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" FOREWORD

Following a Congressional mandate* to develop new and improved techniques, systems, and equipment to
strengthen law enforcement and criminal justice, the Nationa] Institute of Law Enforcément and Criminal Justice, now
the National Institute of Justice (NIJ), established the Law Enforcement Standards Laboratory at the National Bureau
of Standards. LESL’s function is to conduct research that will assust law enforcement and cnmmal Jusnce agencies in

' the selection and procurement of quality equipment,

In response to priorities established by NIJ, LESL is: (1) Subjecting existing eqmpment to laboratory testing
and evaluation and (2) conducting research leading to the development of several serles of documents, mcludmg

national voluntary equipment standards, user guides, and technical reports,

" This document, NIJ-STD-0219.00, Continuous Signal-Controlled Selective Signaling, is a' law enforcement
equipment ' standard developed by LESL and approved and issued by NIJ. 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, mvesngatr/e 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 meet these requirements is of superior quality and is suited to the
needs of law enforcement agencies. Purchasers can use the test methods described 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 requlrements and that

this comphance be either gnaranteed by the vendor or attested to by an independent testing laboratory. .

Thz necessarily technical nature of this NIJ standard and its special focus as a procurement aid make it of
limited use to those who seek general guidance concerning continuous signal- controlled selective signaling. The User
Guide Series is designed to fill that need. We plan to issue guides to various items of law enforcement equipment as
soon as possible, within the constraints of available funding and the overall NIJ program.

' The user guides being issued are highly readable and tutorial in nature in contrast to the standards, which are
highly technical and intended for laboratory use by technical personnel. The guides provide, in non-technical

- language, information for purchasing agents and other interested persons concerning the capabilities of equipment

cuxrently available. They may then select equipment appropriate to the performance required by their agency.
NIJ standards are subjected to continuing 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 Justice, U.S. Department of Justice, Washington, DC 20531.

Lester D. Shubin
Program Manager for Standards
* National Institute of Justice

*Section 402(b} of the Omnibus Crime Control and Safe Streets Act of 1968, as amended.

**Prior to citing this standerd, or any other NIJ equipment standard, in a contract document the user should verify that the most recent edition is
used. Write to: Chief, Law Enforcement Standards Laboratory, National Bureau of Standards, Washington, DC 20234,
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1. PURPOSE AND SCOPE

The purpose of this document is to estabhsh performance requirements and methods of test for cont,muous
signal-controlled zelective signaling in transceivers used by law enforcement agencies. Performance standards for such
transceivers, exclusive .of special subsystems such as 51gnal controlled seleatwe sngnalmg and voice privacy, have
already been published ;7-11}* -

This standard applies to contimtous tone-controlled selectxve 51gnahng (CT CSS) with tone- frequencies below 300

- Hz and to continuous digital-controlled selective signaling (CDCSS) with dats rates between 100 and 150 bits per -

second

2. CLASSIFICATION

_ - For the purposes of this standard, continuous signal- controlled selective sxgnahng systems are classxf‘ ed by their
4 o codmg methods L

2.1 Typel

Continuous tone-controlled selective signaling (CTCSS).

2.2 Typell

Continuous digital-controlled selective signaling (CDCSS).

3. DEFINI'{IONS

The principal terms used iz thls document are defined in this section; Additional definitions reiatmg to law
enforcement communications are given in LESP- RPT-0203.00 [5]. :

I . 3.1 Bigs D:siomon

For a binary-coded s:gnal bias distortion is the lengthemng of either the mark or space elements. When the '
space elements are lengthened, the distortion is called spacing bias; when the mark elem¢nts are lengthened, it is
called marking b blas

32 Code Data Rate a
The number of bits per second of the CDCSS code.
3.3 Code Modulation Deviatien |

The permissible range of FM carrier modulat’in deviation resulting from the amplitude of the modulation code.

3.4 Continvous Digiful—-ConiroHed Selective Signéiihg (CDCSS)

A system wherein the radio receivers are equipped with digital decoders that allow audio signals toappear at the
receiver audio outputs only while a carrier modulated with a specific binary-coded signal is being received.

*Numbers in brackets’ refer to the references oh page 20,
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35 Contmuous Tone-ControIled Selechve Slgndlmg (CTCSS)

A system wherem the radio receivers are equlpped with tone-responsive dewces that aHow audio signals to
_appear at the receiver audio outputs only whxle a carrier- mouulated with a tone of specxﬁc frequency is being
received. :

3. 6 CDCSS Moduluﬂon Code

The sequence of bmary dlgns, assxgned to partlcular CDCSS recexvers, that is used to encode the transmitter and
decode the receivers.

3.7 crcss Modulation Code

The frequency, assxgned to pamcular CT Ccss recewers, that is used to encode the ‘transmitter ‘and decode the
receivers,

3.3 Decoder

The device in the receiver that furnishes an ‘output for squelch opemng when, and only wheu, the pmper CTCSS
i or CDCSS modulatmn code is being received.

3‘9 Decoder Tolerance to Bms Distortion

"'The ‘maximum mark or space blas distortion, in percent, that a CDCS‘i decoder can toierate and siill decode .
. properly

" 3.16 Decoder Response Bandpass

The range of CTCSS frequenczes that will result in proper decoder operatmn when the my’dt sxgnal is. applied to
" the receiver. 7 v _ ; , :

3.11 Digital Ditortion

The distortion in a binary-coded signal caused by dlsplacement of a mark-t/:; space or. space-to- mark transition
from its normal posxtxon The value of the distortion is the dxsp]acement expreeawd as & percentage of the bit length.

" 3.12 Encoder

.7
/7

A transmitter component tﬁat gt‘zne;ates a CTCSS or CDCSS modulwfon code and supplh_s it to the modulator. -
3.13 Encoder Clock Stability |

The ability of thé encoder clock frequencj' to remain stable as f«fher conditions, ;uCh as the supply voltaée, vary.
314 Encoder Clock Jifter |
Tﬁe amousit of phase jitter on the clock sigﬁal.
3.15  Encoder Response Time

The elapsed time from the moment the push-to-talk control circuit is activated at the transmitter until the
- amplitude of the CTCSS modulation code at the input to the associated transmitter modulator has reached 90 percent
of maximum voltage or the number 1 bit in the CDCSS modulation code appears at the modulator input.

3.16 Equipment Coding Capability

» The number of discrete CDCSS codes which can be ée’lgcted using the operator’s controls.



i

| 317 _ Phase Jitter

N

" Abruptﬁs‘p'urious variations in the phase of successive pulses, referenced to the phase of & continuous oscillatgr.

3.8 Pre-Trunsmtsswn ‘Monitoring Capability

The capablhty of dx:abhng the signal-controlled squelch at the receiver so that the camer “requenq can be
menitored before transmitting, to prevent mterference with' otier transmissions.

2.19 Receiver Hum and Noise

The decrease in audio output level, in decxbels, of a CTCSS or CDC. S receiver when standard test modulatmn is

: removed but the appropriate modulation code is present.

43 20 Recelver Responsé Time

The elapsed time between the apphcatmn of CTCSS or CDCSS modulation ccde to the receiver rf mput mgml
which is modulated by standard test modulataon, and the time that the andio voltage at the receiver mput increases: to

90 percent of its maximum. value.

3.21 SINAD (CDCSS) Ratie

The ratio of the components of the audio output’ of a CD(" SS receiver, expressed in decibels, equal to (1) signal
plus noise plus distortion plus binary code, divided by (2) noise plus distortion plus binary code.

3. 22 SINAD (CTCSS) Ruho

The ratio of the components of the audio output of a CTCSS receiver, expressed in decibels, equal to (1) signal
_plus noise plus distortionplus tone code, divided by (2) noise plus distortion pius tone code. .~

3,23 Squelch

A circuit function for preventing a radio receiver from produeing audlofrequencv output power in the absence of
proper rf input signals.

3.24 Squelch Openmg SINAD Raho

, That "SINAD ratio obtained at the receiver ver output at an input level just adequate to open, and keep open, the
squelch circuit of a receiver when an rf input signal, modulated with a standard test modulation and CTCSS or CDCSS
modulation code, is fed to the receiver input.

' 3.25 System Coding C_upaci!y

The maximum number of usable discrete codes that can be provided by a given CDCSS system.

3.26 Threshold Squelch Position

The ad]u=tment of the squelch control, stamng from the maximum unsquelched posmon, that first reduces the
audio noise output power by a specified amount. : :

3.27 Total Peak Dijgital Distortion

The maximum distortion measured in a period not less than one code length.

3.28 Transmitter Tone Distortion

The harmonic content in the CTCSS modulatmn code at the transmxtter output e n"p'esset. as a percentage of the
total rms output modulation voltage. .



3.29 Transmitter Tol'ul Dlsfomon

A measure of -distortion cf the transmitter output wavefi)rm resulting from .the combined effect of. CTCSS
modulation code and standard test modrlatmn' N

T

4.1 Mlmmun\\ Performunce

Tha minimum requlrement for each CTCSS or CDCSS '*haractensnc shall be the value given below and/or listed
" in tablg-1. These performance requirements meet or exceed those given in the Rules and Regulations published by
the Federal Communications Commission. In addition to the requivements listed, alf of the licensing and operating
requirements of the FCC Rules and Regulations shall apply. - '

4.2 User Information

The following information shall be supplied to the user by the ménufacturer or distributor:
{a) - The assigned CTCSS modulation cades, the power soyzce current in the operating mode and a nominsl
value for each CTCSS characteristic listed in table 1.

(b) - The assigned CDCSS modulation codes, the equlpmem coding capacity, the system mdmg capacity, the

power source carrent in the operating mode and a nominal value for each CDCSS characteristic listed fn table 1,
- ) The operaqru frequenmes and the range of temperaturﬁs within w}nch the equipment is designed to be
operated - : -

4.3 Test Sequence

“ The _test sequence shall’ be in the order listed herein. The receiver/decoder and transmitter/encoder
combinations shall be tested separately. Each combination shall first be subjected to the environmental tests, aV then
~ shall be tested for conw.rmance w1th paragraph* 4.5 through 4.7,

4.4 Env:ronmentul Charucfens

The ability of the CTCSS -or the CDCSS to operate in. envugumenul extremes shaﬂ be ﬂeiermmed using the test
methgds described in paragraph 5.3. :

4. 4.1 Tamperu!ure Stabnhty

Low tempemture tests shall be conducted. at -30 °C ( 22 °Fy or “the lowest t@mqw\rature at which the
manufacturer states (par. 4.2.c) that his unit will uperate properly, whichever is lower, and hxgh Jimperature tests

shall be conducted at 60 °C (140 °F) or the highest tempeiature at which the manufacturer states that hiz. umt wxli '

operate properly, whichever is higher.

When the equipment is operated at low and high temperatures, as defined above, its performance shall not be“‘*a»,; i

degraded to more than (items N through W) for the characteristics listed.
4.4.2 Humidity Stability

After t,hé CTCSS or CDCSS system units have been maintained at 50 °C (122 °F) and 90 percent relative
humidity or greater for at least 8 hours, their performance shall not be degraded to more than (items X through AG)
for the char‘acteristics listed. S

4.4.3 Vibraﬁon Smblluy

No ﬁwed part of the encoder or decoder shall come loose, nor any adjustable part.be shifted in position ar

adjustment as a result of this test. This test is not applicable to equxpment used at fixed sites..

4.4.4 Shock Stabiliy

No fixed part of the encoder or decoder shall come loose, nor any adjustable part be shifted in position or
adjustment as a result of this test, This test is not applicable to equipment used at fixed sites.

4
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i TAQE: 1. BMinimum. performance kqm’rcmﬁnb Jor contiratous signal-controlled sgleclioe._sa'g&aling >’r’v
i — - - - ”{T((J
%arncxeristic . ..~ Reguirement 7
e CTCSS 7 _eness
Ruadiy Receiver/Decoder Characteristics g ‘ , i R
A.  Receiver Response Time: o <300 ms
above 100 Hz “ £250 ms o
o ‘ 100 Hz X 250ms . .~ A
below 100 Hz SEN < Rarntan A -
: CTCSS Code Frequency o ’ e
B.  Squelch Opeaing SINAD Ratio <BdB o 7 gxlidB o
=& Decoder Response Baridpass Between #0.5% and 23.0% e ” CONAY C -
of Cade F{vequ:engyv . /,/ : B - L
D.  Receiver Hum and Noise T 3ude i 3548
h . E. - Decoder Tolerance to Bigs NAT »',‘{ ’ >45%
Distortion ES ' :
Radio T; ister/ Encoder Characteristics ; . : s v o
F... Code Frequency Tolerance *=0.5% i : . NA
. Code Frequency Stahility . o 05% ;;i’i - CONA
(Supply voltage varied £20%) - VAT )
: R pA o
H. Code Modglation Deviation ZOBte 2108H 4 : 0510 HLokH
1. Encoder Re'sponée Time ; &50ms . . 7 436w
_ , i , :
L. Transmitter Trae Distortion I‘) coRE% ) NA -
K.  Transmitier Tatal Distortion i &15% NA
L.. Egcoder Clock Stability " NA p , H0.001%
- ° M. Encoder Clock Jiteer NA © <l
Temperature Characteristics T » A
N.  Receiver Response Time <400 ms - ’ : <400 ms
0. Squeleh Opening SINAT Ratio «11dB : S124B
P.  Decoder-Response Bandpass Betwszen £0.5% and +3.0% o7 NA
’ of Code Frequency , o
Q. Receiver Hum and Noise Level - 25 dB p 25dB
R. Code Frequency Tolerance #05% S NA
8. Code Modulation Deviation 05w £LOkH: oY k0S50 kHz
T. “Encodér Response Time <i00ms <100 ms
£. Transmitter Tone Distortion <10% ) ‘ » NA
Y. Transmitter Total Distortion P s NATTTTTT
W.. Encoder Clock Stability NA ) *+0.03%
Humidity Characteristics I ‘
' X. Recever Response Time S400 ms <400 ms -
. ‘“/".
Y. Squelch Opening SINAD Ratio %11 dB Gemmie, - RIZ B
Z. Decoder Response Bandpsss . Between £0.5% and : © 'NA " ‘; " )
: . g +3.0% of Code Fréquency T s R
- AA. - Receiver Hum and Noise Level . 254B o 25 dB -
AB. Code Frequeney Tolerance *0.5% ' NA :
AC.  Code Modulation Deviation 0.5 210kHe 051t k1.0kHz
AD. Encoder Response Time <100 ms ’ %100 ms
AE. “Transmatter Tone Distortion <10% -~ NA
AF.  Transmitter Total Distortion <20% NA - S :
AG. Encoder Clock Stability NA . o +0.03% .- '

. *NA=Not Applicable.
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4.6 5 Receiver Hum ﬁhd Noise

) .4.606 Dacoder Tolerance to Bias Distortion : . :

& o : = ‘ // .
4.5 Mﬁduluﬁan Cods quudnmes >
- The €TCSS modnlauon code frequencuys assigned in. s ;fp/en ares. should all be from a smg}é’ /f the thrce
groups hsiad jr table 2, where possible. ~ o : L L
N Txms 2 C’t’él?&‘ n-odnlatmn code :«ea ries amu‘abk ﬁ:mf:stgnnwzz : R 5
|
s ‘ Group A H) '7;3 Groug B ,1% GroupC  (Ha) :'
7.0 9 1462 744
; 770 825 1567 9.7
B85 - 9B 1678 85.4 o
. 100.0 1035 1799 © 1B o o
7 107.2 o 1es U ots28
1148 T uss 2107 o o O
1234 . 1273 22870 ' ' ’ -
I%.B 23@.5 ~ 241.8
41 k| -
The ass’gmmn!s/m a given stea uhou!d be made from 4 smgie ope of the groups S ;
~where pessible. » ’ . s !
4.6 Rud ﬂecaivar/t)ecoder Chumc%ansisc}
T he dxaractemtws of pre-transmission mam!mms’ capability, receiver response time; aquelvh opening SINAD
ratio, decoder respanse bandpass, receiver hogy and nvise, and dewder wlerance ta bias distortion shall he n ,mef
- in acrordance with p%agraph 54. T
a6 Pra-l‘rcmsm’ixsien%bmmrmﬁ Cuth‘ !y P -
~ The fecamldecu)der shall haw 4 decoder—dmahle switch by mes /4115 of whu:h pte‘traﬁmnssmn monitoring can be
nccwmp ’fw};‘ L T 7
4.6/.‘2 }Z’auiwnr Rssgo’ so Tsmo ‘ e : el R
- The recewﬂ xespmse \me ..hall nm exceed {:tem A) w;th al m‘« feceiver i inpat, ‘ o .
4,6.3 ‘,/“quulch Opzning SINAD Ratio o o T
* " The squelch opening SINAD ratio shall not exceed {nem B) with a 1 mV receiver mput
- 4 6.4 Decoder Rmsponu Bandpuss , R S ' _— i

The CTC3Sdecoder response nanﬁpass shall be not less than = 6 5 percent noz more than 3.0 percent of the
code frequency {item C 2 !

g

The receiver hum and noise level shall be at least (item D) below the nommal receives audl\p euqmt Ie&e}

CDCSS decoder mlerame to bias distortion shall nut be less than 45 percent (item E).

6



4 7 Radm 'E‘”rmsmmerléncader Cncmx%mhcs

4 7.6 Encoder Clack Stability

| 512 sfandcrd Fﬁfchva Humidity

513 Standard Pewer Sappty Voltage o ;

B

" The characteristics of modu}mor <ode to}/{rance and stabﬂuy, code modulamm demanon, ensoder respense time,
transtaitter tone dxsmmon, trafigmiitter m;ﬁ,l distortion, encoder clock smbxl;éy and encedér clock ptmr ﬁ}mli he
measured in accp’rdauce with pamgrap’n %5, . , :

47.1 ‘Madulation Code Toleran,a and Smbimy | BT Sl

The GTCSS code frfﬂuemv shall be w thm +0; 5 Eercentln,.% “‘vf e issxg;ﬁeé‘vﬁine at aﬂ times dm-mg thél
standard duty cysle except for the initial twip seconds after applying power to the enfoder; When the standard encoder
supply voltage is varied plus and minys «)"{f percent, the CT €SS code fmquency sh%"i he within 05 percent fitem G}
of its awgned value. T . , ) , :

o

4,72 Cu/éf,{ﬁﬁﬁmmkn Beviation

o f’he e code Wodulatma éeua%mn shall be between +4:5 and +1.0 kHA (ﬁﬁm H).

4?3 Emoé&r Re:pomfe Fﬁﬁe . o

Thz 'f.‘ﬁﬁ).%‘ﬁ onse nfﬁe ‘skalk not be g grezter than 50 mﬂxh\rrconds {item f}
'4 7.4 ?rnmnrﬁ’let fona Bhiomen o ' ‘
The € CTCSS transmitter tone distortion shalf not he grewtev than E penent inwm h

47.5 Transmitter mui Dnslorﬁun R A T e

The CTCSS transmitter wza} éxst&mon shall net be greater Ihan 1:) pemzeni {item kl - v R

Fhe CEIC:aq etionder elock frequencies st po“er su‘:plv voltages z_{) percent ahove a.n.d 20 pereent bck&% zhe

- s’fandard powey supply voltage ah‘.ﬂ be within *=6.001 percent {itetn L} of the ﬁ'equency at =£azzdard wpph» wziage

,4 7.7 - Encoder Clock Jitter

The CDCSS eneoder cioci; jitter shiafl not exceed 10 microseconds fitem M}

5. -TEST METHCDS - | TR

: T
5.1 Smndurd Test Candlﬁom '

A/ﬂow all measurement equipment t¢ warm up umtil the suiem h&b achieved sufﬁcxant stability ta perform zhe s
measurement. Unless otherwise specified, perfpzm all meesurements under stamdard test: conditions. With the
exception of the CTCSS or CDCSS dwahle oF bypass all. special subszatems, such 5 m:;e prwacy, hefore testmg.

y e

5.1.1  Stondard Tamp;mtum v

Standard ambaem temprrature shall be hetween 20°C (651 °"} ami 30 ,,.e:ﬁ?j"

1 N —

” P e e s

S’,ﬁ 1:d ambient relative humxdxty shal’ h& Bet%:en iO and 85 perc«:m

e . o

For nominal 12-volt de mohile equipment, the standard supply voltage shalt be determmed by the equativa
V=13.8-0. 02 I, where I is the current (in ariperes) drawn by the unit und>r test. For example, if the current while
receiving is 5 amperes, the stendard supply voLtage is 13.7 volts. A wellfiltered electronic power supply should be
used in ;ﬂaué of 2 battery for safety and convenience. The standard supply voltage shall be applied to the input
terminals of the de supply cébles (including alt connectors and circuit protectors} £urmshed by 4he manufacmrer and . ,
adjusted 0 withiz 1 percent of the value: calculated ahove ’ e

7



o distortion at the level requm:d to pmduce a 13 kHz frequency deviation. P ! - H

‘ 42»13 :
83,4 r-smf;dufaﬁan; b

norma!l; used in the aquxpment or, pr»femblv, ‘by a welLfiItered Bhk» mic dc Stxp;dy {har, is adjmzed toa ua;:age it
i¢ within 1 percent of the volmga r:z-cgmn:d, A
~ For fixed and base statme:w&qmpment, t?ne s,sﬁt}.ard supplv xqgta“é,f,

and ad;usted 10 mthm 1 9wrcent of tfxe rtquxted ﬁ.lw’

? 7.4 S!anéﬂ;?f fost Fraqunnuy e : “

e i S e 57

=

515 smdemmmwuramn paw T e

andard test modulation shalt he a 1 kHz sinusojdal madul&’zmn signal having less than 1 percent total

S.l‘,.’a 2 CBCSS ‘l‘nf Pg edumliﬂm

' CDCSS test moﬁ&latmn shaV/ be a bmaa—} eode whose 1otal peak digital distortigy shall be less than 3 pewent and 0
who»se ampﬂmde shall be suffi ciint to 2”({%{-&68 carrier frequelmy deviation in lltz‘ range of 0.5 o £1.¢ kHz. o

5% 3.3 GYCSS Tash Medulahe i

T

&

CTCSS test madzﬁanon,shall be a sinusoidal signat at one of gife frequencies gﬁzex in. ;ﬁ%irs g, of sufficient
amplitude to produce a carff{cr deviation in the range of +0.5 to fjj:l ] kHz afxd having ess thax '} D“’refp total

dxsmmcn. ; S PP e 7 S - 4 ;
5 “ ﬁ 5!0“ l ! W% 7 Lngras- sl ,m.a;‘ o . /.:;(‘-,‘ o e "v . ) et o ;
5.3. 1 Fixtd orddam Station Equipment - "/4,-” L R S - .

The standard duty eycle shail be mntmupcfé operation g gl rransmlt ninde. »"{“ fixe‘d and base ~tauon F :

transmitters and mntu’mom operatios in the e 3,1 e pade for ﬁxed and base %@,,d feceivers.

5.1.6,% Mobile Eguipm-ni - e ,,;;if - o | >
: " The standard duty rycle shall be 2 minutes in the transmit mgde followed by 3 minutes in the standby mode for
- mobile trangmitters and 2 minutes in the receive mode follewed by 3 mmutas in’ the G/mndbv mode for mabile. 1

. keceivers, . ‘ o ;

"~ for personal/poriabie transnw”ers and: 60 sa:onds in the receive mode folmwed by 26 seconds in the v,tandbs mode
for ;fersona}/pmxabie ret’auvers. ’ =

" standard. All othgﬁ"* st equipmens shall be oi comparahie quahty

’;fwhete otherwise specified.

i o ) ’

51.6.3 Pmonawonaa:s Equipment -

The standar«;} duty cydef,ha&l%é 12 seconds in fhe transmit mode follswed by 68 sec e'xds in the standby mode

. e
it Ry

™

517 anhdcm”Squq#ch Adjustmemy .

'I'ht’v receiver squelch contro} shail be adjusted to Axe maximum 1zn5que!ch pasition for gl‘fnééémrements except

. TP R .

A

52 Test Eqmpmen}

I'hls section is hmxied to thak 2qﬁxpment which is the most critieal i in making the mensur{’ments dxsrussed in this

o




T "~u.2.2 Code Genercior ' i

W
;

5.2. fM Signel Generator * - " 7 = . S o

, The FM signal generator shall have a 5 a‘xm output xmpedance, ai standmg wave ratio of 1.2 or less, and an -
output level accurate to =2 dB. The generator shall be capable of internally generating the standard test modulation

(par. 5.1.5.1) and lave provisicns for external modulati.m The generator should include a digital frequency counter

' "\:‘L""}mvmg an uncertainty no greater than one-part in’ “30% and a deviation monitor or calibrated control for determining
" -the peak-£ frequency deviation with an uncertam'ty no greater than 5 percent. If an integral frequency counter is not -

mnluded ;8 %Pp_arate frﬂquency counter havmg the required accaracy shall be provided.

The code generator shall be capable of producmg CDCbS test. modulanon (par 5.1.5.2) when nsed to modulate
‘the FM signal generator. v o . :

523 Frequency Counter

_The frequency counter shall be capable of measurmg period duration over a frequency range of 100 to 300 Hz -
with an"accuracy of 1 part in 10° Input sensmvxty shall be 100 mV or better and the input impedance shall be at
jleast 9.5 megohm. :

524 . Audlo Genern’fors

Audxo generamr 1 shall be capable of producmg standard test medulation (par. 5.1.5. 1) when used in the test
circuits.”

Audia vgenerator 2 shall be capable of producmg CTCSS test modulatmh (par 5.1.5. 3) when used in the test”
circuits, -

5.2.5 Code Distorting Unit

The vode distorting unit shall be capable of indicing from 5 to 50 percent of mark and space distortion on an

input code that has less than 3 percent total peak distortion. The output impedance shall be 600 ohms maximumi and - .

the bias distortion of the output code shall be continuously variable. The unit may be part of the code generator {par.

2.2).

Figure 1 shows a logic diagram of a possible distorting unit. Here the delay of one of the variable one-shots is
increased to produce mark bias and the delay of the other variable one-shot is increased for space bias. In either case,
only one pair of the one-shots is increased in delay at a txme, with the other set at minimum delay

e

Code_- ' o v '
Serarolor | M0 RNRE LA R
Topur "~ [NTERFIGE Y] WRAAE LA - (FIED DELAY)

S PRESET , N
INVERTER P-FL0 ) QUTPUT | Distorted
e | | WMERRE Code out
(VAr%ﬁgtsﬁHggLAY;’ | ONESHIT
NEGATWE TRisgeR) | (PXEDDELAD )

Ty 5, F1ouRe 1. Logic diagram for code distor{ing unit.
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: 5 2.6 'I'en Receiver

The test receiver used to determine transmitter CTCSS tone dnstomon and trans.mxtver CTCSS total dzstomon

3, shall'include a standard audio output load (par. 5.2.6.6) as specified by the manufacturer of the test receiver and shall
i'\f:\have the characteristics specnfxed in the followmg paragraphs.

]»

» 5 't 6. l Audio Regponse

The audio response shall not vary more than one decibel from a 750 microsecond de emphasis characteristic
‘when the system deviation is held constant and the modulation is varied between 0.05 and 3 kHz.

526.2 Hurmomc Di:ccrﬁom : . L . . e T

. The audiofrequency hatmomc distortion shall be less than qne percent at standard test modulation. The
harmonic distortion at 1 kHz (for larger than- rated system deviation) shall be less than 3 percent. The harmonic
distortion shall be measured wher-thé test receiver is tuned to a nominal 1 mV rf source which is modulated by a sine
wave at a level which produceb a system devmtxon 50 percent greater than rated <ystem dev;anon (i.e., 7.5 kHa).

5.2, 6 3 Audio Hum and Noisé Raho

The unsquelched audio hum and noise level shall be at least 55 dB below the audio output power when
measured with a 1 mV input signal.

5.2.6.4 Au;uceni Channel Interference

' The test receiver shall dlfferennate by 85 dB or more between a desired modulated signal and a modulated

adjacent channel signal 30 kHz on either side, when the adjacent channel interference degrades the desired signal
from 12 dB SINAD to 6 dB SINAD:.

5,265 Salechvﬂy v
s The test receiver shall have a bandwidth of 24 'to 30 kM2 at the —-80 decibel pointsi.
52.6.5  Standard Audic Quiput Lpad

The standard audio output load shall consist of a resistor whose resistance is equal to the load impedance into

~which the test receiver normally operates.

5.2.7 Addmg Circuit

The purpose of the adding circuit is to combine a modulation input from one andio generator with a CTCSS
modulation input from another audio generator or a CDCSS modulation from a code generator. The signal loss at each
input shall not exceed 12 dB and shall be within 2=0.5 dB of the other. The input impedances shall match' the output
impedances of the andio generators and the output impedance shall be compatible with the FM signal generator
external modulation input circuit. o

5.2.8 Standard RF Qutput Load

The standard rf transmitter output Joad shall be a 50 ¢hm resistive tern. o having a voltage standing wave
ratio of 1.1 or less, including connectors and cables, at the standard test frequency (par. 5.1.4).

5.2.9 Devioiion Meter .

The deviation meter shall be capable of measuring the peak deviation of a modulated waveform with an
uncertamty no greater than 5 5 percent of the deviation being measured.

5.2.10 Sfcndard Audio OUiput Load e

.The standard audio output load shall be a resistor having a resistance equal to the nominal output impedance of
the receiver/decoder and a p&\sz\er rating equal to or exceeding the nominal output power. A filter network shall not be
used between the audio outpu¢-terminals and the audio output load. If an external monitor speaker is used, a
matchmg network to maintain the ai‘mdard output load unpedance at lhe audio output terminals shall be provided.




5.2.11 Audmfmqueﬂcy Voltmeter

The audiofrequency voltmeter shall measure the true rms value of the input signal for all waveforms wnth crest
factors (ratio of peak to rms amplitude of the input sxgnal) up to 10 to 1 at-full scale, The measurement uncertainty

-shall be 2 percent or fess for input signals with frequency components in the range of 300 to 5000 Hz.

"B, 2.!2 Enwronmenfcl Chamber

The environmental chamber shall produce air temperatures from -30 °C to 60 °C (-22 °F to 140 °F). and
relative humidities in excess of 90 percent. The test items shall be shielded from air currents blowing directly from
heating or cooling elements in the chamber. The temperature of the test item shall be measured with a thermometer
separate from the sensor used to control the chamber air temperature. Likewise, humidity shall be measured with a
hygrometer separate from the sensor used to control humidity.

5.3 Environmentd! Tesis
53.1 Temperature Test

Place the equipment under test, with outer cases mstalled and with power turned off, in the environmental
chamber. Adjust the chamber to the required low temperature 2 °C (3.6 °F). Allow the equipment to reach
temperature equilibrinm and maintain it at this temperature for 30 minutes. Turn on the power to the equipment
under test. Fifteen minutes after turn-on, test the equipment to determine whether it meets the requirements of

 paragraph 4.4. 1. Repeat the above procedure at the required high temperature &2 °C (%3.6 °F).

5. 3.2 Hum:dr!y Tost

Place the eqmpment under test, with power turned off, in the env1ronmental chamber. Adjust the relative
humidity to a minimum of 90 percent at 50 °C (122 °F) and maintain the equipment at these conditions for at least 8
hours. While it is still in this environment, turn on the equipment power, allow it to operate for 15 mmutes, and then

test it to determine.whether it meets the requu'ements of paragraph 4.4.2.

5.3.3 Vibration Test

Perform a two- -part test for a total of 30 minutes in each of three mutually perpendlcular directions, one of which
is the vertical. '

First subject the equipment under test to three S-minute cycles of simple harmonic motion having an amplitude
of 0.38 mm (0.015 inch) [total excursion of 0.76 mm (0.03 inch)] applied initially at a frequency of 10 Hz and
increased at a uniform rate to 30 Hz in 2 1/2 minutes, then decreased at'a uniform rate to 10 Hz in 2 1/2 minutes.

Then subject the equipment to three 5-minute cycles of simple -harmonic motion having an amplitude of 0.19
mm (0.0075 inch) [total excursior of 0.38 mm (0.015 inch)] applied initially at a frequency of 30 Hz and increased at
a uniform rate to 60 Hz in 2 1/2 minutes, then decreased at a uniform rate to 30 Hz in 2 1/2 minutes.

Repeat for each of the other two directions. g

5.3.4 Shock Test

Subject the equipment to a series of ten impacts in each of the three mutually perpendicular directions (par.
5.3.3), each impact to consist of a half sine wave acceleration of 20 g peak amplitude and 11 mllhseronds duration.
Apply the impacts to the equipment mountlng facilities, if there are any.

5.4 Radio Receiver/Decoder Tesis

5.4.1 Pre-Transmission Monitoring Test

Connect the equipment as shown in figure 2. Set the FM signal generator to the standard test frequency,
modulate with standard test modulation and adjust the generator output to 1 mV. Disable the decoder with the
decoder-disable switch, set the squelch control to the maximum unsquelch position, and adjust the receiver to produce
rated audio output power. Confirm that an output is present on the ac voltmeter. Release the decoder-disable switch
and confirm that the receiver is now squelched and the ac voltmeter measures no output.

11
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FMSIGNAL | RECEIVER _ | STANDARD AUDIO

 GENERATOR WITH DECODER [ T | OUTPUT LOAD
DECODER _7—
DISABLE |
SWITCH
Y
 VOLTMETER

FIGURE 2. Block diagram for pre-transmission monitoring capability measurement.

dc POWER ,
SUPPLY “
FM SIGNAL RECEIVER X STANDARD AUDIO
GENERATOR WITH DECODER [ | | | OUTPUT LOAD
ADIO '
ADDER CENERATOR | | | DISTORTION
(1000 Ha) ANALYZER
TERMINATION
o o pos I» :
-ty | AUDIO
s GENERATOR 2 0SCILLOSCOPE
‘ (CTCSS FREQUENCY) _
o] pos. 2 - O VERTICAL
G TRIGGER

Ficure 3. Block diagram for CTCSS receiver response time and decoder response bandpass measurement.

5.4.2 Recciver Response Time Tests
5.4.2.1 CTICSS

Connect the equipment as shown in figure 3 with switch S in position 2, and adjust the frequencies and output
levels of audio generators 1 and 2 to produce standard test modulation and CTCSS test modulation, respectively.
Adjust the FM signal generator output to 1 mV at the standard test frequency.

Adjust the oscilloscope trigger controls to start the trace when switch S is moved from position 1 to 2. Then
move the switch between positions 1 and 2 several times while adjusting the honzontal sweep controls so that the

12
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change in audio level can  be easily determined as a function of time. Ad]ust the oscxlloscope vertlcal sensitivity to
produce nearly full’ ‘scale deflection when the audio voltage becomes steady state.

Move switch S from positior: 1 to 2 and read the time in milliseconds between the start of the oscxlloscope trace
and the time at which the audio voltage at the receiver output reaches 90 percent of its final value. This is easy to

read if the instrument is a storage oscxﬂoscope If it is not, it may be necessary to photograph the trace
E /, S

54.22 CDCSS’

Connect the equipment as shown in figure 4 with sthch Sin posmon 2, and ad]ust the frequency and output
level of audio generator 1 to produce standard test modulation. Adjust the.code generator output level to produce the
~ value of CDCSS test modulatien recommended by the manufacturer Adjust the FM signal generator to an output of 1

mV at the standard test frequency. :

Adjust the oscilloscope trigger controls to start the trace when switch S i is moved from position 1 to 2. Move the

switch between positions 1 and 2 several times while adjusting the horizontal sweep controls so that the change in

audio level can be easily determined as a function of time. Adjust the oscilloscope vertical sensitivity to produce =

nearly full scale deflection when the audio voltage becomes steady state.
Move switch S from position 1 to 2 and read the response time as detailed in paragraph 5.4. 2 1.

dc POWER
1 sueeLy
FMSIGNAL RECEIVER. .| sTanoaro auoio
GENERATOR [ | WITH DECODER OUTPUT LOAD
ROVER |1 cenERATOR 1 | L osrosrion
| (1000 H) ANALYZER
 TERMINATION
o & pos. | .1
gumny || oo "
s & i— CENERASOR OSGILLOSGOPE
0 o pos. 2 —0 VERTICAL
o TRIGGER

~ Figure 4, Block diagram for CRCSS receiver response time and squelch opening SINAD measurements,
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543 Squoich Opemng SINAD Ratio Tasn "
54. 3.1 CTCSS

Connect the equipment as shown in figure 5, set the M sngnal generator to the standard test frequency, and

modulate it with CTCSS test modulation using audio- generator 2 and with standard test modulation using audio -

generator 1. Adjust the receiver squelch control to the threshold squelch posmon and the receiver volume control to
produce nominal audio output power with a 1 mV input signal.
Reduce the input signal level until the receiver squelch closes. Then i increase the input sxgnal until the receiver
. produces continuous audio output not lower than 10 dB below nominal audio output power Measure the SINAD
_ (CT CSS) ratio at this f sugnal level using the distortion analy7er

EM SIGNAL ~ RECEIVER | sTANDARD AUDIO
GENERATOR | WITH DECODER | T | OUTPUT LOAD
]

ADDER

‘ N

AUDIO AUDIO '
CENERATOR 1 | ceneRATOR 2 | DISTORTION
(1000 Hz) (CTCSS FREQUENCY)| ANALYZER

FiGURE 5. Block diagram for CTCSS squelch opening SINAD measurement, -

5432 CDCSS

Connect the equipment as shown in figure 4, with switch 'S in position 2, set the FM signal generator to the
standard test frequency, and modulate it with CDCSS test modulation using the code generator and with standard-test
modulation using audio generator 1. Adjust the receiver squelch control to the maximum unsquelch position and the
receiver volume control to produce nominal audio output power with a 1 mV input signal.

Set the receiver input signal fevel to a value that produces a SINAD (CDCSS) ratio of 10 dB. With this input,
measure the receiver response time as detailed in paragraph 5.4.2.1. Repeat the response time measurement 100
* times or more. At least 90 percent of the measurements must give a response time of less than 1 secord.

5.4.4 Decoder Respénse Bandpass Test (CTCSS)

Connect the equipment as shown in figure 3 and repeat the measurement procedure given in paragraph 5.4.2.1,
but with audio generator 2 adjusted to produce a frequency 0.5 percent above the CTCSS test modulation. An audio
output must be observed in less than twice the maximum receiver response time given in (item A) of table 1. Repeat
the measurement, but with a frequency 0.5 percent below the CTCSS test. modulation. An audio output must be

--observed in less than twice the maximum receiver response time given in (item A) of table 1.

Repeat the measurement, but with a frequency 3.0 percent above the CTCSS test modulation. No output may
appear within a test period of 1 minute. Repeat the measurement, but with a frequency 3.0 percent below the CTCSS
test modulation. No output may appear within a test period of 1 minute. :

5.4.5 Receiver Hum and Noise Tosts
5451 CTCSS

Connect the equipment as shown in figure 6, and adjust the frequencies and output levels of audio generators ]
and 2 to produce standard test modulation and CTCSS test modulation. -

14



FM SIGNAL -

RECEIVER

STANDARD AUDIO

~ GENERATOR "WITH DECODER QUTPUT  LOAD
| | ' AC
ADDER _ —— ~ VOLTMETER
| X
TERMINATION
o AUDID b audio-
| GENERATOR 2 GENERATOR 1
1 (CODE FREQUENCY) (1000 Ha) -

FIGURE 6. Block diagram for CTCSS receiver hum and noise measurement.

Adjust the FM signal generator to an output of 20 V- at the standard test frequency Set the receiver volume -
control for nominal audio output power as determined with the ac voltmeter.

Remove the standard test medulation by replacing audio generator 1 with a termination equal to ifs output
impedance. Measure the decrease in the audio signal, expressed in dB, by means of the ac voltmeter.

5452 CDCSS

Connect the equipment as shown in figure 7, and ad]usi the frequency and output level of audio generator 1 to
proauce standard test modulation. Adjust the code generator output level to produce the value of CDCSS test
modulation recommended by the manufacturer.

FM SICNAL | RECEIVER o STANDARD AUDIO
GENERATOR B WITH DECODER QUTPUT  LOAD
_ | S AC
'ADDER - VOLTMETER
e

TERMINATION
GENERATOR | GE?,ESSTS 1

Ficure 7. Block diagram for CDCSS receiver hum and noise measurement.
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* Adjust the FM signal generator to an output of 20 V at the standard test frequency Set the receiver volume
control for nominal audio output power as determined with the ac vojtmeter.

Remove the standard test modulation by replacing audio generator 1 by a termination equal to its output
impedance. Measure the decrease in the audio signal, expressed in dB, by means of the ac voltmeter.

o 54.6 Deceder .T‘olerance’ to Bias Distortion 'Tesi (CDCSS)

‘Connect the equipment as shown in figure 8, To calibrate the pulse distorting unit, connect the square wave
generator in place of the code generator. The square wave generator output must be symmetrical, with the higher
voltage (mark) and lower voltage (space) parts of the wave equal in duration and each part equal to the bit length of
the code from the code generator. The amplitude of the square wave pulses 5l=6uld be approx:mateh equal to that of
the code pulses. S

- While observing the output of the dxstortmg unit'on rhe oseilloscope, c.d]ust the distorting unit for 4 mark bias
dlstomon that produces an output wave with the mark 2.6 times as long as the space This is equwalent f0 a 45

: percent mark bias distortion.

Replace the'square wave generator with the code generator Set the CDCSS test modulation at its low rest limit,
that is, at the amplitude that will produce a carrier frequency deviation of 0.5 kHz. Adjust the FM signal generator to
the standard test frequency and its output voltage to the value corresponding to a 10 dB SINAD (CDCSS) ratio, as
determined earlier (par. 5.4.3.2). The receiver squelch must open as evidenced by receiver output noise.

Repeat the test for 43 percent space bias distortion hy adjustmg the dlstortmg unit to produce an output wave
wnh the space 2.6 times as long as the mark.

SQUARE
WAVE
GENERATOR
CODE DISPT%LF%STEiNG FM SIGNAL
GENERATOR | | GENERATOR
. o | _
I~ ] Recever
0SCILLOSCOPE | = WITH
| " DECODER
CVERUCAL’

Fiure'8:  Block diagram for CDCSS deceder tolerance to bias distortion measurement,
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- | POWER SUPPLY

5 5 Rudlo Trunsmmer/ Enceder Tesis

5.5. 1 Moduluhon Code To!erunce and Stability Tesh (CTCSS)

Connect the equipment as shown in figure 9. Operate at standard power supp!y voltage for one minate, and use
the couriter to measure the value of and the stability of the period of the modulation cede. Repeat the measurement af

- power supply voltages 20 percent above and 20 percent below ’he standard voltage. Take the recxprocal of the period

in seconds to obtain the frequency in iz, =

|- STANDARD RF
OUTPUT LOAD

To modulater ¢ | e
circuit -

ENCODER

VARIABLE

TRANSMITTER

FREQUENCY
 COUNTER

FIGURE @ Block diagram for CTCSS modulation code tolerance and stability measarements,

5.5.2 Code Moduluﬁon Deviuﬁon Tast (CTCSS und CDCSS)

Connect the equipment as shown in figure 10, without standard test modulation. Energize the enc oder and
measure the modulation deviation with the deviation meter.

.5.5,3 Enc_oder Response Time Tests

5.53.1 CICss

_ Connect the equipment as shown in figure 11. Adjust the oscilloscope trigger controls so that the transmitter
keying puise will trigger them. Adjust the vertical sensitivity to produce a nearly full scale display on the oscilloscope
when the encoder is furnishing constant output. Adjust the oscilloscope horizontal sweep controls for a readable time
display by pushing the push-to-talk button several times.

Photograph the display when the push-to-tatk bution is pushed and determine the time in mxlhsecands it takes

for the CTCSS encoder output voltage to reach 90 percent of its final value. If a storage oscilloscope is used, it may be

read directly and the photograph will not be necessary.

TRANSMITTE AAK DEVIATION
WITH ENCODER  METER

TDAMOMITTILD 2

FiGLrE 10, Block diagram for code tnodulation deviation measurement,
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talk —=1_ o ||| STANDARD RF
| | TeawswrTER QT L0

' To 7mvodu!at0r
: Hcircuitf
'ENCODER -

[ | 0SCILLOSCOPE

-0 VERTICAL
o TRIGGER

<5

.

Froni transmitter
keying circuit

FiGuRe 11, - Block diagram for encoder response time measurement.

5532 CDTSS

Proceed as in paragraph 5.5.3.1, but determine the time in milliseconds it takes for the number 1 bit of the
sequence to appear in the CDCSS encoder output. If any code bits appear before the number 1, they shoulc
ignored. The number 1 bit can be identified by displaying the code on the oscilloscope and comparing it with ths
sequence furnished by the manufacturer.

5.5.4 Transmifter Tone Distortion Tes? (CTCSS)

Connect the equipment as shown in figure 12. With no standard test modudation applied, adjust the encode
modulate the transmitter. Tune the standard test receiver to the transmittér carrier frequency and measure
harmonic distortion of the CTCSS modulation code at the receiver de-emphasized discriminator output.

 TRANSMITTER |  STANDARD b
WITH ENCODER f TEST RECEIVER

To discriminator u_u’tfjutT

e L DISTORTION | | STANDARD AUDIO
| | ANALYZER [ 1. QUTPUT LOAD

i

FigulE 12, Block dingram for CTCSS trznsihitter tone distortion measurement,
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5.5.5 Traasmitter Toﬁ:l Distortion Test (CTCSSY

Connect the equipment as shown in figure 13. Modulate the transmitter with standard test modulation from
andio generator 1 and CTCSS modulation code from the encoder. Tune the standard test receiver to the transmitter
carrier frequency. Adjust distortion analyzer 1-to filter out the CTCSS modulation cede anid apply ‘the filtered
distortion analyzer output to distortion analyzer 2. Measure the total dxstortmn of the tranam;ltter using dxstomon

* analyzer 2.
| centRroR 1 TRANSMITTER st |
X 000 o) || WITH ENCOTER [ ) | Recewer
o DISTORFION | DISTORTION | |sTanDarD Aupig
ANALYZER 2 [ | ANALYZER 1  QUTPUT LOAD

F1uuBE 130 Block diagram for CTCSS transinitter total distortion neasurement.

556 Encoder Clock Stability Test (CDCSS)

Connect the equipment as shown in figure 14. Measure the clock period on the frequency counter st staridard

. power supply voltage and take the reeiprecal to ebtain the encader clock frequency. Repeat at voltages 20 percent
S " above and 20 percent below the standard power supply: voltage, - » e

A

; TRANSMITTER .
S = B
: S ENPODER T  CounTER
VARIABLE.
POWER
SUPPLY

FIGURE 14, Block diagram for CDESS encodér clock stability measirement,
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’557 EncodarClo Jmarfest(CDCSS) » : C | a

Connect e equipment &s- shown in {" igure la, ;md adJust the quuem‘y a»mhemer to the encnder clock -
frequwcy, Trigger the oscilloscope externally on the gynthesizer frequency. Adjust the ascilloscope time base eontrols
so that 4t least 10 microseconds can be measured. “Observe the aximum phase jitter on the oscilloseope for a pennd - o
of pae minute. Record the maximum value - . /i

TRANSMITTER | | OSGILLOSCOPE
| ENCOBER | ———F—oveme. | S
N et TRIGEER e e 1
- CFREQUENCY | o |
SYNTHESIZER | , .
, ) o / . ’  FIGtRe 15, ':L‘:B/l;:('k diagram for CHCSS encader uiefa:k ;iiw( measarement.
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