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FOREWORD =

Followmg a Congressional mandate’ to develop new ‘and- xmproved techmques, )

systems, and equnpment to strengthen law enforcement and-criminal justice, the National

 Institute of Law Enforcemént and Criminal Justice (NILECJ) has established, 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 cn'mnal Justxce '

agencies in the selection and procurement of quality equipment.

In response to priorities established by NILECJ, LESL is il) sub_lecnng exnstmg‘

equipment to laboratory testing and evaluation and (2)- conducting research leading to the
development of several series of documents, including national voluntary equipment
standards, user guidelines, state-of-the art surveys and other reports.

This document NILECJ-STD-0204,00; Fixed and Base Station Antennas, is a laww

enforcement equipment standard developed by LESL and approved and issued by

NILECJ. Additional standards. as well as other documents are being issued ‘under the

LESL program in the areas of protective equipment, communications equipment, security
systems, weapons, emergency equipment, investigative aids, vehicles and clothing. ’

This equipment standard is a technical document consisting of performance and other

requirements together with a description of test methods. Equipment which can rneet' these
requirements-is of superior quality and is suited to the needs of law enforcement agencies.

Purchaomg agents can use the test methods descubed in ‘this standard: to. determine
firsthand whether a particular equipment item meets the requirements 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 comphance be
- either guaranteed by the vendor or attested to by an independent testing 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 '

fixed and base ‘station antennas. The NILECJ Guideline Series fills that need. We plan to

issue guidelines to. this as well as other law enforcement equipment as soon as. pOSSIble,‘

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

The guideline documents being issued are highly readable and_tutorial in nature in -

contrast to the standords, 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 concerning the: capabilities of equipment

currently available.. They may then select equipment appropriate to the performance
required by their agency. Recommendations for the development of particular gundeimes
should be sent to us. 2

NILECJ standards are subjected to contlnumg review. Technical comments and

" recommended revisions are invited from all interested parties. Suggestions should be

addressed to the Program Manager for Standards, National Institute of Law Enforcement
and Criminal Justice, Law Enfon,ement Assistance Administration, U S Department of
Justice, Washington, D.C. 20531~ .
Lester D Shubm Tl -
*Program Manager for Standards..
National Institute of Law ~
Enforcement and Criminal Justice

Section 402(b) of the Ommbus Crime Control and Safe Sireets Act of 1968, as dmended

e h\ank

v




R I S © NILECJ-STD-0204.00

NILECJ STANDARD
FIXED AND BASE STATION ANTENNAS

I. PURPOSE AND SCOPE

The purpose of this document is to establish minimum performance requrrements and
methods of test for antennas that are used at base’ statlons or other fi xed sites by law
enforcement agencies. :

2. CI.ASSIFICATION

For the purposes of thrs standard, fixed and base statlon ‘antennas are classrf ed bv :

their operating frequency and their directional pattern.

2.1 Operating Frequency
2.1.1 Typel
- Antennas for use in the 400-512 MHz band.
2.1.2 Type I~
Antennas for use in the 150-174 MHz band.
2,1.3 Type Wi

Antennas for use in the 25-50 MHz band
2.2 Directional Pattern ,
2.2.1 Omnidirectional Antenna S i
2.2.2 Directional Antenna

i
5/

3. DEFINITIONS

pan

The* prmcrpal terms used in this document are defi ned in this section. Addrtronal. o
definitions relating to. law enforcement commumcanon are glven in: LESP RPT-0203. 00 7.

3.1 Antenna Power Rating :
» The maximum continuous-wave power that can be applled to an antenna without
degrading its performance : : “

3.2 Dipole Antenna, Resonant Half-Wavelength i TP

A straight radiator (usually energlzed at the center). whose diameter i is. small compared
to its length and whose electrical length is equal to approximately one-half the wavelength T
of the energizing signal. The radiator supports a line current distribution such that a.current
node (zero net current) exists at each of the ends, producing maximum radlatlon in the '

plane at the center of the anténna and normal to its longitudinal axis.
3.3 Directional Pattern (Radlahon Pattern)

The transmitting or receiving propemes of an antenna as a functlon of direction.
Dlrectlonal patterns are frequently given m vertrcal and honzontal planes..
34 Effectlve Antenna Volume S

The volume occupred by an antenna plus’ one—half wavelength in all dlrectrons when it
is rotated through 360° as required by a particular test. :

o




3. 5 ISOH’opIC Rudlutor ‘ R / R R
" A hypothetical antenna radlatmg or receiving, equally in all dlrectlons

3.6 Pattern Recorder : .
B A device that records the amphtude of the: output sngnal from an antenna and receiver

cdmumatron asa functron of the antenna orientation.
3.7 Polar:zahon

The orientation of the electnc-ﬁeld vector of the wave radxated by an antenna. «

Altematlvely, the ornentatlon of the electric-field vector of an incident wave which results
in maximum avallable power at the antenna terminals.
3.8 Relative Antenna Gain

The ratio of the radiation mtensnty of an-antenna in a given direction to the radiation
mtensxty ‘of a reference antenna inthe samie direction; with the same power input to both
antennas. If ‘the reference antenna.is a loss-l€ss half-wave dipole antenna, the gain is
expressed in decibels relative to the dipole antenna, dBd.
3.9 Scale Ratio '

The ratio of the operating frequency of a scale model an tenna to the operatmg
frequency of the full size antenna. : N

3.10 Standing Wave Ratio (SWR)

The ratio of the maximum to the mlmmum -voltage or current appearmg aiong a

transmission line.
3.11 Wind Velocny Rating

damage.

4, REQUIREMENTS

4.1 Performance Requurements

The antenna shall meet or exceed all the requ1rements of thns standard as glven below .

and summarized in table 1.
4.2 User Information

The information supplied to the purchaser by the antenna manufacturer or dlstrlbutor‘

shall mclude the following:
a. Operating frequency range
b. Antenna power ratmg
c. Relative antenna gain vs. operatmg frequency
d. Polarization
e. Vertical radiation pattern
f. Horizontal radiation pattern
g. Nominal impedance e

Table 1. Minimum Performance Requirements for Fixed and Base Station Antennas

Antenna Characteristic Minimum Requirement
Rated Power Operation . No physical damage ‘/
Relative Antenria Gain ' = 1.0 dB of max ‘relative gain
Radiation Pattern , + 1.0 dB or 10%. of max relative gain,
Y whlchever is greater "
Standing Wave Ratio 1.5 or less
Wind Velocity Rating /  See table 2 i
2

The maximum wind velocity that an antenna assembly can w1thstand WIthout physxcal ‘




W

h. SWR Vs, operatmg frequency
- i. Connector type
j. Wind velocity ratmg
k. Physical dimensions , R
1. Weight ’ , ST § .
< m. Antenna material composition .
n. Operating, installation and service instructions.
o. Certification of comphanr‘e with thls standard
43 thed Power Operation '
The antenna shall meet the requu‘ements of paragraphs 4.4, 4.5, and 4. 6 lmmedxately
- after being subjected to the test described i in paragraph 54. In addmon, the antenna shall
not be physically damaged by the‘test, ..
4.4 Relative Antenna Gain :
The relative antenna gain, incasured in accordance with paragr"ph 5.5, shall be within
1.0 decibe] of the maximum relative gam specified by the manuracturer in accordance with
paragraph 42c¢c. .. i :
4.5 Radiation fattern
4.5.1 Ventical Pattern

The vertical radiation pattern, measured in accordance with paragraph 5.6.1, shall be

within 1.0 decibel (or 10 percent of the maximum relative gain in decibels, whichever is

greater) of the radiation pattem specified by the, manufacturer in accordance wnth paragraph

4.2.e.
4.5.2 Horizontal Puhem

The horizontal radiation pattern shall be measured in accordance with. paragraph 5 6.2.
For omnidirectional antennas, the horizontal radiation pattern variation shall be within 1.0

decibel throughout a 360° variation in azimuthal angle. For directional antennas, the

horizontal radiation pattern shall be within 1.0 decibel (or 10 percent of the maximum

relative gain in decibels, whichever is greater) of the pattem specified by the manufacturer
=-in accordance with paragraph 4.2.f. :

4.6 Standing Wave Ratio

The SWR of the. antenna, measured in accordance w1th paragraph 3.7, shall be 1.50r .

less referenced to a SO-ohn system. . , , .
- 4.7 Wind Velocity Rating o R N

The antenna shall be capable of wnthstand!ng wind velocities- of 114 klloneters per

hour (71 miles per hour), without ice loadings. If mounted more than 90 meters (295 feet)

above the ground or if located in zones B or C (see figure 1), the antenna sha}l be capablcfi 7

) of withstanding the appropnate wind velocrty, as hsted in table 2
4.8 Moterials '

The materials used in-the antenna and in auxiliary- items such as support . .nembers,-.,'”~

fesd harnesses, connectors and mountmg hardware sha‘l provzde a hlgh strength-to weight
atro and good resrstance to corrosron .

Table 2. Wind Velocity Rating [2]
“Wind Loading Zone

Antenna Base

Height Above Ground A B - C
» Wmd Velocxty km/hr (mlfhr)
Less than 90 m (295 ft) 114 (71) 132 (82) 145 (90)
90-200 m (295-656 ft) 123(765)  144(89.5) 161 (100)
More than 200 m (656 ft) 145 90) l68 (104  193(120)
3.

(53
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CJZone A
- Zune B

Fiqure 1. Location of wind loading zones based on 50 year mean récurrence i‘nte‘r‘\}a’l.

5. TEST METHODS

5.1 Standard Test Condmons 1
Unless otherwise sper‘xf ed, perform all measurements at the q(tandard test’ frequencxes

|
i

under standard test conditions. Allow all measurement equnpmex‘ft to warm up unnl me ‘

systern has achieved sufficient stability to perform accurate measurements.

5.1,1 Standard Test Frequencies - -

The standard test frequencies shall be three frequencies, one” each at the low end

middle and high end of the.operating frequency range (4.2. a)
5.1.2 Stdndard Radiation Test Site

The standard radiation test site shall be located on Ievel ground which has umform
electrical characteristics (ive., ground constants) .Reflecting, objects (especnally large metal
objects), trees, buildings, and other objects which would perturb the electromagnetnc fields- -
to be measured should be no closer than 90 meters (295 ft) to any measunng mstmment or_ .

.~ the equipment under test. All utility lines and any control circuits- within" the test- site
" should be buried underground to a depth of 0.3 meter- \apordmmately 1.0 fr). The ambient

electrical noise level shall be carefully -mofitored to insuré that it does. not interfere with

the. test being performed. The ambient noise level should be 14. dB or more: below them i

signal levels being measured. . R S

+,.5.1.3 Standard Test Range- g ,
Either a slant range, a ground level range or an elevated range may be used to £
“~measure relative antenna gain and/or vertical and horizontal radiation.patterns.. In each the
~ distance between the two antennas, R, shall be ten wavelengths or.2 d/X (where d is the:
largest dimension, in meters, of the antenna under test, and A is the free space waveleng‘n,

3,
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antenna to be tested to insure that the-field strength vanatlon is less than. *3/4 decibel. Ifa ,
slant range is used, the source antenna shall be posmoned within a few centimeters af the ‘
ground, and the antenna under test shall be located about 20-30 meters (66-99 fee") above
grouz’a level. If a ground level range is used, both antennas shall be posrtloned close to the
: ~ground such that the first maximum of the interference pattem of the sourgé antenna and
e its.image shall be placed at the center of the test antenna. If an elevated.test range is used, 7
. both the antenna under test and the source antenna shall. be elevated: sut’ﬁmently such that

~ test when the major-lobes of both antennas are alrg,ned

5.2 Test Equipment . , .
' The test equipment descnbed in thls section is hmltcd to the eau.pment that is most

g " critical in making the reqmred measurements. A!! other test equnpment shall be of
SR comparable quality. ' . / . "
5.2.1 Receiver : A e

The receiver shall be well shielded, capable of operatmg over the frequency range of

- mV with an accuracy of 6 percent and a resolutlon of b percent 1t shail have an mput -
® lmpedance of 50 ohms and an SWR of-1.05 or less T -
R 5.2.2 Antenna Pattern Recorder - : o s
The' stability ‘of the antenna pattern recorder shall bﬂ such that it can reproduce
patterns to within 0.2 dB. ' , v :
52.3 Rel‘erence Antenna : E ' ‘ :
u The standard reference ante'ma shall be a self-resonant half-wavelength dlpole whose
o antenna gain is 2.1 dB relative to an isotropic radlator
5.24 Source Anterna

o

i

polarized fields, not necessarily at the same time.
~ 5.2.5 Pewer Meter ‘

®  with a fulk scale uncertainty of ‘5 percent or less. It may be a through-l’ne r‘rrecnmal
' wattmeter, or directional couplers with power meters on the side arms. .

;/"'

5.3 .5cale Model Measurements A :
Accurate radiation pattern and relative antenna gam me asureﬂents are thf' cult to
,omam for type 1Il antennas because of the antenna_size. For type III antennas, . scale
‘model techniques may be used, prov.ded certa'n‘precauuons -are observed. Thf‘ scale &
.model shall be constructed to the follong accuracy: -

= (L* l%)/R

_any sxgmf carn- linear dimension of the scale niodel; and L

where R is the scale ratio, L i
is the corresponding lmear
exceed 6. The parts. of ‘the 'scale modei shall ‘be constructed of the’ same ‘materials as the
corresponding parts ¢ Jf ‘the full:size antenna. If the supportmg tower or mast is an..
“electrically essentigl’ part of ‘the antenna cr affects the electrlca! performance of the

antenna, it also shall be- constructed to scale. - : :

5.4 Rated l’ower "Jperahon Test oo : : :
R horized . by the Federal Commumcanons Commtssmn to do so, mount the -
antc:rma on'an outsizlé range at a temperature of at least:20° C (68° F) and apply rated
'fpower (paragraph '4.2.b) for four hours at onf‘ of the standard test - frequencres If riot

. _,,dw.rl provrde 60 decnbels or more of shleldmg and perform the same tect'

5

in meters, of the test: freauency) whtchever is greater After tummg on the 51gnal source, s
" the resultant electromagnetrc field shall be probed over the effectlve anténna, volume of the .~~~

the reflected signal from the source antenna is neghgtble at the center of the antenrna under

~the antenna under iest and shall. be calibrated such that it can measure vgltages of Lto 10 -~

The source antenna shall be capabie of radiating both vertically and Imrrzontally' g

- The power meter shall measure both forward and reﬂected power in a.50-o0hm system ,,; S

dimension of -the full- -size antenna. The scale ratro shall not- .7

authorized*to tfansmit <t rated power into. free space, place the antenna ina Cnamber that e




5 5 Relative’ Anfenna Gam Test : ' ;
- "Mount the source, antenna and the. anten,na under test in accordance with paragraph e
o 5.1.3 so “that” their maximum’ transmtttmg/recelvmg lobes arg posrtloned for honzontallylv
- polarized mgnals, ‘and ‘connect the- equ:pxyent as’ shown in t‘ gure 2. Tune the signal sourc
~to one of the standard test frequencne and -adjust its oymut until a convenient readmg is v
- obtained' on’ the pattern recorder. Position and ahgv/ both antennas for the maxnmum ’ '».;f’ 0
- “indication on the pattern recorder and record this rf*admg, P4, in decibels. Do not adjust
the signal source for the remainder of this test. Remépve the antenr:a under test- ‘and rep!ace
s it with the reference antenna, Position’ and abgn the reference antenna for the ‘maximum -
o received signal and record the readmg, PRy ‘in decnbels The relative anténna gam in th

direction. of maximum radiation is Py~ PR, in. decnbels relative-to a dip -

each of the other two standard test ’requencxes ‘

- 5.6 Radtailon Pattern Tests
5 6 l ‘«.mcal Pattern Test

il ‘s'ca'le mdxcatlon on the pattem recorderg Do. not. adjust/ elther the,ﬂ"
| "the vertlcal

by 1ts— majo‘ axis and that of ‘he‘ sourcefantenna Tbe startmg and/endmg pomts on the;,v R ‘
pattern récord should .be. ‘thesdme. If they ‘are not, repeat the. measurem..nt Repeat for .o o
“each of the other fwo standard test frcquencies R T A A
5.6.2 Horitontal Pattem Test JURTEE R R
R POalthﬂ the two antenrias as shown in fi igure 3, ‘with thetr mdj(‘tl‘ axes parallel to each
N other in a vertzcal plane and perpendlcular to the:’ imaginary line" that ' ‘connects’ thelr)
' _midpoints. ‘Adjust the signal source and the ‘pattern recorder cortrols so that the“pattem
- recorder indicates full scale. Do fior maké” adJustments for -the remainder of this. test.
" Rotate the anterina under test through 360° about its maJor axis ‘to- obtain the honzontal ,
radiation pattern of the antenna under test. The starting’ ‘and endmg points on the pa'tem e
record should be the same. If they are not, repeat- the measurement Repeat foréeach of the,
other two- mandard test frequencres : '

- Standmg Wave Ratio Test - TR ‘
Although SWR rs defined in. terms of voltage or eurrent the measurement procedure--" i
described herein uses a power meaaurement teehmque fo determme the SWR ok

ANTENNA UNDER TEST = 4

NON-METALLIC | o \ ‘ . R . i

SUPRORT

+.” SOURCE *
ANTENNA :

PATTERN' 516G AL
RECORDER : SOUR ;F

B ,"ff"//////////////////,////////////// s T

& %, Test setup for mgasurlnq rclat;ye antenna oaln and B
vertigal rad;aclon pattern.fyf' ! s
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Mount the antenna under test on a tower in the samie: manher in"which- lt is norma!ly"
used with its base at least. 3 meters (10 feet) above ground This-is’ rmponant for mountmgs
where the antenna sunportmo structum |s in the f’eld of the antenna Connect th'

. input termmals If the lme loss in fhe i iransmnssuon lme connectmg the power meter to"
~ the antenna input terminals exceeds 0 5 dB correct ;mea‘sm‘edf*-SWR o‘el_imin,ate ‘the.
effect of the line loss, < ‘ ‘ R R s
- Use the power meter to measure: tﬁe \mcxdent power dehv\.red to the antenna and the. .
‘reﬂerted power from the antenna. Calcuiate the \M ﬁ'Oﬂ‘ the  following relatlonshlp, ‘ KR
where P is the mcrdent power m wa'ts and P the re ﬂected power in watts. ~
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- 027-000-00325-7

027-000-00342-7 -
© 027-000-00344-3
" 027-000-00343-5

027-000-00346-0

- 027-000-00347-8

- 027-000-00357-5

027-000-00358-3

- 027-000-00366—4 .
027-000-00370-'2 -

027-000-00452-1
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LAW ENFORCEMENT STANDARDS PROGRAM REPORTS

(LESP-RPT) (Continued)
TITLE

Batteries Used with Law Enforcement Communica-
tions Equipment—Comparison and Performance
Characteristics, May 1972

Batteries Used With Law Enforcement Communica-
tions "Equipment—Chargers and Charging Tech-
niques, June, 1973

Technical Terms and Definitions Used With Law
Enforcement Communications Equipment, June
1973

Terms and Definitions for Police Patrol Cars, May
1974

- Simplified Procedures for Evaluating the Image Qual-

ity of Objective Lenses for Night Vision Devices,
May 1974

Image Quality Criterion for the Identification of
"Faces, May 1974

Voice Privacy Equipment for Law Enforcement
Communications Systems, May 1974

Test Procedures for Night Vlsmn ‘Devices, May _

1974

Survey of Image Quality Criteria for Passive Night
Vision Devices, June 1974

Lire Cycle Costing Techniques “Applicabic to Law
Enforcement Facilities, May 1974

Automatic Vehicle Location Techniques for Law
Enforcement Use, September 1974

Summary Report on Emergency Vehicle Sirens,
September 1974

Repeaters -for L.aw Enforcement Commumcatlons
Systems, October 1974

Terms and Definitions for Intrusion Alarm Systems,
October 1974

The Police Patrol Car: State of the Art, July 1976

Photographic Terms and Definitions, October 1975

An Evaluation of Police Handgun Ammumtlon Sum-
mary Report, October 1975

Directory of Security Consultants, QOctober 1975 -

Electronic -Eavesdropping Techniques and Equip-
ment, September 1975

Standard Reference Collection of Forensic Science -

Materials, February 1977
A Simple Test for Evaluating the Spectral Responsiv-
ity of Monochrome TV Cameras, February 1977
Anthropometry of Law Enforcement Officers, De-
‘cember 1976

 Tests of Hand-Held Metal Weapon Detectors, March

1977

- A Trace Vapor Generator for Testing Vapor Gener-

ators, March 1977
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- 027-000-00156-4

- 027-000-00216-1

027-000-00214-5

 027-000-00252-2

027-000-00255-2

027-000-00261-7

027-000-00260-9
027-000-00257-9

© 027-000-00259-5

027-000-00284-6
027-000-00282-0

027-000-00289-7

027-000-00288-9

' 027-000-00290-1

027-000-00345-
027-000-00373-7

027-000-00374-5

027--000-00372-2

| 027-000-00362-1

027-000-00444-0

027-000-00445-8
 027-000-00458-0

027-000-00454-7

027-000-00453-9
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0301.00 Selection and* Apphcatlon Guide to thed Surveil- S ;-
‘ : lance Cameras 027—000—00281-—1 T
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