Resul~ 

Long-term plans of the Jackson, 
Mississippi, Police Department show 
a change to a UHF system. Since Oll­

ch€lm\~:l interfe:r.encc ;fl'om this 
d:i:rec:tton \\Ii 11 he rccl,uced by this 
changO} a directive element or 
directive antenna could reduce the 
magnitude of the signals being re­
ceived from the Atlanta direction. 
A change in the antenna directivity 
also changes the local coverage 
patte1'n; therefore, tests \\foulcl have 
to be made to ensure adequate local 
performance was being achieved. 

This would require a complete re­
c:r.ystaling of all equipmentsinvolved 

:.Bnd a license cha.nge. A complete 
"analysis and tests must be made to 
ensure that any nel'l frequencies 
selected do not create new inter­
ference difficulties . 

This would eliminate most nuisance 
type interference but leave the 
destructive type interference un­
changed. The feasibility of doing 
this needs to be explored with the 
equipment supplier(s). Tone fre­
quencies must also be coordinated 
with other users. 

A great deal of this analysis and 
testing has already been accomplished; 
however, a Teview of the actions 
tal:en should be made to ensure that 
all readily available alternatives 
have been explored. Once the sources 
of the signals are identified and 
the points where the problems are 
being generated become knOlm, it is 
sometimes possible to add filters 
that reduce thistypeQf interference. 
Coordination ',dth the eq'uipmemt 
supplier is requ:i.:red in adding 
filters to the existing equipment. 
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9. 

10. 

Suggested Changes/Actions, •• 

Convert the present VHF 
system to a mobile repeater 
mode, along wi.th appropriate 
change in operating fre­
quencies. 

Replace the existing system 
with an up-to-date UHF system 
system operating in a mobile 
repeater mode. 

;'.'",:' 

E.!J,)ected Results 

This is a Inajo:!.' system change that 
requires a feasibility and cost 
analysis. Much of the interference 
will be eliminated by this change 
and the car-to-car coverage problem 
should be resolvod. A license change 
would also be required to allow 
operation in this mod~. 

This is a major system change that 
requires a complete analysis to ensm'o 
that interference problems will be 
avoided. Although there is li tt 1 e 
UHF operation in ll'!ontgomery at this 
time~ it is reasonable to expect 
that operations in this band Nill 
increase in the future. UHF channels 
must also be carefully coordinated 
to avoid intermodulation. 
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LOh'er Antenna, Reduce 
Receiver Sensitivity 

Add Filters 

Conduct Testg 

Add Directional AntenAa 

Change Antenna Location 

Change Operating 
Frequencies 

Add Tom~ Encoding 

Change To M6bile Repeater 

Replace Equipment With 
New UHF Equipment 

$ Time 

" 

Lower Antenna) Reduco 
Receiver Sensitivity 

Add Filters 

Add Dire(,~tional Antenna 

Change Antenna Location 

Add Tone Encoding 

,~onduct Tests 

Change Operating 
Frequencies 

Replace Equipments 
With UHF System 

Change To Mobile, 
Repeater 

(increasing $) (increasing time) 
'" " ' .. 

','-, 

Figure 3-1. Generalized Cost/Time ~elationships 
, ,'-
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4. FINDINGS AND CO~CLUSIO~S 

(a) The ~lontgome'J'>'1 Alabama) Police Communications System oxpel'­
iences both interference and car~to-car coverage problems that 
re~ml t from the gystcm configuration and its operati.on in 0. 

high density VHF radio usage area. 

The analysis) \"hich \~as pOl'formoc1 by the 
Consul tant, included a configurntion review 
m\d a prediction of operational characteristics 
that v/ere likely to be experienced. It 
verified reports that \\'01'0 obtained fi'om both 
system users and several .individuals who \.;e1'o 
closely associated ",i th the system. A detailed 
engineering assessment of all of the changes 
that have been made to improve system pcr~ 
fo,tm,ance could not be accomplished in the 
period covered by the technical assistance; 
ho\~eVcr > discussions Hi th the Supervisor of 
Commullications for the City of ~lontgomer)' 
showed" that a number of changes have been 
made to reclucethe interference and improve 
car-to-;-car communications. These changes and 
those that may be made in the future are not 
likely to eliminate all of the problems that 
are presently being experienced unless major 
system configltl'ationnl changes are made. 

(b) The solution to 'the'. ~Iontgomery Police Communication difficulties 
consists of both near-term improvements and longer l.'ange 
major configuration changes. 

A number of:t:hanges are possible to improve 
the situatfbn that exists. Some of these 
changes hav~: been tried and others have been 
suggested by this technical assistance. Bach 
of the changes has associated with it a 
clollar cost that must be considered in :relation 
to the long':'range system plans and the resourCes 

-;' available. Considering the age of the 
Montgomery Police Communications Systcm and the 
potential improvements that can be achieved by 
making a maj or system change such as going to 
a'UliF mobile repeater configuration, a detailed 
financial prediction of all costs for changes 
is required to ensurc that resources are properly 
allocated to s}'stem improvements. Any nenr ... tel.'rn 
imp'l.'ovoments thnt represent a large financial 
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investment should be carofully analyzed to 
cnsur(~ that the degree of improvement 
jus tl fi es th Q expEmdi ture. 

ec) A comp lete detailed analys.i.s of the VHF ttMtgC in tht' ~:ol1tgomel'Y 
area and the- available VHF police fl'cqllencies should be made 
befort· art)' ()lw.ngcs to a UHF system arc nwdc. 

Pal't 89 of the FCC Rules and Regulntions 
defines 66 \'HF High Band channels that can 
be allocated for Police Departmont usc. A 
number of restrictions and conditions arc 
attached 1~o these frequencies, and these 
a1'0 considered in detail by the f1'cqucncy 
coordinators. In addition some frequencies 
may not be desirable as they :rcquirc special 
equipment characteristics such as wide-spaced 
tl'ansmi ttcrs 01' receivers. Presently the 
VHF usage in ~!ontgomery creates soveral 
situations that are potential sources for 
creating intermodulation on the assigned 
police chnnnels I The long-distance inter­
ference caused by both Jackson, Mississippi, 
and Atlanta} Georgia, results from their 
opc1'ation on the same frequency as the 
~Iontgomery Police Department. Perhaps a 
different VHF High Band frequency a11ocation 
could be made for the Montgomery Police 
Department operations. It should be noted 
that any frequency change \'1ould require a 
license change and also equlpment changes to 
permi t opo:l'ation on new channels. 

Cd) The long-distance interference from Jackson, Mississippi» \'li11 
be eliminated in the future and the long-distance :i.ntel'fel'cnce 
from Atlanta,) Georgia, \dll gattl/orso in the future. 

Discussion \dth several individuals in Jackson) 
Mississippi, indicated that the)' presently have 
plans to change their communications system 
f1'01:\ the VHF Bund to the UHF Bund. Thf.'se 
changes \'1ill l'eprcsent a gradual chn.ng~ over in 
perhaps a yenr or blo and arc dependent llpOn\ 
the availability of resources to permit Jackson 
to implement their plans. Xf plans nrc 
implemen.ted, all Jackson police operations 
\'1ill be mov~u to UHF and thus elimi.nate theil' 
interfc't'crtce \d th ~Iontgomery. On the othel' 
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hand, Atl unta, Georgia, 'has plans to add 
additional units to the channel that is 
presently interfering with ~!ontgomery, 
This will increase the activity on this 
channel and, under appropriate propagation 
conditions, increase the interference 
experience by ~Ior\tgomery. 

1" 

A change to UHF could also create a set of problems similar to 
those presently being experienced. 

The UHF Band is not likely to permit 
sporadic long distance skip communications 
that can cause destructive interference;. 
however, it can produce reliable cornrntlJ};t!­
cation links over long distances if th'0' 
propor combinations of power, anten~~? 
heights, and receiver sensitiviti~.~:?aro 
achieved. A careful analysis of on-channel 
users is necessary to ensUre that this 
type of interfe:rence can be avoided. In 
addition intermodulation can also be 
experienced at Uj'lF; therefore, a review of 
the UHF users in the area of the police 
conmlUnications equipment must be made. 
UHF users are likely to increase in the 
future and this should be considered in 
developing the system plans. Although 
tone squelch can eliminate nuisance- type 
inter-ference, strong destructive-type 
interference is left unaffected. Any ne\\' 
frequency allocations in the UHF range should 
be revie\ved to ensure that a minimum of 
difficulties, will be encountered by oper­
ation on the ne", frequencies. 
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s. RBCOMME:--.JDAT IO~S 

(a) Establish a meeting between the State Office of Telecommuni­
cations. the Communications Technical Adviso!'y C0ml111 ttce, the 
Supervisor of Communications for the City of Montgomcr)' J and 
the ALEPA Communications Spe~'ialists to review the detailed 
charl,ges that have al-ready been made to the Montgomery system, 
toestabH:Sh,:"}i:mm~diate actions that are require~l to improve 
the situation ,"aBd to determine the detailed cost/nerformance 
impact of all near-term and long-term improvements", 

The Supervisor of Communica'ti9.ps.;j:or the c:i.~i:y 
of, ~Iontgomery has carefully analyzed the prb~ 
blems being experienced in Nontgomery and has 
made several changes to improve performance 
(changing antenna locations J desensi ti zing 
receiver, filtering, etc.). A detailed 
summary of these changes should be prepared 
and revie\ved to ensure that all possible ",,',., 
individual changes and combination of chal:1ges 
have been tried. All available in-state 
expertise should participate in this review 
to ensure that all feasible app:roaches have 
been explored. This meeting should also 
include a review of the VHF usage in the 
Montgomery area. As a result of this rcvie\~1 J 

the meeting participants should prepare a 
plan of action for implementing new changes 
and follow the implementation of these 
changes to ensure that the e~,l?ected results 
are achieved. ~~ 

(b) Prepare a detailed cost estimate and schedule for changing the 
~Iontgomer)' VHF system to a new UHF mobile repeatel' configuration. 

Discussions \'lith several individuals associated 
wi th the ~Iontgomel'Y Police Communications 
System indicated that a change to UHF ~'Jould 
resolve many of the difficulties presently 
being experienced .in Montgomery. This is 
likely to occur, provided a proper UHF system 
design and frequency allocation is made. The 
costs for~.this major change should be reviewed 

i~~lN.": .,:::,"'" !~: f:~i!;e~~ ~~~e~~;~:e;l~e resources required 

'".'::: 
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(c) RevicI'; all future communications equipment purchase specifications 
to ensure that the desired performance requirements are being 
presented to the candidate equipment suppliers. 

During the course of the technical assis­
tane0~ the Consultant had a very brief ex­
posu1~e to some communications equipment 
specifications that \\'e1'0 prepal'ed~{ Although 
the detailed circumstances SUlTouilding 
these specifications \'Jere not expl'ol'ed, it 
was noted that some of these specifications 
included detailed equipment model numbers. 
In some situations, thjs type of detail in a 
specification ensures that the bUYi~or will get 
the equipment desired; however, fo:t':maj 01' 

pl'OCl..trements it is generally better',pl'uctice 
to outline performance requii'ementsand 
allow the suppliers to decide for themselves 
the detailed equipment model numbers th~y', 
can meet these requirements. Any sped':;, 
fications developed for a significant > 

purchase of cquipments (such as those for a 
chnnge to UHF) should follOW the perfol'manee 
requirements specification approach. 
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APPENDIX A 

Authori zed and Pl~.nned Georgia Usel'S 
Common to r>lont'gomery J Alabama, Frequencies 
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155.010 MHz 
",'. 

fSS.520 MHz 

Alban}' Police Department 
Bainbridge City 
Cairo City 
Calhoun Pol i.co Department 
Camilla Police Department 
Colqui tt Shcrtff's Oepo:l'tmcnt 
CUTtersville City 
Docl'tm Police DC'purtm(}l'lt 
Gordon County 
Grady County 
Lam:em County 
Michell County Sheriff's Depat'tment 
~loul tl'ie City 
Pavo Polico Department 
Pelham Police Department 
Thomas County She'riff' 5 Dep::ll'tment 
Thomasvi 110 Police Department 
Trennil Hill Police Department 
Taylorsville Police Department 

Athens Police Depal'tment 
BI'omen City 
Buchannan Police Depal'tment 
Carncsvi 11 «:) Police Department 
Cedartown Police Department 

"Dallas Police Dcpnrtmcnt 
Douglas Gounty Sheriff's Oepnrtment 
Douglasville City 
Harnlson County Sheriff's Department 
Lavonia City 
Paulding County 
Polk County Sheriff1s Depal'tmcmt 
Polk County Police Departmont 
Rockmal't Police Department 
Royston Police Department 
Tallapoosa Police Department 
Tallapoosa Judicial Circuit D.A. Department 
Stephens County She:dff! s Depal'tmcnt 
Hart County Sheriff's Department 
Fl'anklin County Sheriff's Department 
Banks County Sheriff's Department 
Hartwell Police Department 
Hiron City Police Depal'tmant 
Lawrenceville City 
Jeffersonville City 
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155.415 MHz 

155.190 i-!Hz 

155.625 MHz 

Fulton County Sheriff's Department 
Glennville Polico Department 
Houston County Conunissioncl'l s Office 
Lutherville Police Department 
~ln.nchestcr Police Department 
~lerhJcthcr County Sheri ff' s pelnlttmcnt 
Talbot County Sheriff's Dcp:i1:'tl1\cnt 
Talbotton Police Department 
Vidttlia Police Department 
Wat'm Sp!'ings Police Department 
Woodbury City 
Wood.land Police Department 

Adel Police Department 
Auburn City 
Bnl'nesvillc City 
B01'rien County Sheriff's Department 
Chatta.hoochee County Sheriff's Department 
Clay County Sheriff's Department 
Coo~: COlin ty 
Cusseta Police Department 
Richland City 
Shellman City 
Sparks Police Department 
Stewart County Shcriffts Department 
Tifton Police Department 
Tift County 
Waynesbol'o City 
Nashville' City 
Cuthbert City 
Fort Gn.ines Police DepfLrtmettt 
Lanier County Sheriffts Department 
Lenon Police Department 
Louisville Police Department 
Ltlmpkin Police Department 
Randolph County 
Georgetmln Police Department 

Atkinson County Shedif's Depal'tment 
Atlanta Police Department 
Ben Hill County Sheriff's Department 
Coffee County Sheriff's Department 
Douglas Police Department 
Ellijay Police Department 
Fannin County Sheriff's Department 
Fi tzgerald Police Depal'tment 
Gilmer County Sheriff's Department 
Harlem Police Depa'l'tmcnt 
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155,625 ~fi!~z 
( continued) 

Irwin County Sheriff's DepartmcI1t 
McCnysvilh~ Police Oepnrtmcnt 
Pcal'son Police Department 
Ocilla PoJice Departmbnt 
Willacoochee Police Departll'lent 
Broxton City Police Dopartment 
Nicholls Police Departmollt 
Blue Ridge Police Departmen't 
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