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FOREWORD

. {:[ i . : “ . L S . i\/: .

Followmg a Congressronal mandate1 to develop new and 1mproved techmques,

- systems, and equipment fo strengthen law- enforcement and, criminal justice, the Wational
Institute’ of Law Enforcement' and Criminal Justice (NILEC)) has estabhshed the Law
- Enforcement Standards Laboratory (LESL) at the National Bureau of Standards. LESL’s.
function -is to conduct research that will assist law enforcement and cnmmal Justlce

agencies in the selection and procurement of quahty equipment.
~In response to - pnontles established by NILECJ, LESL is 1) subjectmg exxstmg

equipment to laboratory- testing and evaluation and (2) conducting research leadmg to the

development of several series of documents, mcludmg national voluntary equrpment
standards, user guidelines, state-of the-art surveys and other reports.
‘This document, NILECJ-STD-0213.00, FM Repeater Systems, is a law enforcement

* equipment standard developed by LESL and approved and issued by NILECIJ. Addrtlonal

standards as well as other documents are being issued" wunder the LESL program in the’
areas of protective equipment, communications equipment, secunty systems, weapons,
emergency equipment, investigative aids, vehicles and clothing. -

This equipment standard is a technical document consisting of perfonnance and other .
requirements, together with a descnptlon of test methods. Equipment which can meet these =
requiremernits: is of supenor quality and is suited to the needs of law enforcement agencies, ‘
Purchasing agents can use the test methods described :in this tstandard to determme»

- firsthand ‘whether a particular equrpment, item meets the requrrements of - the-standard;;: or

they may have the tests conducted on their behalf by a ‘qualified testing laboratory Law
enforcement personnel may also reference this standard in purchase documents and require
that any equipment offered for purchase meet its requirements and that this compliance be
either guaranteed by the vendor or attested to by an mdependent testmg laboratory. -

- The necessarily technical nature of this NILECJ standard, and its  special focus as a.
procurement aid, make it of limited use to those who seek’ general guidance concemmg}'
~ FM repeater systems. The NILECJ Guideline Series is: designed to filt that need. ‘We plan’
- to issue guidelines to this as well as other law enforcement equipment. as soon as. possnble,

within the constraints of available fundmg and the overall NILECJ program.

The guideline documents bemg issued are, highly readable and ‘tutorial in nature in- g

contrast to the standards, which are highly technical and intended for- laboratory ‘use by
technical personnel. The guidelines provide, in non-technical language, information for

purchasing agents and other interested ‘persons concemmg the ‘capabilities of equrpment/f' e
currently available. They may then select eéquipment, appropriate to the . performance :
required by their agency. Recommendatlons for the development ofrparttcular gurderines

should be sent to us.

NILEC]J standards are SubJected to contmumg review, Techmcal comments and -

recommended revisions ‘are invited from-all mterested parties. Suggestions should be’

addressed: to the Program Manager. for Standards, ational Institute of Law Enforcement =~
and Criminal Justice, Law Enforcement Assistance Admmrstran n,.U.S. Department of -

Justice, Washington, D.C. 20531.
Lester-D. Shubin
Program Manager for Standards
National Institute of Law - ‘
‘Enforcement arid Criminal Justice -

!Section 402(b) of the Ommibus Crime Control ‘and Safe Streéts Act of 1968, as amended.
‘ v : L ,
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'NILECJ STANDARD
| - for
FM REPEATER SYSTEMS

i. PUR'POSE AND SCOPE ,
The purpose of this- document is to estabhsh performance requnrements and test
methods for frequency modulated repeater systems used by law enforcement agencxes For

‘fixed . repeaters, these requirements complement those established by. the NILECJ fixed ' el B
and base station transmitter and receiver standards [17, 21]. Likewise, for mobile repeaters, ‘,

these requirements complement those established by the NILECJ mobile transmitter and

receiver standards [18, 22]. This standard applies to repeater, systems which either do’ not‘ - v
have special subsystems such as ‘torie coding or selective signaling, or in which such"“jg
) subsystems are bypassed or disabled dunng testmg for comphance with this standard

2. CI.ASSIFICAT!ON

For the’ purposes of this standard, FM repeaters are classrﬁed by the band and
number of operatmg frequencies. . 4

2.1 Frequency Band
2.1.1 Typell i
.Repeaters which operate in the 400—5!2 MHz/ band
2.1.2 Type Il
Repeaters which operate in the 150-174 MHz band
2.%.3 Type lll
~Repeaters which operate in the 25-50 MHz band
2.2 Number of Operutmg Frequencles '
2.2.1 Type A . ‘ B
& Repeaters which recerve and retransmlt on, the same frequency (FI/Fl)

222 Type B

Repeaters wbtch receive on one freg_uency and retransmlt ona drffereﬂ.t fre""enc:,"-f@;,
Fz) ) : : . ' ‘ e
2.3 Repeater Mobility o ) L
2.3.1 Fixed Repeater

- See paragraph 3.2.
2.3.2 Mobile Repeater

See paragraph 3.3.

3. DEFINITIONS

The principal terms used in this document are defined in. this sectron 'Addltlonal

definitions relating to law enforcement communications are given in LESP-RPT-0203.00,
“**Technical Terms and Defi mtlons Used with Law Eriforcement Commumcatlons Equlp«
~ment (Radio Antennas, Transmnteﬁ and Receivers) [9].” o

i
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3 l Dunlexer . ' L : ’ 2 :
-5 devrcc that permits a smgle antenna system to be used srmultaneously for both
recewmg and transmtttmg o :
‘3.2 Fixed Repeuter {Mobile Relay Stahon)
: A base station that auiomatically retransmits mobile service commumcattons that -«
originate on the transmitting freque'lcy of the mobnle statlons and are retransmltted onthe v

. Teceiving frequency of the mobile stations, LT

3.3 Mobile Repeater (Mobile Repeater ‘tutlon)

A mobile station that automatically” retransmits. on- a mobile service. frequency those
communications originated by handcarried mobtle umts or by other moblle or base stations
.directed to such hand- carried units. ;

3.4 Repeater e - :
A combinaticn of apparatus for recelvmg RF communlcatlon srgnals and automattcally
retransmitting corresponding signals on the same or a different frequency e
3.5 Repeater Audmfrequency Harmonic Distortion ' e -
Monlinear distortion. of a repeater system characterized by the appearance ‘in the\-t;;'
output of harmonics, in addition to the fundamental" component when the mput wave is = &
sinusoidal. : : '

3.6 Repeai‘er Sensmvnty ‘ ‘ : X
The minimum cw signal level at the recelvmg frequency that,’ apphed to the mput port pE
will cause the repeater transmitter to energize and remain energlzed
3.7 Selective Signaling Sl : -
A means of obtalmng the attention of a specrf ic receiver by a transmttter usmg coded ,
modulation. = S

5

4. REQUIREMEMTS

4.1 Minimum Performance. Requnmments : R :
The performance of the transmitter and receiver components of a fi xed repeater shah ’
meet or exceed the requrrements of ‘NILECJ-STD-0201.00,. Fixed and Base Station: FM
Transmitters [13], and NILECJ-STD-0206.00 Fixed and Base Statnon FM Recetvers 73
The performance of the transmitter and receiver components of a moblle repeater shall -~
meet or exceed the requirements of NILECI-STD-0202.00, Mobile: FM. ‘Transmitters
[14], and NILSECJ-STD-0207.00, Mobile FM Receivers [18]. In addmon the: performance of
the repeater system shall meet- or exceed the requ1rements of thts standard these are-—
Regulatlons of the Federal Commumcatlons Commission. In addmon, all apphcable hcensmg ;
and operating requirements of the FCC shall apply 22, 23] '

4.2 User Information 8
The repeater manufacturer or distributor shall supply all the mformatlon specnf ed for'
the transmitter and receiver (see paragraph 4.2 of each appropnate standard hsted above)
as well as nominal values for the characteristics in table 1. S :
4.3 Test Sequenie o ' o ,
First, the repcater system shall be subjected to the envnronmental tests specuﬁed in
paragraph 4.4. Laboratory testing shall then be performed on“the repeater system as
specified in paragraph 4.5. Next, the transmitter and receiver components shall be tested in
-accordance with the app’ropr'iate'NILECJ standard ‘except that the tests for receiver
sensitivity, carrier output power vanance; frequency deviation, modulatlon hmltmg, and“' :
audiofrequency harmonic distortion may be omitted. : L

4.4 Environmental Characferistics ‘ o
The ability of the repeater system to operate .in envnronmental extremes shall be“
determined using the test methods descnbed in paragraph 5.3. T

2.




. 4.4 l Temperatun Stabillty e : - i ' '
.. When the. repeater system is. operated at ambtent t ;inperatures of 30° c ( 22° o
and 60° C (l40° F), its sensitivity shall be 1.4 KV or less and its-carrier output power shall .
not vary more than —3, +0 5dB: from the nommal value (paragmph 4, 2).l ,

44,27 Humuduty Siublhty ! . _
' After the repeater- system has been mamtamed at 50° c (122° F) amblent and at least -
90 percent relative humldlty for elght hours or more, its sensitivity shall be 1.4 wV or less s

and its carrier output power shall not. vary more than: —3 +0.5 dB from the noimr‘al value

4.4.3 Vibration Stability (mohile repeaters only) : §
No ﬁxed part of the mobtle repeater’ system shall loosen nor movable part be shlfted

in position or adjustment, as a resalt -of this test.

L4, 4.4 Shock_Stability (moblle repeaters only)

No fixed part of the mobile, repeater system shall loosen nor movable part be shlfted o

“in posmon or adjustment, as a result of this test

4.5 Repeater Characteristics - :

The repeater system chardcteristics “of - sensmwty, carrier output power, frequency'
deviation, modulation limiting and audlofrequency harmomc dnstortlon shall be measured in -
accordance with paragraph §.4. ; : - .
4.5.1 Sensitivity ' ' “ s 7

The repeater transmltter shall be energlzed and remain energlzed when a cw slgnal of e
0.7V or less is applied to the repeater lnput = : : < : :
4.5 2 Carrier Ouiput Power

'\\'

When the repeater transmitter is energlzed the measured carner output pow‘,r S

- delivered to a standard output load shall be- within —0.2; +04 dB of the nommal value‘
except for the initial two seconds after applying power
4.5.23 Frequency Deviation ‘ :
- When an if sngnal with standard test modulatlon is applled to the repeater mput the
meastred frequency- "Pwatlon from the repeater transmltter output shall be  within 5‘ [
percent of 3 kHz. S e R
- 4.5.4 Modulation imiting . o [ ‘ o
When an rf signal modulated wnth a l kHL audno sngnal and a frequency devnatlon of . ,
+6:kHz is applied to the repeater input, the meastired. frequency devnatlon ‘from the
repeater transmitter output shall be within 5 perf'ent of+45kHz:-.. .~
4.5.5 Audiofrequency Harmonic Distortion - B E ,
When an rf signal with standard test modulatlon is apphed to the repeater mout h"’_ -
. measured dlStOl’thﬂ at the output of the' repeater transmltter shall not exceed lO percem

s

Table 1. Minimum ?erformance Requlrements for FM Repeater_ Systems

Characterlstlc e = Reqmrements

Frequency Band (MHz)
25—-50 150-174; 400—5l2

Repeater Sensitivity ; L S 0TpY

moQw»>

Carrier Output Power Variance R .02, +04 dB
Frequency Deviation o %
Modulation Limiting ‘ e 5%
Audzofrequency Harmomc Dnstortlon e o ) 10% " N ‘
' : | Temperature and Humldlty Charactenstlcs ST

F. 'l\eoeater Sensitivity o T S N 14uV -

G.

Carrier Output Power Variance -~~~ i =3+ 0.5dB
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5.2 Test Equupment

e .-frequencres from 0.2 to 4.0 kHz with a ‘measurement- uncertamty of 0.5 percent or less.

- l Standard Test Condltuon, : : g
Unless otherwise. s ﬁed perform all measurements at standard test condmons
Allow all meas urement equ:pment #0 ‘'warm up. untll the - system has achleved suﬁlcnent
stability to. perform the measureme’nts : : :
5.1.1 Standard Temperature / o ' | A
Standard amblent tem /rature shall be between 20" C (68° F) and 30° C (86° F)
. 5.1.2 Standard Relative Humidity =
“Standard ambrent/relatwe humidity: shall be between lO pe%ent and 85 percent
“5.1.3 Standard Pow/ér Supply Voltage L
The standa’d supply voltage for fi xed repeater systems shall be 120 volts unl_;

shall be determmed from the equatlon V 13, 8 002 l where 1.is the, current, i
ampere{ delivered: to the(tnobxle unit. Dunng testmg, the standard supply volta”ge shall be' -
adjusted to within one ‘percent of the voltage requrred b :

5.2 4 Standard 'l'est Freqoencles

 deviation.
5.1.6 Standard Duty Cycle . ' :
The standard duty cycle shall be contmuous operatlon

ThlS section is llmlteu ‘to the equ1pment that is . most eritical in
measurements dlscussed in this standard. All other test. equlpment shall k
~quality. It does not mclude all of the test equrpment dlscussed in referen
52,1 Test Raenrer : ‘ P
The: test receiver used to determme the audrofrequency dlstortlon shall mclude a
standard audlo output load whose resistance is equal to the load into whrch the receiver =
~_normally operates and shall have an audlofrequency dlStOl’thl‘l of less th,an one: percent at
- -standard modulation. : : :
5.2.2 Power Meter ‘ ‘ SRR
The power meter shall measure forwara power in a 50-ohm’ system to an uncertamty
of 5 percent or less. It may bea through lme directional wattmeter, or durectlonal couplers »
with power meters on the side- arms. '
5.2.3 3 Standard Output Load ’ T o
k The standard f output load shall be a 50-ohm resnstlv‘ ' 13 1
wave ratio (SWR) of 1.1 or less at the freque_ncre being tested. ,coaxtal connectors and -
cable are used with the standard. output load the combmed SWR sball be 1. l or less
52,4 Audlo Distortion Anulyzer
Jhe" distortion analyzer: shall be capable of measurmg total

b s,

d *‘drstortton at
Thes 'nput lmpedance in- both. the distortion mode and. the - wvoltmeter ‘mode shall ‘be: l
megohm or greater. As a minimum, the voltmeter range shall be from 03 to 30 volt o
© 5.2.5 Environmenial Chamber . “ S
s The "environmental chamber shall. l;roc.luce air temperatures of =30 and 60’ C ( ~22.-
and 140° F) and relative humidities in excess of 90 percent at '50° C (122° F) while shreldmg
" the test specimen from heating: or cooling air, currénts blowing “directly on it. The
temperature of the ltem being tested shall be measured ~,wlth a thermometer separate from '_ -

4"

w
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k _' 'the sensor used torcontrol the chamber air-: temperature leewrse, v umldlty shal ’be
i measured with a hygrometer separate from the sensor used to: control humldlt‘
5%6 Devmhon Meter i ' ‘ Lot

527 FMSngnaf , |
' The FM srgnal generator shall have a 50-lohm output lev g

/ .Vaccuracy shall be pro"rded

5.3 Envnronmenmi Tesis
" '5.3.1 Temiperatire Test
S * Place the repeater systee|
B 1 =30 x2°C (=22 £ 3.6° F) Allow tl’e repeater s,vstem
R and maintain it at this tempfrature for 30 mmufes' ith"
envxronment ‘perform.the’ measurements dcscnbed in paragraph"‘“ 4.
”ad)ustnlg the repeater system. Repeat the
5.3.2 Humldny Test ‘

iy

R Subject the". repea-er

o perpendrcular d!“%ChOI/’lS *(r
“w=acceleration " of 20 g5
the repeater mountm

lune t’*‘ "‘M sngnal generator to the recelve frequency wrth no, modula' ’n,, Startmg wrt_h
Zere outpur from the generator, slowly increase the output until the_ transmttter is energrzed
. and: remeyns eriergized. Record the srgnallgenerator .output. If the: setup i t‘ igure 2-is used, -
" correct. the genemtor output for.the losses of the attenuator and dlrectlonal coupler The
value obtamed is the repeater sensrtrvnty = T , :
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Cormect the 'test e ,1pment to the repeateri* ystem m accordance wrth pjtragv/ ph:5.4:
t the FM sngnal ge1e"ator to the recelve;frequeqcy and

5.44 Modulutuon hmmng -
Cornect the test equrp ;e"lt to the repeater sttem m accordau

modulatlo,n Ad)uqt the generator if output so that one mlllxvolt is applted t(,! the recetver
~input port and the transmntter is energlzed Adyust the frequency devratlon of %ﬁe FM !.slgna!" ‘

Cmnect ‘the ‘test eqmpme.it o the/repeater system in accordance wrth pa
Set the FM' sngnal geneiator to the recenve frequency and djust the generator

less Adjﬂst the it output of ‘the stgnal generaﬂo,r .80 t)ﬁat & mllhvol lS app’ited tc the‘ o
I‘PCCIVCI' input port and the transmittsr is energlired ‘The ,;standard recelver is~sampung the‘ o

" outpuit of the transmitter. Measue thie-di i01 i '
dlstortlon analyzer ’
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