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Contract No. -B 5'S y~­
Grant No. <ZI:DP--687) 

':J'be County of San Diego Conu:mnications S.ystem £01: Coordinat.ed L.m'l 
J~n£9rcemc1It I which 'duS fUllCloCi by the above mentioned grant I . has 
hnp.n i ru:;;i';=' 11 Pr1. A fi rm.L .. te(:;,hxd.D.~l_.r.0.:2,~?Li~_!~..:::.~:..~.:::!.'.,e1_~~~~E_~: . 

. condi t:iom; is attached. . . 
""~ - -,-. . .. --.,~ .......... '\. .' 

During the past decade, the County of San Diego has been developing 
one of the finest cOJnr.mnications. sys tor:\ in the nation. Cor:ipletion 
of t.hc recently installed system has significantly inc):eas2d 1.:he 
County 1 S cO:';t.";luni.cations capability. I Hould like to czpress I:'.y 

ZtppreciflU.on to you for your ass:j...stancc in making possible this 
successful installation. 

Very truly yours, : 

'. tJ.;c:,1;-;I'j,'P' 
~-Y/.~ . .///~-C~7J~ 

G. B. NIJ.JSOn, DlrectOl:' 
Dep~rtT:1.ont 0,£ Gener_tl Services 

Gm'l: RRi'l: ClI: 5S 
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I. Al3STRi\CT 

During 1970 the .County of San Diego developed a plan for a 
comnH.mication svste:n to meet the cOTI'J"ilunication neces of the 
la\'l c~1forcei~~ent~ and other public safety agencies in Region 
XI. It was envisioned as expanding the capacity o£ the 
Count.y Hicro';'luve System to make possible the link2se of all 
ci ties in Region XI. The expanded system I\'ould provide the 
capaci. ty for hardcopy I dEl. ta and voicG transI:lis s ions bet~'leen 
la\'l eTlforcer.~0nt and other pub lie safetv agencies of the 
County and participating citi~s. Futu~e uses envisioned the 
impler,lentation of a Dial 911 emergency telephone system. 

The united States Department of ,Justice designated the County 
of Sun Diego as an agency eligible for discretionary grants. 
The County applied for and ';'las a~'iarded Dis cretionary Grant 
#7l-DF-687. The ~1ard of the grant provided a means to 
irnplemenJ

,::. the Conununications System for Coordinated La'iv 
Enforcement. 

Contractual arrangements \'lere made for a comrt'r.:-cial firm I 
l..mde.r the supel"visic)l1 of County personnel, to engineer the 
system, furnish t.he harc1\-iare, then install and tes t the 
system. Agreer;1ents were made' between the County and par'ti­
cipCJ,ting cities for the' location of system equipl.lent and the 
floor space, power and other support to be provided by the 
cities. 

'1.'118 Comm'unications System for Coot'c1inated I.a\'l 'Enforcement has 
been procured and installed. Some problems ~eie encountered 
which caused a slippage in the original project cornpleti6n 
date. The installed system, with the addition of channelizin9 
eguipr:18nt and user terminals r \·;il1 have the capability to 
sa'tis£v the cor.trnunication needs of reqional la'll en£orcerr:ent - ~ 

nnd other public safety agencies for many years to corne ~ 
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() 
,II. PURPOSE 

y.; • 

'1'he purpose of 'this tcchni'ca'l report, is to presen't t:he general 
information requi):ed to asf,;CSS the county of San Diego Com­
munica'tions Sys ter:l for coordinated LaW Enforce1nent. 

This technical report describes the planning conducted for 
the system, the procurer:~cnt and installation of the systerrt t 

a description Of'U1C system equipient, cha~ges made in system 
design and the maj or prob leni. ,areas encol1ntc):ec1. 

" 

, ' 

", 
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III. 

o o 
SYSTEH PLl\NNING 

rrho corrmmnication needs of the la,', enforce~cent agencies in 
Region XI ";ere investigated durin~r a study perforr:;ec1 by a 
cunsulting fir:n. 'l'he study entitled II f?easibili ty for a 
Coordinated J.Jaw Enforcement ?.ecords 2..nd Cor.J7lUnications Syster.," 
was financed in Dart bv a arant from the California Council 
on Cr i.r.linal Jus tlce. Sarno - pertinent. recor:-·.;::enda tions v;ere 
made by the consultant which assisted the Reaion in develonina 

~ ~ -
the following objectives: 

A. A coordinatc!Q Ti"'.utual aid dispatching syst.em for all 
regional lC:;.'~·l enforceTIient agenci.es. 

B. Compu·tcr access to lm7 enforcement reco'rds and info:t;­
mation for all regional la\·; enforcement agenci.es. 

C. A hot line interconuu.unication syst.em to int~rconnect 
all regional law enforcement agencies. 

D. . A Dial 911 er:1ergency nmT'.bcr telephone syst.em to meet the 
needs of th.e public for r2..p:i.d access to la'\'l ~rifo):,cerr~ent 
and other public safety services . 

. . ~ 
The County has developed ~c.his com.illunicCltions system. to mee:t_ 
the needs of the regional la;;v ertfo17cemcni.: and other public 
safety agencies. 

The Pro:ject included the procurement and ins l-.:a·llation of the 
11egion(11 Micrm';ave Communications Systen sho'i·m in Figure 1. 
'rhis system consists of 12 micro~'lave radio links interconnecting 
10 cities as i'lell as goverm7lental and special district offices 
of Hcgion XI. The system, \'Tith the addition of ancillary 
equipment f '\'7i11 have the capacity 1:0 c2rry a ve)';y large amount 
of communications bei.:1'leen the regional law enforcement agencies . 

. Future syst:em uses \vil1 include the impleInentat.ion of a Dial 
·911 concepti. t:he extension of the Regional HicrO'.'lave System 
to the three ci-L:ics in San Dieqo Countv not included in the 
ini tj:al plan i and the acquisiJcion of equipr.:ent to divide the 
broad band micrQ':;',rave rClBio siqnals f !)rovided bv the present 
system, into sorr:e 600 channels suitable for transnissions 
such as hardcopy, voice, and data. •. 
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'J'110 syst.em c1oscr:tbc'd abo¥.Jc 'WCiS procured under Grant 71-DI'-687. 
rrhe cguiP;:~(';l1t i1CJ.~; received during April 1972. The contractor 
installC'G t.hG cquip;,~(\nt beb;ecn April ,:md i\ugus t 1 1972 I and 
optiTllizcc1 and tested the 1in]cs in August 1972. The amount 
of oqui.p;.'.ont pnrchas(!d from grant and County matching funds 
consisted of: 

12 GH z rrormina1s 
<1 it.::. Ant.cnnC\. 
6, ft. Antcnna 
£) ft. Antonna 
8 ft. j.~ntGnna np 

10 ft. lmtcnna 
1 12 x 16 ft. Passive 

V<::rtical Antenna Hounts 
"7c:tveg uidc I(i t 
Vhtveguidc 
Antonn~ Feod Guy Kit 
3 \Vay~DoC'o1.1plGX: 
lmtenn<:1. rl~O\','c;:cs 

Antenna 

·-s~· 

GRJ\N'.t' 
FUNDS . 

2,0 
2 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 

\ . 

Hi"\TCHING 
FUNDS 

4 
10 
·6 
1 
0 
2 
1 

24 
30 

1375 ft. 
13 

7 
15 
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V. EQUIP~lliNT DESCRIPTION 

'1'ho 1,mS~1200 miGro,'lave relay equipment 'is solic1-st.:ltc r 

frequency-r,~odulatc:c1 and wic.oband rc~.0c1\11atcc1 micro.vavc 
systGr.1. The syston has the cap2.bili ty of providing up to 
1200 frequency-division ITlul tiplex (PD2'I) channels. '1.'bc bclsic 
equipr,lent consists of one transi;,d.tte.r lone raced.ver I and one 
power supply. 

The tranS!11i t:tcr is a solid-st.ate unit \'7i th an rf po~,;cr source 
consisting of transistors and varactor ~ultiplicrsf reccha~ical 
relays T and pOh'er tubas. li. block diagrar:l of the 12 GHz trans­
mitter is shOi'm in Figure 2. 'rhe baseband a,iplificr accepts 
the signal input and processes it to modulate the 2 GHz 
oscillator. The 2 GH~ oscillator is the primary freguency­
generating module in the transmitter. It operates at one-sixth 
of the assigned ou'tput frequency and is maintained on this, 
£requcncy by an Clutoraatic frequency control. The isolator 
providc:!s a onC-t;'7ay rf signal path and it1provec1 impodance 
matching. A five (5) I>iatt ( 2 Gllz anplifi8X" ,l-a.:i.sc5 i:he 2 GHz 
oscillator out.put to a five (5) Vl2..tt levcl~ TIm varactor 
roul tipliers increases the frequency from 2 to 12 GHz. '1'he 
trans~itter logic and alarm provides continuous rnonitori~g of 
the. i:ranSf.1itter rf pm'mr oUi.:put lc,vel. 'J.'hc pilot dCDoc1ulator 
provides a fault indication ",;hen the transrni tter pilot signal 
goes below threshold levGl. 

'Php ~r:-P0pi VI'" 17 i.S CI sol i il-Si-;d-p,; ~d 1\gle channel. suoer-hci.:erodvnc 
"l:LDi t '\'1hi c11 processes frcqlJ,cncy r::onUJ.v.:CDd. Jr.l.crOl','ave Sil::ljlc.d~ cdlll 

delivers t:'.'lO out,puts of a standm::c1 vid(~oT message, or data 
signal. A block c1iagrar,1 of the 12 GEz receiver is shm·,1n.' in 
Figure 3, rrhe received signal is applied t,o t,lle channe1 filter 
1.:0 rel:lOVC 'l1n'tlantec1 signals. The isolat,o~; provides a one-way 
rf signal path and imgedance matching. 'rhe local oscillator 
provides a stabilized rf ~ignal at abou·t 2 m'd. The signal is 
70 KBz above 0:>: balm-l the received carrier. '1'h8 mixcr prc ..... 
amplifier accepts the received signal and mixes it \o!ith the 
local oscillator generated signal to produce a 70 }lliz di££er­
~nce signal. The 70 WIz intermediate frequency (IF) signal 
is amplified abou't 25 c'lb before being applied to the U? net-­
\-lOri::. l'he 70 HHz signal is recci vcd in the IF ne.hlOrk '\·;:herc 
it is fil Jcered for proper banciiic.th, corrected for par<,~bolic 
group delay I 'and for\\'arc1ed to the IF 2.1:,-plifier. The arnplificr 
provic.1es a maximum gain of 60 db for a Im'7 ·level signal. l':.n 
automatic gain 'control maintains the output signal at apprClxi~ 
InatelS; the same level over a \-:io.e range of incolning signal 
levels. The amplifier for'\\'2.ro.s the signal to the second IF 
filter and phase equalizing neblork \\lhere the signal i5' again. 
set for proper bancNidth and corrected for phase c1isto.rtion 
and parabolic group delay. The signal is then routed to the 
IF limiter for removal of amplitude modulation signals from 

" 
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• 
the 70 Nnz i!lt.crI~~ediu.te freCjuency and them forv:at"ds the signul 
to 1.;h'e IF discrininC!tor. l'he discrir.~i~:}ator demodulates the 
70 l·Hi% fre(ilwl1cy-r::oc1ulated signal to produce un ampli tudc­
modul~tcd basoband signal. This signal is forwarded to the 
recci vcr ha:1(,:::b.::.nd ar:ipli fier ,·;herG the baseband signal is 
amplified to reproduce the transmitter input. signal. The 
receiver logic and alar~ provides cont.inuous monitcring of 
the receivar baseband for out-of-band noise level. The 
pilot ~ornodulator provides a fault indication of pilot signal 
loss. 

rrhc pm'Jor supply is a solid-s tate unit 'Idhich provides the 
nccossary opora~ing voltage to o~erato one trans~itter, one 
r8eeiv~r nnd associated auxiliary equipment. The power 
supply opC'rC1.tes froT!'! a floated II - 48 volt" battGry. This 
p'rimary input voltage may vary eonsidcreJ)1y fror.: its nOl':lina.l 
floated vnlue ~ Six output vol ta~1oS are provided of vlhich 
five arc rcsuJ.ated. The regulated voltagos are +12V, -12V, 
-24V, +~4V and +28V. The unregUlated voltage is -48V. The 
pO'iVc;r supply output pcricrJ:!2!'!c'? ch<'l.r('l(!tc)-isJcics a):e: 

J>m,XIl·1UH 'N,AXI11UH 
OOTPUT VOr.JTAG}~ OUTPUT CUHREN'l' HIPPLE VOLTl-.GE --- -,--
-48 '\10J.ts de 1.0 amps 
·-2-1 volts de 1.9 Dmps 3 mv poak-to-p8c~k 
-12 volts de 0.?-5 amps 5 retv pGak- to~·peak 

, .1. ~ ') .00;"_ 1 J .... _ -1- f'I ')C:; ~":"""-.~ r; i"'~~ ~ .. "") :-:,1" ~ -{-r'l o:::r-- ,-,1 ... . - .. ,,-- \;,. . :. -
+~tj vol t:s de 0.1 amps 5 m.v I • pcak~i.:o-pE:~<:l.;~ 
+28 volts de 1.8 Dmps 10 JnV peak- to-peak 

," 

", 
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VI. DESIG~ DEVEJ.JOPi·1E~TS - . 
The radio equipr:~ent originally proposed by the contractor 
and acc(~pted' by the county \laS tho l··1RS-tiOO 12 GHz. Sub­
sequently I the contractor recor.'J-;',3nc1cc1 that the original 
equipment be rc?laced vli th the nEMcr ImS-1200. Th.G county 
accepted the 1:ecor::.:-:1endations. The decision to use the new 
equip~ent wa~ considered-to be the best interest of the law 
enforce~ent asencies and the County because the newer equip­
ment will provide better system performance; is capable of 
handling addi-tional future growth of the systmai and it is 
more economical to support. 

--

,-
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; ·VII. PROBLEH JI.REi\S 

A. 

B. 

Chc:mce in SCO})0. -_...:..,,'-

'l'he regional Im-, enforcerr:en t usage of the micrm'lave 
systeM was deter~ined to be ~uch more extensive than 
W(lS origii1ally r.nv3 sl0ned. It W2S, therefore I con-­
sidered prudent to delay the purchase of multiplex 
(channelizing aquip~cnt) ~nd terDinal user equip~ent 
until a r::ore detailed study CQuld be made of the 
require=ents of the small cities served by the system. 
'l'he svsterl has the caDClci tv to hand] e the cor:ununication 
requirCl;-.cnts of t.he snaIl ci~cies ,. ho\vever the !':luI tiplex 
equiF~3nt as originally planned was not adequate. If 
the E~ultiplex eql..1ipr:!ent had been installed as planned, 
large portions \-muld have soon becoll,e obsolete. The 
major ch2nges caused by the revision was a reduction in 
tllG total project costs. 

De1ivarv and Licensina Delavs _ ... ____ ::"___ ..I •. 

',rhe change in equipr.1en t frorll the l·mB- 400 to the ne'Vler 
MRS-1200, described in Design Developments, 0as made 
realizing the possibility of late delivery of equip~cnt. 
u.'hc change did result. in late delivery' of equipment C}nd 
also resulted in a delny in ob±aining the F.C.C. license, 
as the license anolication ha~ to be resubmitted to 

~ .. 
COV"?"'C tllP net,\T eCT1):Ll)!-le!!t.~ Tl~e dbli\T2r" ... " 3.:1-:: ~i_::l:Tlsil1a 

.delays ctJ.usecJ. ..:t slip?~lge in proj ect complet.ion fron 
A'q~rust 31/ 1971 to June 30, 1972. 

C. Installation Delays 

Prio~::- to instaJ.1il)g -the equipment/County personnel . 
visi te(1 )dlC ci Jcy rJanagers I po~ice chiefs and fire chiefs 
of all of the cities involved to formalize the exact 
locations of 2ntonna towers and £16or space available 
for ins"tallati.on of radio equipment~ Subsequently ,one' 
of the cities desirea a change in location "7hieh required 
obtaining and "ins"talJ_ing a passive antenna that \1aS not 
included in the original equipment list. 

A prbb1ern developed at the installation on the County 
Courthouse in that analvsis showed t...~e roof load would 

. be unsafe as it \'las originally planneo. TIle de"sign of 
the towc-x for the Courthouse roof: ,-las modified and 
manufacture of the 11e'.'i sDccial tower \-iaS accop.mlished. 
The inst:allation delay c"auscd a slippage in pr;)ject 
conpletion from June 3D, '1972 to August 31, 1972 . 

. -
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JUNE ACTIVITIES REPORT 

1. Meetings attended 

Problems and needs: 1975 Plan 

Northern California APeO 

2. Technical Assistance consulting 

L ,Feliz 
July 8, 1974 

Region D: Countywide Systems: Yuba, Sutter, 

Placer, Nevada and Sierra 

Region E: Sonoma Countywide System Plan 

Regi?n N: Tulare Sheriff's Office 

Statewide 911 Planning 

3. CRACLE 

Phase I 

Data Processing 

Phase I Report 

Communicatio~s Planning Guidebook 

Radio Frequency listing .. ' 
, ~:, ... '., .. Phase II 

Staffing 
. . 

Database update and maintenance 
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