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ABOUT THE TECHNOLOGY ASSESSMENT PROGRAM .

a

B3

The Technolegy Assessment Program is sponsored by the Office of Deyelopment, Testing, and Dissemination of
the National Institute of Justice (NIJ), U.S. Department of Justice. The program responds to the mandate of the
Justice System Improvement Actof 1979, which created NIJ and directed it to encourige research and development
to improve the criminal justice sysiem and to disseminate the results to Federal, State, and local agencies.

The Technology Assessment Program is an applied research effort that determines the technological needs of
justice system agencies, sets minimum performance standards for specific devices, tests commercially available

\equipment against those standards, and disseminates the standards and the test results to criminal justice agencies

natjonwide and internationglly. )
The program operates through: . ;
The Technology Assessment Program Advisory Council (TAPAQ: consisting of nationally recognized -criminal

- Justice practitioners from Federal, State, and local agencies, which assesses technological needs and sets priorities for

research programs and items to be evalnated and tested. :
‘The Law Enforcement Standards Laboratory (LESL) at the National Bureau of Standards, which develops
voluntary National performance standards for compliance testing to ensure that individusl itemis of equipment are
suitable for wse by criminal justice agencies. The standards are based upon laboratory testing and evaluation of
reprssentative samples of each item of equipment to determine the keyuattributes, develop test methods, and establish
minimum performance requirements for each essential attribute. In addition to the W _aly technical standards, LESL
also produces user guides that explain in non-technical terms the gapabilities of available equipment. i ’
The Technology Assessment Program Information Center (TAPIC) operated by the International“Association of
Chiefs of Police (IACP), which supervises a national dompliance testing program conducted by independent agencies.
The standards developed by LESL serve as performance bench marks against which commercial equipment is
measured. The facilities, personnel, and testing capabilities of the independent laboratories ars evaluated by LESL

> prior to testing each item of equipment, and LESL helps the Information Center staff review and analyze data, Test

results are published in Consumer Product Reports designed to help justice ‘system procurement officials make
informed-purchasing desisions, € . T N

All publications issued by the National Institute of Justice, including those of the Technoiogy Assessment
Program, are available from the National Criminak Jus{%@e Reference Service (NCIRS), which serves as a central
information and reference source for the nation’s criminal justice community. For further information, or to register

with NCIRS, write to the National Institute of Justice, National Criminal Justice Reference Service, Washington, DC *°
-20531, -« o S ~

Paul Cascarano, Assistant Director
" National Institute of Justice
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This document, NIJ Standard-0204.01, Fixed and Base Sta;i'on Antennas, is an equipment standard developed
by the Law Enforcement Standards Laboratery of the National Bureau of Standards. It is produced as part of the \ ;

f-' , : ‘ ’ ) ‘ Technology Assessment Program of the National Institute of Justice. A brief description of the program uppears on 1
a the inside front cover. N ’ »

- ‘ This standard is a technical document that specifies performance and other requirements equipment must meet

\ to conform to the needs of criminal justice agencies for high quality service. Purchasers can use the test methods , \
v B ‘ 1 described in this report to determine firsthand whether a particular piece of equipment meets the standards, or they e

may have the tests conducted on their behalf by a gualified testing laboratory. Procurement officials may also refer to ;
i this standard in their purchasing documents and require that equipment offered for purchase meet the requirements,
b ‘ with compliance guarsnteed by the vendor or attested to by an independent laboratory. : &
Because this NII staridard is desighed as a procurement aid; it is necessarily highly technical. For those who ‘ \
seek general guidance about the capabilities of fixed and base station antennas, user guides also are published. The !
guides explain in non-technical Janguage how to select equipment capable of the performance required by an agency. '
%

NIJ standards are subjected to continuing review. Technical comments and recommended revisions are welcome.
U.S. Department of 7

Please send suggestions to the Program Manager for Standards, National Institate of Justice,
\

f V » Justice, Washington, DC 20531. "
Before citingethis or any other NYJ ‘standard in a contract document, usess should verify that the most recent
Laboratory, National Burean of

oy o .
“ , - : edition of the standard is used. Write to: Chief, Law Enforcement Standarde
Standards, Washington, DC 20234. 5 l
. o 1

- . : ‘ , Lester D. Shubin P
- ” : : Program Manager for Standards i
‘ : " National Institute of Justice
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. 1. PURPOSE AND SCOPE
The purpose of this decument is ‘to establish minimum performance re;luirements and methods of test for
. i N antennas that are used at base stations or other fixed sites by law enforcement agencies. This standard is a revision of
. ) NILECJ-STD-0204.00; dated November 1977. This revision expands the standard to include antennas used in the
5 ’ ¢ * 800-960 MHz frequency band and to include the design and construction details of two types of reference afftennas.
* . , o
2. CLASSIFICATION
) = For the purposes of this standard, fixed and base station antennas are classified by their dperating frequency and
s @ their gfﬁirectianal pattern. Y
’ o 241 Operating Frequency
o “ 20‘:0‘ TYP’ l 2 - Y @ =
o . Anfennas for use in the 25-50 MHz band.
‘ g 2.1.2 TYypell § »
. Antennas for use in the 150-174 MHz band. ) .
® kN e
' 213 Typem . - <
: Antennas for use in the 400~512 MHz band.
, °f 234 TypelV ) ’
. ’ Antenmas for use in the 800-960 MHz band, ;
i 2.2 Directional Pattern
221 Omnidiractional Antennas
' 2.2.2 Directional Antennas
° S e w9 . g .o
/ E i
" d : 3. DEFINITIONS
‘ The principal terms used in this document are defined in this section. Additional definitions relating to law
¢ ° enforcement communications are given in LESP-RPT-0203.00 [9]*.
°© ¥ | =1 !
] : 3.1 Antenna Power Rating
. - o } The maximum q_@gxti;zuouﬁ-wave powéi' that can be applied to an antenna without degrading its performance,
A8 o : =4 pVES
i - il ! k ¢ '
5 Q ' {QJ // | @ Urr
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3.2 Dipole Antenna, Resonant I:Ialf’-Wuvelengih

A straight radiator (usually enexgized at the center) whose diameter is small compared to its length and whose
electrical length is equal to apf)'ro&ﬁaately one-half the wavelength of the energizing signal. The radiator supports a
line current diw #ibution such that aveurrent node (zero net current) exists at each of the ends, producing maximum

radiation in the plane at the center of the anitenna and normal to its longitudinal axis.
p ¥ it

3.3 Effective Antenna Volume

The volume occupied by an antenns plus one-half wavelength in all directions when it is rotated through 360° as
required by a particular test.

3.4 Isotropic Radiator

A hypotheticai antenna radiating or receiving equally in all directions.
3.5 Major Lobe ’\

The s;)rxtenna radiation fobe that contains the direction of maximum radiation,
3.6 Pattern Recorder

A device that records the amplitude of the output signal from an antenna and receiver combination as a function
of the antenna orientation.

3.7 Pol:u’rizaﬁon

The orientation of the electric-field vector of the wave radiated by an antenna, Alternatively, the orientation of
the electric.field vector of an incident wave which results in maximum available power at the antenna terminals.

3.8 Radiation Pattern

The magnitude of the relative electric field strength radiated from an antenna in a given plane as a function of
the angle from a given reference direction, '

3.9 Relative Antenna Gain

\\‘
> * . . (3 k3 (3 L3 » . . ¥ . » ‘\\
The ratio of thé radiation Intensity of an antenna in a given direction to the radiation intensity of a reference

antenna in the same direction, with the same power input to both antennas. If the reference antenna is a lessless half-
wavelength dipole antenna, the gain is expressed in decibels relative to the dipole antenna, dBd.

3.19 Scale Ratio

«

The ratio of the operating frequency of a scale model antenna to the operating frequency of the full size antenna.
3.11 Standerd/Gain Unit

. The reference unit used to measure relative antenna gain, The gference unit is usually either an isotropic
re

radiatop4T a lossless half-wavelength dipole. For this standard, the erence unit is the lossless half-wavelength
dipo}# antenna,

"

Standing Wave Ratio (SWR) = v a

: G‘he ratio of the maximum to the minimum voltage or current appearing along a transmission line,

8.13 Wind Velocity Rating '

The maximum wind velocity that an antenna assembly can withstand without physiéal damage.
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4. REQUIREMENTS " )

8
4.1 Performance Requirements |
The antenna shall meet or exceed.all the req{xirements of this standard as given below and sun‘imm:ized in table
1. These performance requirements meet or exceed those given in the Rules and Regulations published by the
Federal Communications Commission [4,5].

<'TABLE 1. Minimum performance requirements for o
a Jixed and bese station antennas,

N

Antenna characteristic Minimyjim requirement

Rated Power Operation é}o physical damage

1.0 dB of the relative gain
specified in the major lobe,
= 5.0 dB in minor lobes

Relative Antenna Gain

1.0 dB of the radiation pattern
= wpecified in the major lobe,
5.0 dB in minor lobes

Radiation Pattern

Standing Wave Ratio 1.5 or less

Wind Velocity Rating See table 2

4.2 User Information
The information supplied to the purchaser by the antenna ‘manufacturer or distributor shall include the
following: ‘ ‘

a. Operating frequency range

b. Antenna power rating py T Y N
¢ Relative antenna gain vs. operating frequency in standard gain units
d. Polarization , o

e. Vertical radiation pattern

f.  Horizontal radiation pattern

g. Nominal impedance

h. SWR vs. operating frequency

i.  Connector type

j»  Wind velocity rating

k. Physical dimensions s

I Weight -

Antenna material composition ‘ /
n.  Operating, installation and service instructions / )
o. . Certification of compliance with this standard. ‘

" pyd
4.3 Antenna Power Rating £

. The antenna shall meet the requirements of paragraphs 4.4 through 4'.5‘) immediately after being subjected to
the test described in paragraph 5.4. In addition, the antenns shall not be physically damaged by the test. |

2] N

4.4 Relative Antenna Gain -

The relative antenna gain, measured in accordance with paregraph 5.5, shall be within 1.0 dB of the relative
gain specified by the manufacturer in accordance with paragraph 4.2.c.

4
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4.5 Radiation Pattern
4.5.1 Vertical Pattern o

. 'I.‘ht:\ vertical radiation pattern, measured id accordance wWith paragraph 5.6.1, shall be within 1.0 dB of the
radiation pattern specified by the manufacturer in accordance with paragraph 4.2.e.

4.5.2 Horizontal Pattern

The horizonfal radiation pattern shall be measured in accordance svith pﬁragraph 5.0.2. For omnidirectional
antenna‘s, thf; horizontal radiation pattern variation shall be, within 1,0 dB throughout a 360° variation in azimuthal
angle. i' or directional antennas, the horizontal radiation pattern shall be within 1.0 dB of the pattern specifieg by the
manufacturer in accordance with paragraph 4.2.f,

4.6 Standing Wave Ratio - .

0
]

. The SWR of the antenna, measured iz accordance with paragraph 5.7, shall be 1.5 or less referenced to a 50-
ohm system. ‘

l o o

4.7 Wind Velocity Rating

The anénna shall be capable of withstanding wind velocities of 114 km/h {71 mph), without ice loadings, If
mounted mog*e than‘QO m (295 ft) above the ground or if located in zones B or C (see fig. 1), the antenna shall be
capable of withstanding the appropriate wind velocity, as listed in table 2.

4.8 Muferials

W @

,. The materials used in the antenna and in auxiliary items such as support members, feed harneyses, connectors
and“mounting hardware shall provide a high strength-to-weight ratio and good resistance to corrosion: '

3 zone A
Zone B

B Zone

- o

=

FIGURE 1. Location of wind loading zones based on 50 ¥ mean recurvence interval [15],

4 “

\

3 { 4

it

TABLE 2. Wind velocity ratings [3]

s

Wind leading zone
Antenna base

height shove ground A B c

‘ Wind velocity km/h (rph)
Less than 90 m (295 fi) 114 (71) 132 (82) 145 [90) <o
90-200 ra (205-656 ) 123(765)  144(895) 161 (100) 9‘/
More than 200 m (656 ) 145 (90) 168(104)  193(120) «

5. TEST METHODS
5.1 Standard Test Conditiens

Unless otherwise specified, perform all measurements at the standard test frequencies under standard test
conditions. Allow all measurement equipment to warm up until the system has achieved sufficient stability to perform °
accurate measurements, ,

511 Standard Test Frequencies

The standard test frequencies shall be three frequencies, one each at the low end, middle ahd high end of the"
operating frequency range (par. 4.2.a). o

51.2 Standard Radiation Test Site

The standard radiation test site shail be located on level ground which has uniform electrical characteristics (i
ground constants). Reflecting objects (especially large metal objects), trees, buildings, and other objects which would
perturb the electromagnetic fields to be measured should be no closer than 90 m (295 ft) to any measuring instrument
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 m (approximately 1.0 ft). The ambient electrical noise level ‘shall be carefully
menitored to insure that it does not interfere with the test being performed. The ambient noise Jevel should be 14 dB °
or more below the minimuin signal levels being muasured. i ‘

51,8 Standard Test Range .

Either a slant range, a ground level range or an elevated range may be used to measure relative gain and/or

.. verticl and horizontal radiation patterns, In each, the distance between the two antennas, R, shall be ten wavelengths

or 2 d*/M (where d is the largest dimension, in meters, of the anterma under test, and X is the free space wavelength,
in meters, of the test frequency), whichever is greater. After/iurning on the signal source, the resultant
electromagnetic field shall be probed using a hulf-wavé}\fi-\}gth”dipole antehna over the effactive antenna volume (par.
3.3) of the antenna to be tested to insure that the field l{ﬂrength variation is less than £3/4 dB. If the field strength
variation exceeds +3/4 dB, the range should be consideréd unsatisfactory, If a slant range is used, the eiourqp antenna
should be positioned within a few centimeters of the ground, and the antenna under test should be locaved about
20-30 m (66-99 ft) above ground level. If a ground level range is used, both antennas shall be positioned close to the
ground such that the first maximum of the interference pattern of the source antenna and its image shall be placed at -
the center of the test antenna, If an elevated test range is used, both the antenna under test and the source antenna
shall be glevatsd sufficiently that the reflected signal from the source antenna is negligible at the center of the
antenna und’test when the major lobes of both antennas are aligned. .

5.2 Test Equipment

The test equipment described in this section is limited to the equipment that is most critical in making the
required measuremetits. All other test equipment shall be of comparable quality, %
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o : 521 Receiver ’ ' ANTENNA UNDER TEST

" The receiver shall be Weli-shielded, capable of operating over the frequency range of the antenna under test and & o o :

. /.shall be calibrated such that it can Tneastire-voltages of Lo 10 mV_with an aceuracy of 6% and a resolution of 2%, [t ‘ '

& T /shall have an input impedance of 50 ohms and an SWR of 1.5 or less, * . K%

S . ‘ A : NON-METALLIC '

5.2.2 Antenna Pattsrn Recorder ‘ L SUPPORT |~

The stability of the antenna pattern recorder shall be such that it can reproduce patterns to within 0.2 dB.

SOURCE

G 5.2.3 Reference Antennas o .‘,’ ANTENNA

! Either of two types of reference antennas may be used, naméiy, the EIA standard antennas or the standard . -

dipole antennas. Details of their design and construction are given in appendix B. ; - ST ’ SIGNAL

P & & PP : : Recoroey [{REcEnvER | | - SOURGE
324 Power Meter / '

N

R —

The power metexfhaﬂ measure both forward and reflected power in a 50-ohm system with a full-sgalé'\ 7 _
5 : uncertainty of 5% ar le ¢ 1 may be a through-line directional wattmeter, or directional couplers with power meters on ) FIGURE 2. Test setup for measuring relative anteana gain and vertical radiation pattern.
the side arms, o )

o

R

o 5.3 Scale Model Measurements o

S . ; : . . N ‘ s . i is test. Obtain the
Accurate radiation pattern and relative antenna gain measurements are difficult to obtain for type I antennas recorder. Do not adjust either the pattern recorder or ‘he‘ f"gfml souree for etl.xe r}c:ma;nderdoif:i th:isbtesitts ?:; or axis
because of the sntenng size. For type I antennas, scale model techniques may be used, provided certain precantions vertical radiation pattern of the antenna under test by rotating it through 360° in the plane defined by j

¥ are observed: The scale mode] shall he constructed to the following aceuracy: and that of the source antenna, The starting and ending points on the pattern record should be the same. If they are

N s ” . " not, repeat the measurement, Repept for each of the other two standard test frequencies,
o Ly = (L£1%)V/R . ‘ ‘ :
., . . a ; ° ’ 562 Horizontal Patters Test < v

w}xere R is the scale ratio, L is any significant lmefn' dimension of the scale model, and L is the corresponding linear v L Position the two antennas as shown in figure 3, with their major axes parallel to each other and perpendicular to

. dimension of the full-size anfenna, The scale ratio shall not exceed six, The parts of the scale modei shall be . o line that connects their midpoints,. Adjust the signal sourcs and the pattern recorder controls so that the

’ constructed of the same materialsas the corresponding parts of the full-size antenna. if the supporting tower or mdjt - th:txrz{agxnar)(;exxliz di:atec:r;‘uflcs cale. Do nci mak'e adjustments for it remainder of this test. Rotate the antenna under

R . oy ; LT o a . pattern recorder . o

e : :):; e%ichf ally le ssential part Of,/the antenna or affects the electrical P %rfonnange of the autena, it alpo shall bs oo test through 360° about its major axis to obtain the horizontal radiation pattern of the antenna under test. The

’ 1 ’ rhcted to seale. s o starting and ending points on the pattern record should be the same, If they are not, repeat the measurement, Repeat
* : : 5.4 Rated Power Operation Test : ‘ L ‘ : for each of the other two standard test frequencies.

‘ If authorized by the Federal Communications Commission 1o do S0, mount the antenna on an outside range at a ’ ( PXIS OF ROTATION
temperature of at least 20 °C (68 °F) and apply rated power (par. 4.2.b) for 4 h at one of the standard test frequencies, ' k ) /

I not authérized to transmit at rated power into free space, place the antenna in a chamber that will provide 60 dB or
more of shielding and perform the same test. i i : = c

l/ ANTENNA UNDER TEST

¢ ¢ ,‘ i :

55 Relative Antenna Gain Test o

Mount-the soufés antenna and the antenna nridzr test in accordance with paragraph 5.1.3 so that their major
e 0 transmitting/receiving lobes ‘are positivned for horizontally polarized signals, and connect the equipment as shown in

I figure 2. Tune the signal source to one of the standard test frequencies, and adjust its output until 4 convenient ' FR.
o : reading is chtained ‘on the patterit recorder. Position and align both antennas for the maximum indication on the vooRs
s 7 Pattern recorder 4nd record this reading, P,, in deeibels. Do not adjust the signal source for the remainder of this test, -
E . Remove the antenna uader test and replace it ‘with the reference antenha, Position and align the referenze antenna for - ’ma—\'?/ SOURCE
i the maximum Jreceivedc’sigual and record the reading, Py, in decibels, The relative antenna gain, in decibels, is g ANTENNA
: Py~Pp-+Gy, where G, is the gair of the reference antenua, in dBd, relative to that of the standard gain unit, Repeat - 1 ’ R :
for each of the other two standard test frequencies. ' ’ | : o ' : A SIGNAL
. . , - , REConau ] RecetveR ) SOURCE
Ty e 5.6 Radiation Pattern Tosts | @ : , ) , Ty
561 Vertical Pattern Test o ? . WWWWWWW&%WWWWWW

o

& - FIGURE 3.  Test setup for measuring hotizontsl radiation pattern.

Use the same measurement setup as deséribed in paragraph 5.5 and ﬁgure 4. Align and position fr‘btb the source 2

-~

and test antermas for maximun signal strength. Adjust the signal source for ull sealecindication on the pattern . i " ’
6 : | | ‘ byl
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APPENDIXV A-—BIBLIOGRAPRY

. 1. Brown, J. 8., and McKee, K. E., *Wind Loads and .éntemia Systems,” Bulletin 605 (Sept. 1964),
2. EIA Standard ﬂS-?.‘ZZ-C, “Structural Standards for Steel Antenna Towers and Antenna Supporting Structures”

57 S?undn}ng Wave Ratio Test

. 3 g N O § ,;
Although SWR is defined in terms of voltage or current, the measurement 5‘i’ocedure described herein uses a
Power measurement technique to'determine the SWR, ° o j’

Mount the antenna under test on a tower, in the same manner in whick it i ith i S * (Mar. 1976). :
‘ : s ~aormally used, with its base at least N , ke @ . sl : :
3 m (10 ft) above ground. This is important for mountings where the antenna suPPortin; structure is in the :ielsa:f . > Eg:xféagigdnii? iQ—A:’ (ghmrfgu’;ns)btandards for Land-Mobile Commurications Aaxtennags, Part 1—Base o5
> " T fo ennas” (Dec, s ‘

4. Federal Communications Commission Rules and Regulations, Fart 90, Private Land Mobile Radio Services (Jam.

1979).

. Input terminals use a transmission line with an SWR of 1.05 or less .
5. Federal Communications Commission Rules and “Regulations, ‘Part ?4, Private Operational-Fixed Microwave
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‘ LT APPENDIX B—REFERENCE ANTENNAS .

o

EIA Reference Anisnnus

The basic configuration of the EIA reference antenna is illustrated in figure B-1. It consists of twp Pgrallel half-
wavelength dipoles connected in parallel by two symmetrical sections of balarced open-wire transmission line., The

" dipoles are one-half wavelength apart, and are located one-quarter wavelength away from the conducting ground plane

i~

Which is one wavelength by one wavelength in size, -

‘There are four antennas, each designed to operate over a given frequency band. Thete frequency bands are:
148-174 MHz, 406-450 MHz, '450~512 MHz, and 800-960 MHz. The dimensions and detailed construction of each
antenna are shown in figures B-2 threugh B-5, The antennas shoiild be constructed of a lightweight highly conductive
material such as almpinum or other comparable materials, L

The antenra impedance should be tuned at each frequency by adjusting two tuning slugs and the tuning
assembly. This can be accomplished by torminating the antenna coaxigl connector in the desired impedance (usually
50 ohms) and, while measuring the SWR, adjusting the two tuning slugs for minimurii SWR. This may take several adjustments,
Then mové to the tuning assembly anid adjust it for minimum SWR. It may be necessary to repeat the entire process several times in

order to achieve the lowest SWR, ‘ .
9 JA s
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! @ FIGURE B-1. Basic EIA reference amtenna,
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Ficure B-2. 148 to 174 MHz EIA reference antenna {all dimensions in centimeters).
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FiGURE B-6. 450 10 512 MHz EIA referente antenna
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FictRe B-7. 450 10 512 MHz EIA reference antenna {all dimeasions in inches).
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The gains of these reference antennas are listed in table B-1. A series of measurements were made at the
National Bureau of Standards [12] on several antennas of this design to determine typical gain figures, Measurements
were made at selected frequencies ind selected bands on antennas that were similar in construction and supposedly
identical to each other in electrical performance. However, the measured gains of these antennas varied, apparently
because of minor differences in construgtion. The gain figures listed in table B-1 should be accurate within 20,6 dB.

G

Tavtk B-l.  Gains of EI4 reference antennas relative to the
standard gain units

Frequency {(MHz)

Band (MHz) Gain {dBd)
’ 148-174 148 75
148-174 160 7.1
148-174 (L 174 8.0
406-450 406 76
406-450 428 7
406-450 450 79,
450-512 450 7.5 )
. 450-512 481 & )
450-512 519 7.0
800-960 800 ‘1
800-960 882 77
800-960 8.0

960

B

Dipole Reference Antennas-. o

The standard dipole antenna is a self-resonant half-wavelength dipole straiéht radiator as Cgiescribed in paragraph o
3.2! f\

- In order to-achieve a self-resonant, half-wavelength dipole antenna, it is necessary to make the overall length of
the anterina less than a half-wavelength. The shortening is a function of the antenna rod diametér and frequency. The
percent shortening is determined by the following equation: ’

o

2708 7 0
% shortening = “"‘I'(‘;"‘ ) :
where °
K, = 120log, (\/d)-1,
= antenna rod diameter in centimeters, and

A
Fa

d
A = free space wavelength in centimeters.

2 The balanced transmigsion line of a dipole antenna must usually he transformed to an unbalanced eoaxial‘{i\\
transmission livie in brder to connect it to the measuring system. This can be accomplished in several ways, such as by
using a balun transformer or quarter-wavelength transformation stubs.

) 19
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