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Military Communication System Technical Standards
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1, This standard has been approved by the Department of Defense and
is mandatory for use by the Department and Agenc1es of the Department of
Defense, effective 2L November 1969

2. The Standard is to be used in design, installation and operation
of new Communication Systems and Equipment, Deviations should only b
permitted when there is an overriding necessity and only after the adverse
effects of the deviation on such factors as logistics, training, cost and
interoperation have been considered., The standards shall be adhered to
in development of new equipment, but care should be exercised that the
standards do not inhibit advances in communications technology. Revi-
sions of this document and new standards for the future will be generated
by such advances in technology.

_ 2.1 It is not intended that existing systems be immediately con-
verted to comply with the requirements of this Standard., New systems and
those undergoing major modification or rehabilitation must conform to
these Standards.

3. Recommended corrections, additions, or deletions should be
addressed to the Commanding General, US Army Electronics Command, ATTN:
AMSEL-TD-SS, Fort Monmouth, New Jersey 07703.



http://www.abbottaerospace.com/technical-library

MIL-STD-188C
FREWRD

1. The previous issue of MIL-STD-188, "B" revision and change
Notice 1 of the "B" revision, contained standards for Global Communica-
tions., This issue, the "C" revision, contains only those standards
pertaining to tactical communications. Global cammnication standards
are contained in standards publications of the Defense Comunlcatlon

Agency,

2, The "C" revision is being issued to bring standards up to date
as a result of mprovemen'bs J.n cmmrun;catlon technology. _
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IDEKTIFICATION OF )
INTESNATIONAL STANDARDIZATICON ACREEMENT g

Certain provisions of this standard are the subject of international .
standardization agreement. When revision or cancellation of this
standard is proposed, the departmental custodian will inform his respec-
tive Departmental Standardization Office so that appropriate action may
be taken respecting the international agreement concerned.
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1., SCOPE

1.1 Purpose. The purpose of this standard is to provide technical
design standards for military communications systems. These provide the
basic technical parameters of communications equipments and systems. The
parameters have been chosen for future state-of-the-art values wherever
these can be determined with reasonable accuracy as well as to define the
minimum acceptable performance values for interim use. The standards are
to be used in development of new equipment as well as procurement of
production models of standard equipment as stated in the promulgation
letter, page ii, Refer to the definitions for STANDARDS, SYSTEM (par.
2.633) and OBJECTIVE, DESIGN (par. 2.434) for their meaning within the
context of this standard.,

1,2 Objective, The objective of this standard is to enable engineer-
ing, installation and operation of military communications systems to be
accomplished without undue difficulty from equipment interface problems
and problems of incompatibility between systems and equipments. This has
been accomplished by the following: ’

1.2.,1 Standardization of operating features of end instruments, not
of detail design, but of other factors which govern their interface
characteristics with systems in which they will be used. Examples are type
of signal, bandwidth, level, etc, ,

1.2.2 Specifying the maximum extent of the communication system,

1.2,3 Specifying maximum permissible degradation of a signal in the
process of transmission and allocating the permissible degradation among
various parts of the system.

1.2.; Standardization of the type of signal at various points in the
communication system,

NOTE: In addition to standards, this document contains considerable
technical background information to explain how many of the standards were
derived and how they are applied. This information is intended as a
reference for the user to assist him in determining how the sbandards are
to be applied to his particular problems,
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2. TERMS AND DEFINITIONS

2,1 14h-LINE WEICHTING, See WEIGHTING, 14-LINE,

2,2 1})i-RECEIVER WEIGHTING. See WEIGHTING, 1ly-RECEIVER.

2.3 ACTIVITY FACT(R, See FACTOR, ACTIVITY.

2,4 ADDRESS, Address in communication usage is the céded repreéenta-
tion of the destination of a message. In data processing it is an identi-
fication, represented by a name, label or mmber; for a register or loca-
tion in storage. Addresses are alsc a part of an instruction word along
with commands, tags and other symbolso

5 ADDRESS PATTERN, See PATTERN, ADDRESS.

2 6 ALPHABET, See ALPHABET, DIGITAL,

2,7 ALPHABET; DIGITAL. A table of correspondsnce betweer characters
and functions a.nd the b:.t sbructures wh:.ch represent ‘&:.hem0 S .

2 8 ALPHABET TRANSIATION. See TRANSLATION, ALPHABET

‘ 09 ALPHANIB@IC. Alphabetic and mxmamc, mludj.ng 1e'oters, numbers,
- and symbols,

2.10 AMPLITUDE MODULATION. See M‘)DUL‘A:EION; AMPLITUDE,

: 2,11 AMPLITUDE VS, FREQUENCY DISTCRTION, See DISTORTION, AMPLITUDE
VS FREQUENCY, -

2,12 ANALOG DATA, See DATA,

2,13 ANALOG SIGNAL, See SIGNAL, ANALOG,

2,1y ANTENNA GAIN, See GAIN, ANTENNA, ,

2,15 AREA, ELEMENTAL (FAX). Any segment of a scanning line of the
subject copy the dimension of which along the line is exactly equal to
the nominal line width, NOTE: Elemental area is not necessarily the
same as the scanning spot,. ‘ '

2,16 ARQ SYSTEM. See SYSTEM, ERRCR DETHECTING AND FEEDBACK.

2,17 ASSIGNED FREQUENCY. See FREQUENCY, ASSIGNED,

2,18 ASYNCHRONOUS TRANSMISSION, Sese TRANSMISSION, ASYNCHRONOUS.

2,19 ATTENUATION, The action by which, or the result in which, the
power of an electrical signal is decreased; axpressed in 4B,
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2,20 ATTENUATION, ECHO. In a four-wire (or two-wire) circuit in
which the two directions of transmission can be separated from each other,
the attenuation, Rg, of the echo currents (which return to the input of the
circuit under consideration) is determined by the ratio of the transmitted
power Py, to the echo power recelved Po; expressed in dB,

2.21 AVAILABLE LINE, See LINE, AVAILABLE,
2.22 BALANCED, Electrically symnetrical with respect to ground.

2,23 BALANCE, LONGITUDINAL, The electrical symmetry of the two .
wires of a pair with respect to ground. See BAIANCED.

2,24 BALANCED WIRE CIRCUIT See CIRCUIT, BALANCED WIR.E.

2,25 BAND, GUAR.D A frequency band between ‘two cha.nnels which gives
a margin of safety against mutual interference. ,

2,26 BAND, TIME GUARD, A time interval before or after (or both)
the detection/integration interwval which may be, used to reduce the effects
of intersymbol mterference in the time domain,

2.27 BANDYIDTH, FACSIMIIE. in a given ‘facsimile system, the &':'f-
ference in Hertz between the highest and the lowest frequency components
required for adequate transmission of the facsimile signals, :

2,28 BANDWIDTH, NECESSARY, For a given.class of emission, the mini-
mum value of the occupied bandwidth sufficient to insure the transmission
of information at the rate and with the quality required for the system
employed, under specn.fled conditions, Emissions useful for the good func-
tioning of the receiving equipment as, for example, the emission corres-<
ponding to the carrier of reduced carrier systems, shall be included in the
necessary bandwidth, (This is used for frequency assignment purposes.)

2.29 BANDWIDTH, NOMINAL., ' The maximum band of ffequenc:.es, inclusive
of guard bands, assigned to a channel (not to be confused with the term
radio frequency emission).

2,30 BANDWIDTH, OCCUPIED (FCR A TRANSMITTER). The frequency band-
width such that, below its lower and above its upper frequency limits, the
mean powers radiated are each equal to 0,5 percent of the total mean power
radiated by a given emissicn. In some cases, for example, multichannel
frequency division systems, the percentage of 0.5 percent may lead to
certain difficulties in the practical application of the definition of
occupied and necessary bandwidth; in such cases a different percentage may
prove useful.

2,31 BANIWIDTH, RF (FRR A TRANSMITTER). The difference between
the highest and the lowest emission frequencies, in the region of the
carrier or principle carrier frequency., NOTE: In practice the region of
the carrier or principle carrier frequency beyond which the amplitude of a.ny

3
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frequency resulting from modulation by signal and/or subearrier fre-
quencies and their distortion products is less than 5 percent (-26 dB)
of the rated pesk output amplitude of:

a, The carrier or a single-tone gideband, whichever is greater,
for single-channel emission, or

b, Any subcarrier or a single-tone sideband thereof, whichever
is greater; for miltiplex emission.

2,32 BASEBAND. In the process of modulation, the frequency band
occupied by the aggregate of the transmitted signals when first used to
modulate a carrier. The term is commonly applied to cases where the
ratio of the upper to the lower limit of the frequency band is large com-
pared to wnity,

2.33 BASEBAND s MULTIPLEX., The frequency band occupied by the
aggregate of the transmitted signals applied to the facility intercon-
necting the multiplexing and radio or line equipments., The multiplex
baseband is also defined as the frequency band occupied by the aggregate
of the received:signals obtained fram the facil;.ty inhercomxecting the
radio or line and multiplexing equipment.

2.34 BASEBAND, RADIO, The frequency band available for the trans-
mission of all the cambined telephone channels and/or other commmication
charmnels.

2.35 BAUD, The unit of modulation rate., One baud corresponds to a
rate of one unit interval per second. The modulation rate is expressed
as the reciprocal of the duration in seconds of the unit interval,
Example: If the duration of the unit interval is 20 milliseconds, the
modulation rate is 50 bauds,

2.36 BIAS, INTERNAL (TELETYPEWRITER). That bias, either marking or
spacing, that may occur within a start-stop teletypewriter receiving -
mechanism and which will have the same effect on the margin of operation
as bias external to the : aceiver. See DISTORTION, BIAS,

2,37 BIAS DISTRTION, See DISTORTION, BIAS.

2,38 BINARY CODE, See CODE, BINARY.

2,39 BIMARY DIGIT. See DIGIT, BINARY,

2,40 BINARY NOTATION, See NOTATICN, BINARY,

2,4j1 BINARY NUMBER. See NUMBER, BINARY,

2.2 BIT, A contraction of the term binary digit., There are several
types of bits, ~

2,43 'BIT, CHECK, See BIT, PARITY,

b
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2,43 BIT » ERRONEOUS, A bit which is not in accordance with that
which should have been received, ' -

2,45 BIT, FRAMING, A bit used to denote the beginning or end of a
predetermined group of bits.

2,46 BIT, INFORMATION, A bit which is generated by the data source
and which is not used by the data transmission system,

2.47 BIT, OVERHEAD, A bit other than an information bit.

2,48 BIT, PARITY, A bit associated with a character,or block,for the
purpose of checking the absence of error within the character,or block.,

2.49 BIT, SERVICE. An overhead bit which is not a parity bit (i.e.,-
request for repetition, nmumbering sequence, etc, ).

2,50 BIT PAIRING, See PAIRING, BIT,

251 Bnmx TRANSMISSION. See ‘Tmsmssxon, BITERNARY,
2,52 BIT INVERSION, See INVERSION, BIT.

~ 2.53 BLACK FACSIMILE TRANSMISSION., See TRANSMISSION, BLACK FACSIMILE.

2,54 BLOCK, A group of bits, or binary digits, transmitted as a unit
over which an encoding procedure is generally applied for error-control

- purposes.,

2.55 BLOCK, ERRONEOUS. A block in which there are one or more
erroneous bits.

2,56 BREAK, To break, in a communication circuit, is for the re-
ceiving user to interrupt the sending user and take control of the cir-
~ cuit; used especially in commection with half-duplex telegraph circuits
and two-way telephone circuits equipped with voice-operated devices,

2,57 BROADCAST OPERATION, See OPERATION, BROADCAST,
2,58 BROADCAST REPEATER, See REPEATER, BROADCAST,

2,59 BUFFER, DATA, A storage device used to campensate for a
difference in rate of flow of information ar time of occurrence of events,

2,60 BURST, ERROR. A group of bits in which two successive erroneous
bits are always separated by less than a given number (X) of correct bits,

2,61 C-MESSAGE WEIGHTING, See WEIGHTING, C-MESSAGE,
2,62 CARRIER, a. A wave suitable for modulation by the intelligence

to be transmitted over a communication system. The carrier can be a
sinuosoidal wave or a recurring series of pulses., See also SUBCARRIER.
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b. An unmodulated emission. .
2,63 CARRIER FREQUENCY. See FREQUENCY, CARRIER.
2,6l CARRIER NOISE IEVEL, See LEVEL, CARRIER NOISE.
2,65 CARRIER POWER, See POWER, CARRIER (RADIO ans:mm).,

2,66 CENTER, SHITCHING., (Also called Switching Facility, Switching
Exchange, or Central Office.) An installation in a commnication system -
in which switching equipment is used to imtercomnect communication cir-
cuits on a message or circuit switching basis.

2,67 CENTRAL OFFICE, See CENTER, SWITCHING.

2,68 CHANNEL, The term channel mey signify either a one-way path
providing tranamission in one direction only, or a two-way path providing
transmission in two directions. The word "path" is to be interpreted in
a broad sense to include separation by frequency division or tims division,

2,69 CHARACTER, CODE, The representation of a discrete value or
symbol in accordance with a code. See ALPHABET, DIGITAL. '

2,70 CHARACTER AND BIT COUNT INTEGRITY, See INTEGRITY, CHARACTER
AND BIT COUNT, ' '

2,71 CHARACTER INTERVAL., See INTERVAL, CHARACTER. ‘
2,72 CHARACTER SET. See SET, CHARACTER.

2.73 CHARACTERISTIC, HALFTONE (FAX), A relation between the density
of the recorded copy and the density of the subject copy., NOTE: The
term may also be used to relate the amplitude of the facsimile signal to
the density of the subject copy or the record copy when only a portion
of the system is under consideration. In a frequency-modulation system
an appropriate parameter is to be used instead of the ampl:.tnde.

2,74 CHARACTERISTIC s LOADING (MULTICHANNEL TELEPHONY SYSTEMS). Load-
ing for multi-channel telephony systems indicates for the busy hour the
equivalent mean power and the peak power of multi-channel systems as a
function of the mmber of voice channels. The equivalent power of a
complex multi-channel signal, referred to zero relative level (0 dBr) is
a function of the number of chamnels and has for its basis a specified
mean voice charmel power.

2,75 CHARACTERISTIC DISTRTION. See DISTORTION, CHARACTERISTIC.

2,76 CHARACTERISTIC FREQUENCY, See FREQUENCY, GHARACTERISTIC.
2,77 CHECK BIT, See BIT, PARITY,
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2,78 CIRCUIT, The complete electrical path between end-terminal
instruments over which two-way telecommunications are provided.

2,79 CIRCUIT, BALANCED WIRE. A balanced wire circuit is one whoss
two sides are electrically alike and symmetrical with respect to ground
and other conductors., The term is commonly used to indicate a circuit
whose two sides differ only by chance.

. 2,80 CIRCUIT, COMPOSITED., 4 composited circuit is a circuit which
can be used simultaneously for telephony and direct-current telegraphy,
or signaling, separation between the two being accomplished by frequency
discrimination,

2.81 CIRCUIT, DUPLEX, A duplex circuit, or system, is a telegraph
circuit or system which affords simultaneous independent operation in
opposite directions over the same chamnnel,

2,82 CIRCUIT, FOUR-WIRE, A four-wire circuit is a two-way circuit
using two paths so arranged that the electric waves are transmitted in
one direction only by one path and in the other direction only by the
other path, NOTE: The transmission paths may or may not employ four
wires. ' v

2.83 CIRCUIT, GROUND-RETURN, A ground return circuit is a circuit
which has a conductor (or two or more in parallel) between two points
and which is completed through the ground or earth,

2,84 CIRCUIT, HALF-DUPLEX, A circuit designed fer duplex operation,
but which on account of the nature of the terminal equipment, can be
operated alternately only.

2,85 CIRCUIT, METALLIC. A metallic circuit is a circuit of which
the ground or earth forms no part. ‘

2.86 CIRCUIT, SIMPLEX, A simplex circuit is a circuit derived from
a pair of wires by using the wires in parallel with ground return.

2,87 CIRCUIT, SIMPLEXED., A simplexed circuit is a two-wire metallic
circuit from which a simplex circuit is derived, the metallic and simplex
circuits being capable of simmltaneous use,

2,88 CIRCUIT, TWO-WIRE, A two-wire circuit is a metallic circuit
formed by two conductors insulated from each other. NOTE: The term is
also used in contrast with four-wire circuit to indicate a circuit using
one line or channel for transmission of dlectric waves in both directions,

2.89 CIRCUIT, UNBALANCED WIRE., An unbalanced wire circuit is ons
whose two sides are imherently electrically unlike,

2,90 CIRCUIT SWITCHING, See SWITCHING, CIRCUIT,
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2,91 CIRCUIT WORKING, CLOSED, A method of single-current operation
in which a current flows in the circuit while the transmitting device is
at rest,

2,92 CIRCUIT WORKING, OPEN. A method of single current operation
in which no current £lows in the circuit while the tranami%mg device
is at rsst.

2,93 CLOCK, A reference source of timing information for 2 machine
or gystem,

2,94 CLOSED-CIRCUIT WORKING, See CIRCULT WORKING, CLOSED,

2.95 CODE, (Telegraph or Data) A system of rules and conventions "
according to which the telegraph signals forming & message or the data
signal forming a block showld be formed, transmitied, received and pro-
cessed, .

2,96 CODE, BINARY, A code composed of a combination of entities,
each of which can assume one of two possible states.

2.97 CODE, ERRCR-CORRECTING, A code in wm.ch each telegraph or data
, signal conforms to specific rules of construction so that departures from
. this construction in the received signals can be automatically dstected,
- and pesrmits the auntomatic correction, at the recelving terminal, of some
- or all of the errors. Sich codes require more signal elements than are
. necessary to convey the basic mfomatioma

2,98 CODE, ERROR-DETECTING., A code in which each telegraph or data
. signal conforms to specific rules of construction, so that departures
from this construction im the received signals can be aubtomaticaelly

. detected. Such codes require more signal elements them are nscessary

- %o convey the fundamental information.

2,99 CODE, REDUNDANT. A code using more signsl elements than
necessary to represent the intrinsic information. For example:

&, A S5-unit code using all the characters of International
Tele@aph A’!Lphabet Noo, 2 is mot redundant., (See APPENDIX C),

bo A S-unit code using the digits only im International Tele-
graph Mphabet No, 2 is redundant.

: co A 7-wait cods using only signsls made of l space and 3 mark
di@itﬂ iz redundant.

d., An 8-unit code using ons of the bits for parity is redundant.

2,100 CODE CHARACTER, Ses CHARACTER, CODE,
2,101 CODE CCMVERSION., See CONVERSION, CODE,
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‘ 2,102 CODE ELEMENT, See ELEMENT, CODE.
2,103 CODE SET (R DIGITAL ALPHABET., See ALPHAEET, DIGITAL.

2,104 COEFFICIENT, REFLECTION. a. The reflection coefficient at
the junction of a uniform transmission line and a mismatched terminating
impedance is the vector ratio of the electric field associated with the
reflected wave to that associated with the incident wave,

b. At any specified plane in a uniform transmission line between
a source of power and an absorber of power, the reflection coefficient
is the vector ratio of the electric field associated with the reflected
wave to that associated with the incident wave, It is given by the
formula

(zfe-zl)/(zz+z )or (SWR - 1)/ (SWR + 1)

where 27 is the impedance of t;ie source and Z, is the impedance of the
load,

2,105 COMMON BATTERY SIGNALING. See SIGNALING, COMMON BATTERY,.
2.106 COMMUNICATIONS SINK, See SINK, COMMUNICATIONS.
-2,107 COMMUNICATIONS SOURCE., See SOURCE,COMMUNICATIONS.

2,108 COMPANDER, A contraction of the terms compressor and expandor.
The compressor is used to compress the dynamic range of an analog signal
, which is to be processed ar transmitted. The expandor inverts the com-
", pressor function to restore the original dynamic range of the proceased
or transmitted analog signal. The compandor may act on the instantaneous
amplitude values of the analog 8ignal or on a time average of past ampli-
tudes. Depending on the reaction time, compandors are often referred to
as slow acting, syllabic, fast acting or instantaneous,

2,109 CQMPATIBLE SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND,
COMPATIBLE .

2,120 COMPOSITED CIRCUTT., See CIRCUIT, C(MPOSITED.

2,111 COMPUTER W(RD, See WORD, COMPUTER,

2.112 CONFERENCE OPERATION, See OPERATION, CONFERENCE,

2,113 CONFERENCE REFEATER, See REPEATER, CONFERENCE,

2,11}, CONGRUENCY (FAX), The ability of a facsimile transmitter or
receiver to perform in an identical manner as an equipment of another
facsimile system,

2,115 CONTRAST, SIGNAL (FAX). The ratio expressed in decibels be-
tween white signal and black signal.
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2,116 CCATROL EQUIPMENT , REMOTE, The apparatus used for performing
monitoring, controlling, supervising, or a combination of these, a pre-
scribad function or functions at a difstam:e by electrical means, :

2,117 CONVERSION, CODE, The process by which a code of some pre-
determined bit structwre (for example, 5; 7, 14 bits per character interval
val) is converted to a second code with more or less bits per character
imterval. WMo alphabetical significance is assumed in this process, In
certain cases, such as the conversion from start/stop telegraph equipment
to synchronous equipment, a code conversion process may only consist of
discarding the stop and start element and adding a sixth element to indi-
cate the stop and start condition. Im other cases, it may consist of
addition or deletion of control and/or parity bits.

2,118 CONVERTER, FACSMIEo A device which changes the type of
modulation, S o

2,119 CONVERTER, FACSIMILE RECEIVING. (FS TO AM C@NFR'I‘ER@) A de-
vice which changes the type of modulation from frequency shift to ampl:a.-
tude, - :

2,120 com'rm, FACS]I‘IILE 'rmns’mwm., (aM Td FS c‘omman &
device which changes the type ¢f modulation from amplitude to frequency
sh:.f'a:.

0121 comvmmy SIGNAIN & d.evice in which the input and output
signals are formed according to the same code, but not according to .
the same type of electrical modulation,

2,122 COOPERATION, INDEX OF, DIAMETRAL OR INTERNATICMAL (IN FACSIMILE).
The product of the drum diameter and the line advance in scanning lines
per unit length. The unit length must be the same as that used for
expressing the drum diameter,

2,123 COPY, SUBJECT (FAX). The material in graphic form which is to
be transmitted for facsimile reproduction.

2,12, CROSSTAIX, The phenomenon in which a signal transmitted on
one circuit or channel of a transmission system is detectable in another
circuit or chamnel,

2,125 CROSSTAIK, FAR-END, Far end crosstalk which is propagated in a
disturbed communication channel in the same direction as the propagation
in the distwrbing chamnel, The terminals of the disturbed channel and

the emergized terminal of the disturbing chamsl are usually remote from
each other

2,126 CROSSTAIK, NEAR-END, Near emd crosstalk is crbsstalk which is
propagated in a disturbed channel im the direction opposite to the direc-
tion of propagation of the current in the disturbing channel. The terminal
of the disturbed channel at which the near end crosstelk is present is

ordinarily near or coincides with the energized terminal of the disturbing
channel,

10
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2.127 CR&STALK COUPLING LOSS, See LOSS, CRQ‘}STALK COUPLING.,
2,128 CYCLIC DISTORTION, See DISTORTION, CYCLIC,

2,129 DATA, (ANALOG OR DIGITAL,) Material transmitted or processed
to provide information, or to control a process,

2,130 DATA BUFFER, See BUFFER, DATA,

2,131 DATA SIGNALING RATE. See RATE, DATA SIGNALING. -
2,132 . DATA SINK. See SINK, DATA,

2,133 DATA SOURCE., See SOURCE, DATA,

2,134 DATA TERMINAL., See TERMINAL, DATA,

2,135 DB, Decibel. The standard unit for expressing transmission
gain or loss and relative power ratios. The decibel is one-tenth the
size of a Bel which is too large a unit for convenient use., Both units
are expressed in terms of the logaritim to the base 10 of a power ratio,
the decibel formmla being: dB = 10 logyg Py .

Power ratios may be expressed in terms of voltage or current, If the
resistances for both the power measwrements are the same, they cancel out
in the power ratio so the formmulas in terms of voltage or current become
as follows:

dB = 10 log B /E5 =10 log I R
- /& 5 R

dB=10log B =101log I

dB=2010gﬁ=2010g]'1 whereBl=R2'
B L

2,136 DBa, dBrn ADJUSTED, Weighted circuit noise power, in dB re-
forred to 3,16 picowatts (-85 dbm), which is O dba, Use of FlA-line or
HAl-receiver weighting shall be indicated in parentheses as required., See
WEIGHTING, NOISE, NOTE: A one milliwatt, 1000 cps tone will read +85 dBa,
but the same power as white no:.se, randomly distributed over a 3 kc band
(noi:ih.:al]y 300 to 3300 cps), will read +82 dBa, due to the frequency
we ing.

2,137 DBa (m). Weighted circuit noise power in dBa, measured on &

line by a noise measuring set with FlA-line weighting, See WELGHTING, NOISE.

11
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2,138 DBa (HAL). Weighted circuit noise power in dBa, measured ‘
across the receiver of a 302 type or similar subset, by a noise measuring
set with HAl-receiver weighting. See WEIGHTING, NOISE.,

2,139 DBa0. Circuit noise power in dBa referred to or measured at
a point of zero relative transmission level (0 dBr). NOTE: It is pre-
ferred to convert circuit noise readings from dBa to dBa0, as this makes
it unnecessary to know or state the relative transmission level at point
- of actual measurement.

2,140 DBm. a. DB referred to one miliiwatt; employéd in commnica-
tion work as a measure of absolute power values. Zero dBm equals one
milliwatt.

b. In noise power measurement, noise power in dB referred to ons
millivatt. NOTE: In American practice unweighted measurement is normally
understood, applicable to a certain bandwidth which must be stated or
implied. In European practice, psophometric weighting.may be implied, as
indicated by context; equivalent to dBmOp, which is preferred.

2,141 DBm (Psoph). A unit of noise power in dBm, measured with .-
psophometric weighting. See WEIGHTING, NOISE. NOTE: Conversion regula-
* tions with other weighted units: ' o

dBu(psoph) = 10 log 1o PWp - 90 = dBa - 84

, 2,142 DBmO. In noise power measurement, noise power in dBm, referred
" to or measured at a point of zero relative transmission..le'vel (0 dBr).

2.133 DBm CONVERSION TO VU. -3.9 dBm = O vu.

2,14y DBmOp. Circuit noise power in dBm0O, measured on a line by a
Psophometer or noise measuring set having psophometric weighting. See
" WEIGHTING, NOISE, '

2.145 DBrn. (Decibels Above Reference Noise.) Weighted circuit
noise power, in dB referred to 1.0 picowatt (-90 dBm), which is O dBrm.
Use of 1hl-line, 1h)i-receiver or C-message weighting, or flat weighting,
shall be indicated in parentheses as required. See WEIGHTING, NOISE.
NOTE: (1) With C-message weighting, a one milliwatt, 1000 Hertz tone will
read +30 dBrn, but the same power as white noise, randomly distributed
- over a 3 kHz band (nominally 300 to 3300 Hz) will read approximately +88.5
dBrn, (rounded off to +88 dBrn), due to the frequency weighting.

(2) with 1kl weightings, a one milliwatt, 1000 Hz tone will also read
+90 dBrn, but the same 3kHz white noise power will read only +82 dBrn,
due to the different frequency weighting. :

2,146 DBrn (14) LINE). Weighted circuit noise power in dBrn, measured

on a line by a noise measuring set with 1Lli-line weighting. See WEIGHTING,
NOISE.,

12
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2,147 DBrn (1Ll-RECEIVER), Weighted circuit noise power in dBrn,
measured across the receiver of a subset with a No. 1ly-receiver, by
a noise measuring set with lijli-receiver weighting, See WEIGHTING, NOISE.

2,148 DBrn (C-MESSAGE), Weighted circuit noise power in dBrn,
measured on a line by a noise measuring set with C-message weighting.

2,149 DBrn (F1-F2), Flat noise power in dBrn, measured over the
frequency band between frequencies £ and f,. See WEIGHTING, NOISE
(FLAT WEIGHTING).

2,150 DECAY TIME, PULSE. The time required for the instantaneous
amplitude to go from 90€ to 10% of the peak value,

2,151 DEFINITION (FAX). Distinctness or clarity of detail or
outline in a record sheet, or other reproduction.

2,152 DEGREE OF DISTORTION, See DISTCRTION, DEGREE OF.
2,153 DEGREE OF INDIVIDUAL DISTCRTION OF A PARTICULAR SIGNIFICANT

* INSTANT (OF A’ HO_DULATION OR OF A RESTITUTION) See DISTORTION, DEGREE

oF INDIVIDUAL.

2.154 DEGREE OF ISOCHRONOUS DISTORTION. See DISTORTION, DEGREE OF
ISOCHRONOUS ..

2,155 DEGREE OF SIGNIFICANT INSTANT.DIS.PORTION. See DISTORTION,
DEGREE OF INDIVIDUAL.,

2,156 DEGREE OF START-STOP DISTORTION. See DISTORTION, DEGREE OF
START-STOP.

2,157 DELAY, PHASE (FAX), In the transfer of a single frequency
wave from one point to another in a system, the time delay of a part
of the wave identifying its phase, NOTE: The phase delay is measured
by the ratio of the total phase shift in cycles to the frequency in
cycles per second,

2,158 DELAY DISTCRTION, See DISTORTION, ENVELOPE DELAY.,

2.159 DEIAY DISTORTION (FAX)., See DISTORTION, ENVELOPE DELAY.

2,160 DELTA MODULATION., See MODULATION, DEITA,

2,161 DEMODULATION. A process wherein a wave resulting from previous
modulation is employed to derive a wave having substantially the charac-
teristics of the original modulating wave., See RESTITUTION.

2,162 DENSITY (FAX), A measure of the light-transmitting or reflec-

tion properties of an area. It is expressed by the common logarithm of
the ratio of incident to transmitted or reflected light flux, NOTE: There

13
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are many typés of density which will usually have different numerical
values for a given material; e.g. Diffuse Density, Double Diffuse
Density; Specular Density. The relevant type of density c}epends upon
the geometry of the optical system in which the material is used.

2,163 DESISN OBJECTIVE, See OBJECTIVE, DESIGN.

2,16}, DESIGNATION, FREQUENCY SPECTRWM. See FREQUENCY, SPECTRUM
DESIGMATION OF, - -

2,165 DEVICE, INPUF-OUTPUT, Any equipment which introduces data
into or extracts data from a _dat.a communication system,

2,166 DIBIT. A group of two bits. The four possible states for
a dibit are 00, Ol, 10 and 1. ‘

2,167 VD:[FFERENTIAL MODULATION, See MODULATION, DIFFH%ENTIALo

2,168 DIGIT , BINARY, An information state in binary notation
(eofgop 0 or l),,»' - . S ; " ,

2.169 DIGTTAL ALPRABET GR CODE SET. See ALPHAEET, DIGTTAL.

2,170 DIGITAL DATA, See DATA. B |

2,171 DIGITAL SIGNAL, See SIGNAL, DINTTAL.

2,172 DIRECT RECRDING (FAX), See RECCRDING, DIRECT. (FAX),

2,73 DIRECTION OF SCANNING (FAX), See SCANNING, DIRECTION OF (PAL).

2,174 DISTORTION, AMPLITUDE VS FREQUENCY (of a transmission system).
That distortion caused by the nommiform attemmation, or gain, of the
system with respect to frequency under specified terminal conditions.

2,175 DISTORTION, BIAS. Distortion affecting a two-condition (or
binary ) modulation in which all the significant intervals corresponding
to one of the two significant conditions have unifornly longer or shorter
duration than the corresponding theoretical durations. - -

2,176 DISTORTION, CHARACTERISTIC, Distortion caused by transients

which, as a result of modulation, are present in the transmission channel
and depend on its transmission qualities, :

2,177 DISTORTION, CYCLIC. (Of telegraph signals.) Distortion which
is neither characteristic, bias, nor fortuitous and which, in general, has
a periodic character. Ibts causes are, for example, irregularities in the
duration of contact time of the brushes of a transmitter distributor or
interference by disturbing altermating currents, etc.

i
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2.178 DISTORTION, DEGREE OF, A measurement of the deviation of a
digital signal from the theoretically perfect signal. It is expressed as
a percent of the theoretically perfect unit interval,

2.179 DISTORTION, DEGREE OF INDIVIDUAL, OF A PARTICULAR SIGNIFICANT
INSTANT (OF A MODULATION OR OF A RESTITUTION). Ratio to the unit interval
of the displacement, expressed algebraically, of this significant instant
from an ideal instant. This displacement is considered positive when a
significant instant occurs after the ideal instant. The degree of indivi-
dual distortion is usually expressed as a percentage.

2.180 DISTORTION, DEGREE OF ISOCHRONOUS. Ratio to the unit interval
of the maximum measured difference, irrespective of sign, between the
actual and the theoretical intervals separating any two significant in-
stants of modulation (or restitution), these instants being not necessarily
consecutive., The degree of distortion (of an isochronous modulation or
restitution) is usually expressed as a percentage. NOTE: The result of
the measurement should be completed by an indication of the period, usually
limited, of the observation. For a prolonged modulation (or restitution)
it will be appropriate to consider the probability that an assigned value
of the degree of dlstortlon will be exceeded.

2.181 DISTORTION, DEGREE OF SIGNIFICANT INSTANT See DISTORTION,
DEGREE OF INDIVIDUAL. S L

2,182 DISTORTION, DEGREE OF START-_STOP. Ratio to the unit interval
of the maximum measured difference, irrespective of sign, between the
actual and theoretical intervals separating any significant instant of
modulation (or of restitution) from the significant instant of the start
element immediately preceding it. The degree of distortion of a start-
stop modulation (or restitution) is usually expressed as a percentage.

2.183 DISTORTION, DELAY. See‘DISIDRTION, ENVELOPE DELAY.,

2,184 DISTORTION, DELAY (OF A TRANSMISSION SISTE{); The distortion
of a complex waveform, made up of two or more different frequencies, caused
by the difference in arrival time of each frequency at the output.

2,185 DISTORTION, END (OF START-STOP TELETYPEWRITER SIGNALS).
shifting of the end of all marking pulses from their proper pos:.t:.ons :m
relation to the beginning of the start pulse.

2,186 DISTORTION, ENVELOPE DELAI. Ekxvelope delay distortion is the
maximum difference of the envelope delay characteristic in a band between
any two specified frequencies. Refer to Delay Distortion in Appendix B
for detailed explamation. ‘

Y
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2,187 DISTORTION, FORTUITOUS (OF TELEGRAPH SIGNALS). Distortion
resulting from causes generally subject to random laws, for example,
accidental irregularities in the operating of the apparatus and moving
parts, disturbances affecting the transmission chamel, etc,

2,188 DISTORTION, INTERMODULATION, Nonlinear distortion characterized
by the appearance of frequencies in the output, equal to the sums and
differences of integral multiples of the component frequencies present in
the input. NOTE: Harmonic components also present in the output are
usually not included as part of the intermodulation distortion. When
harmonics are included, a statement to that effect should be made.

2,189 DISTORTION, NONLINEAR, Distortion caused by a deviation from
a linear relationship between the input and output of a system or com-
ponent.,

2,190 DISTORTION, PHASE. See DISTCRTION, ENVELOFE DELAY,

2,191 DISTORTION, SINGLE-HARMONIC. The ratio of the power at the
fundamental frequency, measured at the output of the transmission system
considered, to the power of any single harmonic observed at the output of
the system because of its nonlinearity, when a single frequency signal
of specified power is applied to the input of the system; expressed in dB.

2,192 DIST(RTION, START-STOP ITY. The shifting of the transition
of the signal pulses from their proper positions relative to the begiming
of the start pulse. The magnitude of the distortion is expressed in
percent of a perfect unit pulse length,

2,193 DIST(RTION, TELETYPEWRITER SIGNALQ See DISTORTICN, START-STOP
TTY.

. 2,194 DISTORTION, TOTAL HARMONIC. The ratio of the power at the
fundamental frequency, measured at the output of the tranasmission system
considered, to the power of all harmonics observed at the output of the
system because of its nonlinearity, when a single frequency signal of
specified power is applied to the input of the system; expressed in dB.

2,195 DIVERSITY, That method of transmission and/or reception, where-
by, in order to reduce the effects of fading, a single received informa-
tion signal is derived from a combination of, or selection from, a plura-
lity of signals containing the same information. Improvement gained shall
be: expressed in dB.

2,196 DIVERSITY, DUAL., The term applied to the simultaneous combining
of , or selection from, two signals and their detection through the use of
space, frequ/ency,, angle, or polarization characteristics,.
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2,197 DIVERSITY, FREQUENCY. Any method of transmission and reception
wherein the same information signal is transmitted and received simul-

taneously on two or more distinct frequencies.

2,198 DIVERSITY, POLARIZATION., A method of transmission and/or re-
ception of information accomplished by the use of separate vertically

- and horizontally polarized antennas,

2,199 DIVERSITY, QUADRUPLE., The term applied to the simultaneous
combining of, or selection from, four signals and their detection through
the use of space, frequency, angle, or polarization characteristics or
combinations thereof,

2.200 DIVERSITY, SPACE, Any method of transmission and/or reception
which employs antennas having spatial separation.

2,201 DOPPLER EFFECT, See EFFECT, DOPPLER,
2,202 DOUBLE-CURRENT TRANSMISSION. See TRANSMISSION, DOUBLE-CURRENT.
2,203 DOUBLE SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND,

”DOUBLE, REDUCED OR SUPPRESSED CARRIER and TRANSMISSION, SIDEBAND, DOUBLE,

2.291; DRUM FACT(R (FAX), See FACT@, DRUM (FAX),

2,205 DRUM SPEED (FAX). See SPEED, DRUM (FAX).

2,206 DUAL DIVERSITY. See DIVERSITY, DUAL,

2,207 DUPLEX CIRCUIT. See CIRCUIT, DUPLEX,

2,208 DUPLEX OPERATION., See OPERATION, DUPLEX,

2,209 DUPLEX SYSTEM OR CIRCUIT. »See CIRCUIT, DUPLEX,

2.210 ECHO, The effect of a wave which, having been derived (for
example by reflection) from a primary wave, arrives at either end of the
same circuit with sufficient magnitude and delay to be distinctly recognized,

2.211 ECHO ATTENUATION, See ATTENUATION, ECHO.

2,212 EFFICIENCY FACTOR, IN TIME (OF A TELEGRAPH COMMUNICATION), See
EFFICIENCY, TELEGRAPH COMMUNICATIONS, 4

2,213 EFFECTIVE RADIATED POWER, See POWER, EFFECTIVE RADIATED,
2.2l EFFECT, DOPPLER, The phenomenon evidenced by the ‘change. in the
observed frequency of a wave in a transmission system caused by a time rate

of change in the effective length of the path of travel between the source
and the point of obserwvation.
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2,215 EFFECT, KENDALL (FAX), A spurious pattern or other distortion
in a facsimile record caused by umsanted modulation products arising from
the transmission of a carrier signal and appearing in the form of a
rectified baseband that interferes with the lower sideband of the carrier.
NOTE: This occurs principally when the single sideband width is greater
than half the facsimile carrier frequ.en.cyo

' 2,216 EFFICIENCY, TELEGRAPH COMMUNICATION. The efficiency factor of
a communication is the ratio of the time to transmit a text autematically
and at a spscified modulation rate, to the time actually taken Yo receive
the same text with a specified error rate, NOTE: (a) The whole of the
apparatus comprising the communication is assumed to be in the normal con-
dition of adjustment and operation. (b) A telegraph communication may
have a different efficiency factor in time for the two directions of
transmission. (c) The practical conditions of measurement should be
specified; in particular, the duratiom.

2,217 EHF, EXTREMELY HIGH FREQUENCY, 30 'm 300 GHZ.

2.,218- ELECTRICALLY-POWERED TELEPHOME, See TELEPHONE, ELECTRICALLY-
POWERED. '

( %0219' ELECTROCHEMICAL RECORDING (FAX), Ses REC(RDING, ELECTROCHEMICAL
FAX),

2,220 ELECTROLYTIC RECORDING (FAX), See mmmgmmmonmm (FAX),

2,221 ELECTROMECHANICAL RECORDING (FAX), See RECORDING, ELECTRO-
MECHANTCAL (FAX). '

( 30222 ELECTRONIC LINE SCANNING (FAX), See SCANNING, ELECTRONIC LINE
FAX),

. §°223 ELECTROSTATIC RECORDING (FAX)., See RECORDING, ELECTROSTATIC
AX)o ’

( '3’02215 ELECTROTHERMAL RECCRDING (FAX), See RECCRDING, ELECTROTHERMAL
FAX), '

2,225 ELEMENT, CCDE, Ome of a finite set of parts of which the
characters in a given code may be composed.

2,226 ELEMENT, SIGNAL, EBach of the parts constituting a telegraph
or data signal amd distinguished from the others by its nature, magnitude
duration, and relative position (or by ome or some of these features only%

2,227 EIE

MENTAL AREA (FAX), See ARPA, ELEMENTAL (FAX).
2,228 ELF, EXTREMELY LOW FREQUEKCY, below 300 Hz.
2,229 END DISTORTION, See DISTCRTION, END,
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2.230 INSTRIMENT, See INSTRUMENT, END,
2,231 ENVELOPE DELAY DISTORTION, See DISTRTION, ENVELOPE DEIAY,
2.232 EQUALIZATION. The process of reducing frequency and/or phase
distortion of a circuit by the introduction of networks to compensate for
the difference in attenuation and/or time delay at the various frequencies
in the transmission band,
2,233 EQUIPMENT, REMGI‘E CONTROL, See CONTROL EQUIPMENT, REMOTE,
2,234 ERRONEOUS BIT. See BIT, ERRONEOUS,
2,235 ERRONEOUS BIOCK, See BLOCK, ERRONEOUS,
2,236 ERRGR. See ERR(R; SINGLE, DOUBLE, TRIPLE, ETC,
2,237 ERROR-CCRRECTING CODE, See CODE, ERR(R-CORRECTING.
' 2.238 ERROR-CORRECTING SYSTEM, See SYSTEM, ERR(R CORRECTING.

2,239 ERRR-DETECTING AND FEEDBACK SYSTEM, See SYSTEM, ERROR-DETECT-

 ING AND FEEDBACK,

2,240 ERROR-DETECTING CODE. See CODE, ERROR-DETECTING.
2.241 ERROR-DETECTING SYSTEM, See SYSTEM, ERROR DETECTING,
2,242 ERR(R-RATE RESIDUAL, (Undetected error-rate,) The ratio of

* the mumber of bits, elements, characters, blocks incorrectly received but

undetected or uncorrected by the error-control equipment, to the total
mmber of bits, unit elements, characters, blocks sent.

2,243 ERR(R BURST, See BURST, ERR(R,

2.24}y ERRR RATE, See RATE, ERR(R,

2,245 ERROR: SINGLE, DOUBLE, TRIPLE, EIC., A group of 1, 2, 3, etc.,
consecutive erroneous bits, characters, words, blocks or elements pre-
ceded and followed immediately by at least one correct bit, character,
word, block or element,

2,246 EXALTED CARRIER RECEPTION, See RECEPTION, EXALTED CARRIER,

2,247 FlA-LINE WEIGHTING., See WEIGHTING, FlA-LINE,

2,248 FACSIMILE-SIGNAL LEVEL, See SIGNAL LEVEL, FACSIMILE,

- 2,249 FACSIMILE, A line scamning system of telecommunication for the

transmission of fixed images, with or without half-tones, with a view to
their reproduction in a permanent form. (Wirephoto and telephoto are
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facsimile through wire circuits; radiophoto is facsimile via radio).
See GRAPHICS.

2,250 FACSIMILE BANDWIDTH, See BANDWIDTH, FACSIMILE.

2,251 FACSIMILE CONVERTER., See CONVERTER, FACSIMILE.

2,252 FACSIMILE RECEIVER, See RECEIVER, FACSIMILE,

2,253 FACSIMILE REC(RDER., See REC(RDER, FACSIMILE.

2,25l FACSIMILE SIGNAL, See SIGNAL, FACSIMILE.

2.255 FACSIMILE TRANSMITTER. See TRANSMITTER, FACSIMILE.

2,256 FACTOR, ACTIVITY, Activity factor, for a voice communication
channel, is the percentage of the time during the busiest traffic hour
when & signal is present in the channel in one direction,

2,257 FACT(R, DRUM (FAX)., The drum factor is the ratio of drum
length used to drum dismeter. Where drums are not used it is the ratio
of the eguivalent dimensions, :

2,258 FADING, The fluctuation in intensity and/or relative phase of
any or all frequency components of the received radio signal due to changes
in the characteristics of the propagation path,

2,259 FADING, FIAT, That type of fading in which all frequency com-
. ponents of the received radio signal fluctuate in the same proportion
simdteansously .,

2,260 FADING, SEIECTIVE. That type of fading in which the various
- frequency components of the received radio signal fluctuate independently.

2,261 FALL TIME, See DECAY TIME, PULSE,

2,262 FAR-END CROSSTALK. See CROSSTALK, FAR-END.

2,263 FAULT, A malfunction that is reproducible, as contrasted to an
error, which is defined as a malfunction which is not reproducible, A
malfunction is considered reproducible if it occurs consistently under
. the same circumstances,

2,264 FAX, A shorthand reference to facsimile,

2,265 FIDELITY. See LINEARITY,

2,266 FIXED REFERENCE MODULATION, See MODULATION, FIXED REFERENCE.
2,267 FLAT FADING, See FADING, FLAT,

2,260 FIAT WEIGHTING, See WEIGHTING, FLAT,
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2,269 FORMAT, Arrangement of bits or characters within a group, such
as a word, message, or language; shape, size and general makeup of a document.

2,270 FORTUITOUS DISTORTION, See DISTORTION, FCRTUITOUS,
2,271 FOUR-WIRE CIRCUIT., See CIRCUIT, FOUR-WIRE.

2.272 FRAME (FAX), A4 rectangular area, the width of which is the
availeble line and the length of which is determined by the service re-
quirements,

2,273 FRAMING (FAX). The adjustment of the picture to a desired
position in the direction of line progression.

2,27y FRAMING BIT. See BIT, FRAMING,

2,275 FREQUENCIES, PICTURE (FAX). The frequencies which result solely
from scanning subject copy. NOTE: This does not include frequencies which
are part of a modulated carrier signal,

2,27¢ FREQUENCY-CHANGE SIGNALING., See SIGNALING, FREQUENCY CHANGE,

: ,2.277 FREQUENCY-EXCHANGE SIGNALING, TWO-SOURCE FREQUENCY., See
-"SIGNALING, FREQUENCY EXCHANGE,

2.278 FREQUENCY. The number of complete cycles per unit of time,
When the unit of time is one second, the measurement unit is Hertz (cycles
per second)

2,279 FREQUENCY, ASSIGNED., The frequency of the center of the radiated
bandwidth shall be designated the assigned frequency. (The frequency of the
RF carrier, whether .suppressed or radiated, shall be referred to in paren-
theses following the'assigned frequency and shall be the frequency appearing
in the dial settings of RF equipment intended for a single sideband or in-
dependent sideband,) NOTE: The frequency of the RF carrier is usually re-
ferred to in this standard as f; and the assigned frequency as f., i.e., in
Figures 15 and 16.

2,280 FREQUENCY, CARRIER. The frequency of the ummodulated carrier.

2.281 FREQUENCY, CHARACTERISTIC. A frequency which can be easily
identified and measured in a given emission,

2,282 FREQUENCY, MAXIMUM KEYING (FAX). The frequency in cycles per
second mmerically equal to the spot speed divided by twice the "“scamning:
spot X dimension."

2.283 FREQUENCY, MAXIMUM MODULATING (FAX). The highest picture fre-
quency required for the facsimile transmission system, NOTE: The maximum mod-
ulating frequency and the maximum keying frequency are not necessarily equal,

21



http://www.abbottaerospace.com/technical-library

MIL-STD-188C

2,28y FREQUENCY, REFERENCE, A frequency baving a fixed and specified p
position with respect to the assigned frequency. The displacement of this .
frequency with respect to the assigned frequency has the same absolute
value and sign that the displacement of the characteristic frequency has
with respect to the center of the frequency band occupied by the emission.

2,285 FREQUENCY, SAMPLING, The rate at which signals in an individual
channel are sampled for subsequent modulation, quantization, and/or coding.

2,286 FREQUENCY, SCANNING LINE (FAX). See SPEED, STROKE (FAX),

2,287 FREQUENCY, SPECTRUM DESIGNATION OF, A method of referring to a
range or band of commmication frequencies, In American practice the
designator is a two or three letter abbreviation of the name, In ITU
practice the designator is a mumeric. These ranges, or bands are:

American Band Frequency ITU Band

EF Below 300 Hz

ILF 300 - 3000 Hz

VLF 3 - 30 kHiz L
I¥ 30 - 300 kHz 5
MF 300 - 3000 kHz 6
HF 3 -~ 30 MHz 7
VEF 30 - 300 MHz 8
UHF 300 -~ 3000 MHz 9
SHF . 3 - 30 GHz 10
EHF 30 - 300 GHz 11

2,288 FREQUENCY DIVERSITY, See DIVERSITY, FREQUENCY.

2,289 FREQUENCY DIVISION MULTIPLEX (FIM), See MULTIPLEX, FREQUENCY
DIVISION (FIM).

2,290 FREQUENCY MODULATION. See MODULATION, FREQUENCY.

2,291 FREQUENCY SHIFT, SIGNAL (FAX). In a frequency shift facsimile
system, the numerical difference between the frequencies corresponding
to white signal and black signal at any point in the system. :

2,292 FREQUENCY SHIFT KEYING, —See KEYING, FREQUENCY SHIFT,

2.293 FREQUENCY SHIFT SIGNALING, See KEYING, FREQUENCY SHIFT.

2,29l FREQUENCY SPECTRWM DESIGNATION. See FREQUENCY, SPECTRUM DE-
SIGNATION OF,

2.295 FREQUENCY TOLERANCE, The maximum permissible departure of the

center frequency of the frequency band occupied by an emission from t%_’
assigned frequency or of ‘the characteristic frequency of an emission f{rom
the referency frequency. The frequency tolerance is expressed in parts

in 10®, in Hertsz, or in percentages.
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2,296 FULL DUPLEX OPERATION, See OPERATICN, DUPLEX.

2,297 GAIN, The action by which, or the result in which, the power
of an electrical signal is increased; expressed in dB,

2.298 GAIN, ANTENNA, Antenna gain is commonly defined as the ratio
of the maximum radiation intensity in a given direction to the maximum
radiation intensity produced in the same direction from a reference antenna
with the same power input,

2.299 GAIN, INSERTION. The insertion gain of a transmission system
(or component thereof) inserted between two impedances Zg (transmitter) and
2, (receiver) is the ratio of the power measured at the receiver Zp, after
insertion of the transmission system considered, to the power measured
before insertion; expressed in dB, If the resulting number in dB thus
obtained is negative, an insertion loss is indicated,

2.300 GAIN, NET. See LOSS, NET.

2,301 GHZ, GIGAHERTZ, 10 TO POWER CF 9, HERTZ.

2.302 GRAPHICS. The art or science of conveying intelligence through
the use of graphs, letters, lines, drawings, pictures, etc. (Facsimile is
a technology for electrically transporting intelligence in graphic form
from one point to another.)

2,303 GROUND-RETURN CIRCUIT. See CIRCUIT, GROUND-RETURN.

2,30 GROUP, TRUNK, Two or more trunks between the same two points.

2,305 GROUPIMG (FAX), Periodic error in the spacing of recorded lines.

2,306 GUARD BAND, See BAND, GUARD,

2,307 GUARD BAND, TIME, See BAND, TIME GUARD,

2,308 HAl-RECEIVER WEIGHTING, See WEIGHTING, HAl-RECEIVER,

2,309 HALF-DUPLEX CIRCUIT, Sée CIRCUIT, HALF-DUFLEX,

2,310 HALF-DUPLEX OPERATION. See OPERATION, HALF-DUPLEX,

¢ %.311 HALFTONE CHARACTERISTIC (FAX). See CHARACTERISTIC, HALFTONE
FAX)., :

2,312 HERTZ, A unit of frequency - one cycle per second, 1 Hz,
2.313 HF. High frequency, 3 to 30 MHz,
2,31y HIGH PERFORMANCE mUIHEM‘S. See PERFORMANCE, EQUIPMENTS, HIGH.
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2,315 Hz, Hertz,

2,316 IILF, Infra low frequency, 300 to 3000 Hz.

2,317 IMPEDANCE, TERMINAL. The complex impedance as seen at ths un-
loaded output terminals of a transmission equipment or line which is
otherwise in normal operating condition,

2,318 INBAND NOISE POWER RATIO (MULTICHANNEL EQUIPMENT ). See NOISE
POWER RATIO, INBAND (MULTICHANNEL EQUIPMENT).

2,319 INBAND SIGNALING. See SIGNALING, INBAND,

2,320 IN CHANNEL NOISE PGWER RATIO (MULTICHANNEL EQUIPMENT). See
NOISE POWER RATIO, IN CHANNEL (MULTICHANNEL EQUIPMENT. :

2,321 INDEPENDENT SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND s

INDEPENDENT .
2,322 INDEX OF COOPERATION (FAX), See COOPERATION, INDEX OF (FAX).

2,323 INDEX OF COOPERATION, DIAMETRAL OR INTERNATIONAL, See COOPERA-
TION, INDEX CF (FAX). .

2,32y INFORMATION BIT. See BIT, INFORMATION,

2,325 INFORMATION TRANSFER. See TRANSFER, INFORMATION,

2,326 INK VAPCR RECORDING (FAX), See RECORDING, INK VAPGR (FAX),
2,327 INPUT-OUTPUT DEVICE, See DEVICE, INPUT-OUIPUT.

2,328 INSERTION GAIN., See GAIN, INSERTION,

2,329 INSERTION LOSS, See LOSS, INSERTION.

2,330 INSTANTS, SIGNIFICANT. The instants at which the successive
significant conditions recognized by the appropriate device of the modu-
lation or restitution begin., BEach of these instants is determined as
soon as the appropriate device takes up the significant condition usable
for a recording or & processing.

2,331 INSTRUMENT, END., A device which is connected to the terminal
of a circuit and used to convert usable intelligence into electrical
signals or vice-versa.

2,332 INTEGRITY, CHARACTER AND BIT COUNT., That condition in which
the precise mumber of characters,or bits,that are originated in a message
text (in the case of message commnication) or per unit time (in the case
of a user to user comnection) are preserved,

2,333 INTERCHARACTER INTERVAL. See INTERVAL, INTERCHARACTER,
2L
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2,33, INTERFACE, A concept involving the specification of the inter-
connection between two equipments or systems. The specification includes
the type, quantity and function of the interconnection circuits and the
type and form of signals to be interchanged via those circuits.

2.335 INTERMODUIATION DISTORTION., See DISTORTION, INTERMODULATION,
2.336 INTERMODULATION NOISE, See NOISE, INTERMODULATION.
2,337 INTERNAL BIAS, See BIAS, INTERNAL.

2.338 INTERVAL, CHARACTER. The total number of unit intervals (in-
cluding synchronizing, intelligence, error checking, or control bits)
required to transmit any given character in any given communication system.
Extrs signals which are not associated with individual characters are not
included, For example, additional time added between the end of the
customary stop element and the beginning of the next start element as a
result of a speed change, buffering, etc., is defined as the intercharacter
interval., The intercharacter interval may be of any length and is of the
same sense on the stop element, i.e., "1 (marking). See INTERCHARACTER
INTERVAL.,

2.339 INTERVAL, INTERCHARACTER. The intercharacter interval is that
time period between the end of the stop element of one character and the
begimning of the following character. The signal sense of the inter-
character interval is always the same as the sense of the stop element,
i.e.; "1" or marking. See INTERVAL, CHARACTER,

2,340 INTERVAL, SIGNIFICANT. Time interval between two consecutive
gignificant instants.

2,341 INTERVAL, UNIT. In a system using an equal-length code or in a
system during isochronous modulation (or demodulation), it is the interval
of time such that the theoretical durations of the significant intervals
of a telegraph modulation are all whole multiples of this interval,

2,342 INVERSION, BIT, The deliberate or fortuituous changing of the
state of a bit to the opposite state,

2,343 TISOCHRONOUS MODULATION, See MODULATION, ISOCHRONOUS,

2.34ly JITTER (FAX). Raggedness in the received copy caused by
erroneous displacement of re_corded spots in the direction of scanning.

2.345 JTIITER, PHASE. See PERTUBATION, PHASE,
2.346 KENDALL EFFECT (FAX)., See EFFECT, KENDALL (FAX).

2.347 KEYING, FREQUENCY SHIFT, FREQUENCY SHIFT SIGNALING (FSK). A
frequency-change signaling method in which the frequency or frequencies
are varied in accordance with the signals to be transmitted and character-
ized by contimuity of phase during the transition from one signaling con-
dition to another,
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2.348 KEYING, TWO-TONE, TELEGRAPH, - A system employing a
transmission path comprising two channels in the same direction, one for .
transmission of the spacing elements of binary modulation, the other for
transmitting the marking elemenis.of the sams modulation.

2.349 KHZ, KiloHertz. 10 to power of 3, Hertz.

2.350. LENGTH, SCANNING LINE (FAX), The total length of scanning line
is equal to the spot speed divided by the scanning line frequency. MNOTE:
This is generally greater than the length of the available line.

2.351 LEVEL, CARRIER NOISE. The noise level produced by undesired
variations of a carrier in the absence of any intended modulation.

2.352 LEVEL, RELATIVE TRANSMISSION. The ratio of the signal power
in a transmission system to the signal power at some poimt chosen as re-
ference. The ratio is usually determined by applying a standard test tone
(See TONE, STANDARD TEST) at zero transmissiom level reference point (or
adjusted test tone power at any other reference point) and measuring the
gain or loss to the location of interest. Note should be made as to the
distinction between the standard test tone power and the expected median
power of the actual signal required as the basis for the design of tramns-

. mission systems.

- 2,353 LEVEL, SINGLE SIDEBAND EQUIPMENT, REFERENCE. (Voice Frequemcy

~ Input Power to a Transmitter, One Sideband Omly.) The power of ons of two
. equal tones which together cause the transmitter to develop its full rated
peak power output. : '

- 2,354 LF, >Low frequency 30 to 300 kHz.

 2.355 LIMITER. 4 device which reduces the power of am electrical
; Signal when 1t exceeds a specified value. The amount of reduction or
. compression incresses with increase of the input power.

2.356 LINE, AVAILABLE (FAX). The portion of the ‘scanning line which
can be used specifically for picture signals. : .

2,357 LINE, LOCAL. See LOOP, LINE.

2.358 LINE, USEFUL (FAX). See LINE, AVATLABLE.
2.359 LINE, USER'S. See LOOP, LINE.

2,360 LINEARITY. A constant relationship between signal processing
devices' input and output characteristics such as frequency, amplitude,
phase and tims, over a designated range. See DISTORTION, NONLINEAR,

2.361 LINE LOOP. See LOOP, LINE.
2.362 LINE SIDE. See SIDE, LINE.

2.363 LINE WIDTH, MOMINAL (FAX). The average separation between
centers of adjacent scamning or recordifg limes.
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2,364 LINK. a. A portion of a communication circuit.

b. A channel or circuit designed to be comiected in tandem with
other channels or circuits. ' :

¢c. A radio path between two points, called a radio link; the re-
sultant circuit may be unidirectional, half-duplex, or duplex., NOTE: The
term "link" should be defined or qualified when used, It is generally
accepted that the signals at each end of a link are in the same form,

2,365 LISTENERS GRADE OF SERVICE. Listeners grade of service ratings
for telephone communications rate the received volume and or other trans-
mission variables by evaluating the circuit performance by listeners judg-
ment into three major categories of "Good," “Fair," and "Poor or worse.'"

2,366 LOADING CHARACTERISTIC (MULTICHANNEL TEIEPHONY SISTEMS)., See
CHARACTERISTIC, LOADING, ‘ , :

2,367 LOCAL LINE. See LOOP, LINE.
2,368 LOCAL SIIE, See SIDE, LOCAL,
2.369 LONGITUDINAL BAIANCE. See BALANCE, LOMGITUDINAL.,

2,370 100P. A loop is a single message circuit from a switching
center and/or individual message distribution point to the terminals of an
end instrument. : S

2,371 100P, LINE. The portion of a radio or wire circuit that connects
a user's end instrument and a central office. (Synonymous terms are "local
line" and "™users line,")

2,372 10SS, CROSSTALK COUPLING., (Between a Disturbing and a Disturbed
Circuit,) The ratio of the power in the disturbing circuit to the induced
power in tle disturbed circuit observed at definite points of the circuits
under specified terminal conditions; expressed in dB,

2,373 L0SS, INSERTION, The insertion loss of a transmission system
(or component thereof) inserted between two impedances Z. (transmitter)
and Zr (receiver) is the ratio of the power measured at ghe receiver
before insertion of the transmission system considered, to the power
measured after insertion; expressed in dB., If the resulting number in dB
thus obtained is negative, an insertion gain is indicated,

2,37k LOSS, NET (GAIN), Net loss or gain is the loss or gain overall
of a transmission circuit., It is measured by applying a test signal of
some convenient power at the beginning of the circuit and measuring the
power delivered at the other end. The ratio of these powers expressed in
dB is the net gain or loss of the circuit under observation. :
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2.375 LOSS, RETURN., The return loss at the junction of a transmission
line and a terminating impedance is the ratio, expressed in dB, of the
reflected wave to the incident wave. More broadly, the return loss is a
measure of the dissimilarity between two impedances, being equal to the
mumber of decibels which corresponds to the scalar value of the reciprocal
of the reflection coefficient; and hence being expressed by the formmla:

20 lt)gl0 22 + Zl

2%

are the two impedances. See Figure 10, Appendix B,

dB

where Zl and 22

2,376 LOW PERFORMANCE EQUIPMENTS. See PERFORMANCE, BEQUIPMENTS, LOW.

2.377 MARGIN, SINGING. The singing margin of a transmission circuit
is defined as the maximum amount by which the net loss of each of the two
directions of transmission in a two-wire circuit that has a four-wire
portion may be reduced simultaneously before singing occurs.

2.378 MARKING FULSE. See PULSE, MARKING.

‘,( g »379 MAXIMUM KEYING FREQUENCY (FAX). See FREQUENCY, MAXIMUM KEYING
© (FAX

2.380 MAXIMUM MODULATING FREQUENCY (FAX). See FREQUENCY, MAXIMUM
MODULATING (FAX).

2. gal MEAN FOWER (RADIO TRANSMITTER). See POWER, MEAN (RADIO TRANS-
* MITTER

2.382 MEAN POWER OF THE TALKER VOLUME DISTRIBUTION. See TALKER
VOLUME DISTRIBUTION, MEAN POWER OF THE.

2,363 MEAN VOLUME TALKER, See TALKER, MEAN VOLUME.
2,384 MEASUREMENT UNITS OF NOISE. See NOISE, MEASURRMENT UNTIS.

2.385 MEDIUM, RECORD (FAX). The physical medium on which the facsimile
recorder forms an image of the subject copy.

2,386 MEDIUM POWER TALKER, See TALKER, MEDIUM FOWER.

2.387 MESSAGE. A commnication from a source to one or more destina-
tions in a suitable language.

2.388 MESSAGE SWITCHING. See SWITCHING, MESSAGE.
2.389 METALLIC CIRCUIT. See CIRCUIT, METALLIC.
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2,390 MF, Medium frequency, 300 to 3000 kHz,
2,391 MHZ, MegaHertz, 10 to power of 6, Hertz.
2,392 MODEM, Acromym for modulator-demodulator.

2,393 MODULATION, The process of varying some characteristics of the
carrier wave in accordance with the instantaneous value of samples of the .
imtelligence to be transmitted. See CARRIER.

2,394 MODULATION, AMPLITUDE (AM). The form of modulation in which
the amplitude of the carrier is varied in accordance with the instantaneous
value of the modulating signal.

2.395 MODULATION, DELTA, A technique for converting an anslog signal
to a digital signal. The technique approximates the analog signal with
a series of segments. The approximated signal is compared to the original
anslog wave to determine an increase or decrease in relative amplitude,
The decision process for establishing the state of successive binary digits
is determined by this comparison. There are several variations to the
simple delta modulation\system.

2,396 MODULATION, Dﬁ‘FERENI‘IA.h A type of modulation in which the.
choice of the significant condition for any signal element is dependent
on the choice for the previous signal element. Delta modulation is an

example,

2,397 MODULATION, FIXED REFERENCE. A type of modulation in which the
choice of the significant condition for any signal element is based on 2
fixed reference.

2,398 MODULATION, FREQUENCY (FM). The form of modulation in which the
instantaneous frequency of a sine wave carrier is caused to depart from the
carrier frequency by an amount proportional to the instantaneous value of
the modulating signal,

2,399 MODULATION, ISOCHRONOUS., Modulation (or demodulation) in which
the time interval separating any two significant instants is theoretically
equal to the unit interval or to a multiple of this,

2,400 MODULATION, PHASE (PM), The form of modulation in which the
angle relative to the unmodulated carrier angle is varied in accordance
with the instantaneous value of the amplitude of the modulating signal.

2,401 MODULATION, PULSE AMPLITUDE (PAM). The form of modulation in
which the amplitude of the pulse carrier is varied in accordance with
successive ! ies of the modulating signal.

2.,02 MODULATION, PULSE CODE (PCM). The form of modulation in which
the modulating signal is sampled, and the sample quantized and coded so
that each element of information consists of different kinds and/or
numbers of pulses and spaces,
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2,103 MODULATION, PULSE FREQUENCY (PFM), The form of modulation in
which the pulse repetition frequency of the carrier is varied in accord-
ance with successive samples of the modulating signal.

2,404 MODULATION, PULSE TIME (PTM). The form of modulation in which
the time of occurrence of some characteristics of the pulse carrier is .
varied in accordance with successive samples of the modulating signal.
(This includes pulse position and pulse duration or pulse width modulation.

2,405 MODULATION, SIGNIFICANT CONDITION OF., A condition assumed by
the appropriate device corresponding to the quantized value (or values)
of the characteristic (or characteristics) chosen to form the modulation.
The following equivalent designations are used to identify the significant
conditions for binary modulation:

Passive Active
0 1
Current Off Current On
Tone Off Tone On
. Space Mark

+

No hole (paper tape) Hole (paper tape)
Frequency High Frequency Low

2,406 MODULATION RATE. See RATE, MODULATION,
2,407 MULTIPLE SPOT SCANNING (FAX). See SCANNING, MULTIPLE SPOT,

2,408 MULTIPLEX, FREQUENCY DIVISION (FDM). Frequency division multi- -
plexing is a method of deriving two or more simultaneous, continuous :
channels from a medium connecting two points by assigning separate portions

- of the available frequency spectrum to the several channels,

2,409 MULTIPLEX, TIME DIVISION (TDM). Time Division Multiplexing is

a method of deriving several channels from a given frequency spectrum, by
assigning discrete time intervals in sequence to the different channels.
During a given time interval the entire available frequency spectrum can
be used by the channel to which it is assigned. In general, time division
multiplex systems use pulse transmission, The multiplex pulse train may

be considered to be the interleaved pulse trains of the individual channels.,
. The individual channel pulses may be modulated either in an analog or a
digital manner,

2.1410 MULTIPLEX BASEBAND. See BASEBAND, MULTIPLEX,

2,411 MULTIPLEX BASERAND RECEIVE TERMINALS, See TERMINALS, MULTIPLEX
BASEBAND RECEIVE, :

2,412  MULTIPLEX BASEBAND SEND TERMINALS, See TERMINALS, MULTIPLEX
BASEBAND SEND. |
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2,413 MUX. A shorthand reference to multiplex.

. | 2.l NEAR-END CROSSTAIK. See CROSSTALK, NEAR-END,
2,415 NECESSARY BANDWIDTH, See BANDWIDTH, NECESSARY.
2,416 NET OPERATION. See OPERATION, NET.

2,417 NEUTRAL DIRECT JURRENT TELEGRAPH SYSTEM., See SYSTEM, NEUTRAL
DIRECT~CURRENT TELHGRAPH.

2.418 NODE. (Also ¢ illed Junction Point, Branch Point, or Vertex.)
A terminal of any branch of a network or a terminal common to two or
more branches of a network.

2,119 NOISE, INTERMODULATION, In a transmission path or device,
that noise which is contingent upon modulation and results from any non-
linear characteristic in the path or device.

2,420 NOISE, MEASUREMENT UNITS. Noise is usually measured in terms
of power, either relative or absolute, The decibel is the base unit for
these measurements. A suffix is usually added to denote a particular
reference base or specific qualities of the measurement. (See WEIGHTING,
NOISE.) Noise'measurement units defined in this standard are dBa, dBa(FlA),
dBa(HAl), dBa0, dBm, dBmO, dBm,Psoph., dBmOp, dBmn, dBrn(1li}-line), dBrn
(1hh-receiver), dBrn(C-messageS dBrn(f‘l - £, ), PW and pWp.

. 2.421 NOISE, QUANTIZING. In a modulation system that employs a

- quantizing process, quantizing noise is that noise that is caused by the
error of approximation. It is an undesirable random distortion signal
which is solely dependent on the particular quantization process used
and the statistical characteristics of the quantized signal.

2.422 NOISE POWER OF A RADIO TRANSMITTER (PN)., See POWER, NOISE, OF A
RADIO TRANSMITTER (PN).

2.423 NOISE POWER RATIO, INBAND (NPR) (MULTICHANNEL EQUIPMENT).
noise power ratio, for multichannel equipment, is the ratio of the mean
noise power measured in any channel, with all chammels loaded with white
noise, to the mean noise power measured in the same channel, with all
channels but the measured channel loaded with noise.

2,42y NOISE POWER RATIO, IN CHANNEL (NFR) (MULTICHANNEL EQUIPMENT).
The noise power ratio, for multichannel equipment, is the ratio of the
mean noise power measured in any channel, with no input loading on the
chamnels, to the mean noise power measured in the same channel, with only
the measured channel loaded with white noise.

2,425 NOISE POWER RATIO, SINGLE SIDEBAND (NPR) (SSB). NPR (SSB) is the
ratio of the mean noise powers measured in the notch filter bandwidth for
the notch in and the notch out conditions with total system mean noise
power )output equal for both conditions. (See Section 9, Methods of Measure-
ment,
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2.426 NOISE RATIO, SIGNAL-PLUS-NOISE TO., The signal plus noise to
noise is a ratio of the signal plus noise arriving at a location in a ‘
transmission path to the noise normally present when the signal is re-
moved at the sending end and replaced by a termination.

2,427 NOISE WEIGHTING, See WEIGHTING, NOISE.

2,428 NOMINAL BANDWIDTH, See BANDWIDTH, NOMINAL,

2,429 NOMINAL LINE WIDTH (FAX). See LINE WIDTH, NOMINAL (FAX).
2,430 NONLINEAR DIST(RTION, See DISTORTION, NONLINEAR.,

2,431 NOTATION, BINARY, A scheme for representing numbers character-
ized by the arrangements of digits in sequence with the understanding
that successive digits are interpreted as coefficients of successive
powers of the base two,

2.432 NPR., Noise Power Ratio.
2,433 NUMBER, BINARY. A number expressed in binary notation.

2.434 OBJECTIVE, DESIGN, An electrical (or mechanical) performance

characteristic for communication circuits and equipments which is based
on engineering judgment of performance desired but which for a number of
reasons it is not considered feasible to establish as a STANDARD at the
time this standard is written. Examples of reasons for designating a o
~ performance characteristic as a (DO) rather than as an (S) are: It may ‘
. be bordering on an advancement in state-of-the-art; the requirement may
 not have been fully confirmed by measurement or experience with operating

circuits; it may not have been demonstrated that it can be met considering

other constraints such as cost and size, etc, 4 (D0) shall be considered

as guidance for Department of Defense Agencies in preparation of speci-
- fications for development or procurement of new equipment or systems
- which shall be used if technically and economically practicable at the

time such specifications are written., See also STANDARDS, SYSTEM.

2,435 OCCUPIED BANDWIDTH. See BANDWIDTH, OCCUPIED,

2,436 OFFICE, CENTRAL., See CENTER, SWITCHING.

2,437 ONE-WAY REVERSIBLE OPERATION, See OPERATION, ONE-WAY REVERSIELE,

2438 OPEN-CIRCUIT WORKING, See CIRCUIT WORKING, OPEN-.

2,439 OPERATION, BROADCAST, That type of operation in which a trans-
ﬁgm E:oint emits information which may be received by one or more |

2,440 OPERATION, CONFERENCE, a. In a telephone systeni, that type
of operation in which more than two stations can carry on a conversation.
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b. In telegraph or data transmission, that form of simplex or
half-duplex operation in which more than two stations may simultaneously
exchange information, carry on conversations or pass messages among one
another, NOTE: In radio systems, the stations receive simultaneously,
but must transmit one at a time., The common modes are '"push-to-talk"
(telephone) and "push-to-type" (telegraph, data transmission).

2,441 OPERATION, DUPLEX., A type of operation in which simmltansous
two-way conversations, messages or information may be passed between any
two given points.

2.442 OPERATION, FULL DUPLEX., See OPERATION, DUPLEX.

2,443 OPERATION, HALF-DUPLEX, That type of simplex operation which
uses a half-duplex circuit. '

2.4Y); OPERATION, NET, Nets (netted operations) are ordered confer-
ences whose participants have common information in needs or like functions
to perform. Nets are characterized by adherence to standard formats,
They are responsive to a common supervisor entitled the Net Controller
(Net Control Stations) whose functions include permitting access to the
Net and maintaining circuit discipline,

2,445 OPERATION, ONE-WAY REVERSIBLE. Similar to half-duplex opera-
tion.

2,446 OPERATION, PUSH-TO-TALK. (Press-to-talk) In telephone systems,
that method of communication over a speech circuit in which transmission
occurs from only one station at a time, the talker being required to keep
a switch operated while he is talking. ‘

2,447 OPERATION, PUSH~-TO-TYPE. (Press-to-type) In telegraph or data
transmission systems, that method of communication, in which the operator
must keep a switch operated in order to send from his station. It is
generally used in radio systems where the same frequency is employed for
transmission and reception, NOTE: This is a derivative form of trans-
mission, and may be used in simplex, half-duplex or duplex operation.

2.448 OPERATION, SIMPLEX., That type of operation which permits the
transmission of signals in either direction alternately. NOTE: In radio
telegraph or data transmission systems, it may be either (a) the use of a
single frequency, time slot or code address for transmission, and another
frequency, time slot or code address for reception, or (b) the use of the
same frequency, time slot or code address for both transmission and re-
ception. In wire telegraph systems, simplex operation may be employed
over either a half-duplex circuit, or over a neutral direct current circuit.

2.449 OPERATION, SPEECH-PLUS-DUPLEX, That method of operation in which

speech and telegraphy (duplex or simplex) are transmitted simultaneously
over the same circuit, being kept from mutual interference by use of filters,
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2,450 OCPERATION, UNDIRECTIONAL (SEND ONLY, RECEIVE ONLY). A method
of operation between terminals, ons of which is a transmitter and the
other a receiver.

2,451 ORDER WIRE, See WIRE, CRDER.

2,452 OUT-OF-BAND SIGNALING, See SIGNALING, OUT-CF-BAND.
2,453 OUIPUT RATING, See POWER.

2,45l OVERHEAD BIT. See BIT, OVERHEAD,

2,455 PAIRING, BIT., The practice of establishing, within a code set,
a mumber of subsets of two characters each that have an identical bit re-
presentation except for the state of a specified bit., For example: In
the ITA Mumber 5 and the Military Standard Code for Information Inter-
change, the upper case letters are related to their respective lower case
letters by the st-ate of bit sn.xo

2,456 PARALLEL TRANSMISSIONG See TRANSMISSION, PARALLEL,
2.457 PARITY BIT, See BIT, PARIIY,

2,458 PATTERN, ADDRESS. In a digital system a prescribed recurring
pattern of bits transmitted over a digital transmission system to enable
the receiver to achieve frame synchronization.

2,459 PEAK ENVELOPE POWER (RADIC TRANSMITTER). See POWER, PEAK
. ENVELOPE (RADIO TRANSMITTER),

2,460 PERFORMANCE, EQUIPMENTS, HIGH, Those equipments having suf-
ficiently exacting characteristics to permit their use in trunk or link
circuits. Those equipments designed primarily for use in global and
tactical service which are reguired to operate where the maximum perform-
ance, minimum electromagnetic interference and capabilities are required
for operation in a variety of neis or for fixed point-to-point circuits,
HOTE: Requirements for global and tactical high performance equipments
may differ.

2,461 PERFORMANCE, EQUIPMENTS, LOW. Those equipments having in-
sufficiently exacting characteristics to permit their use in trumk or link
. circuits, Such equipments may be employed in loop circuits whenever they
. meet loop circuit requirements. Those tactical ground and airborns egquip-
ments whose size, weight, complexity must be kept to a mimimuwm and where

the primary requirement is to operate in nets with similar minimum per-
formance standards,

2,462 PERTUBATION, PHASE (PHASE JITTER). The existence of this
phenamenon has long been recognized by telephone transmission engineers,
however due to the relative insensitivity of the human ear to this form
of chamnel disturbance, relatively little attention has been paid to it.
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Attention is called to this phencmenon because of the serious detrimental
impact it can have on data transmission, particularly that type of modu-
lation which is dependent on the signal phase more than the amplitude or
frequency, It is not precisely defined since so little, widely understood
or agreed technical data exists. For purposes of a working definition,
therefore, Phase Pertubation or Phase Jitter is defined as that phenomena
from causes knovn or unknown which results in a relative sh:i.t‘tmg (often .
quite rapid) in the phase of the signal.

The shifting in phase may appear to be random, cyclic or both,
Tt is noted that a similar phenomenon related to amplitude pertubation
exists which is also not sufficiently understood to be acceptably defined
at this time.

The amount of phase pertubation may be expressed in degrees with
any cyclic component expressed in Hertz., The instantaneous relative phase
may or may not be significant, however, for the sake of clarity it should
be assumed a phase pertubation of 36° would be taken to mean + 18° relative

to a single sine wave signal or + 36° would assume leading shifting in
phase of 36°,

2,463 PHASE DELAY (FAX)., See DELAY, PHASE (FAX).

2.46ly PHASE DISTCRTION, See DISTCRTION, DEILAY,

2,165 PHASE MODULATION, See MODULATION, PHASE.

2,466 PHASE PERTUBATION (PHASE JITTER), See FERTUBATION, PHASE.

2.467 PHASING (FAX), _'The adjustment of picture position along the
scanning line,

( § ;68 PHOTOSENSITIVE RECCRDING (FAX). See RECORDING, PHOTOSENSITIVE
FAX), '

2,169 PICTURE FREQUENCIES (FAX), See FREQUENCIES, PICTURE (FAX),

2,470 PILOT. (In a transmission system.) A signal wave, usually a
single frequency, transmitted over the system and used for either level
control, synchronization, or both.

2,471 PILOT. A signal wave, usually a single frequency transmitted
over the system for supervisory; control, synchronization or reference
purposes. Sometimes it is necessary to employ several independent pilot
frequencies. Most radio relay systems use radio or contimuity pilots of
their own but transmit also the pilot frequencies belonging to the
carrier frequency multiplex system.

2.1472 POINT, ZERO TRANSMISSION LEVEL REFERENCE, A point in a circuit
to which all relative transmission levels are referred, See also LEVEL,
RELATIVE TRANSMISSION. NOTE: The zero point may not be conveniently
available in some systems.
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2.473 POLAR DIRECT CURRENT TELEGRAPH SYSTEM, See SYSTEM, POLAR
DIRECT-CURRENT TELEGRAPH.,

2,47 POLARIZATION DIVERSITY., See DIVERSITY, POLARIZATION.

2.,75 POWER, CARRIER (PC) (RADIO TRANSMITTER). The average power
supplied to the antenna transmission line by a transmitter during one
radio frequency cycle under conditions of no modulation., This definition
does not apply to pulse modulated emissions or FSK.

2.476 POWER, EFFECTIVE RADIATED (ERP), The power supplied to the
antenna multiplied by the relative gain of the antenna in a given direc-
tion.

2,477 POWER, MEAN (PM) (RADIO TRANSMITTER). The power supplied to
the antenna transmission line by a transmitter during normal operation,
averaged over a time sufficiently long compared with the period of the
lowest frequency encountered in the modulation. A4 time of 1/10 second
during which the mean power is greatest will be selected normally.

2,478 POWER, NOISE (PN) (RADIO TRANSMITTER). The mean power supplied

to the antenna transmission line by a transmitter when loaded with white
noise huving a Gaussian amplitude distribution.

2,479 POWER, PEAK ENVELOPE (PEP) (RADIO TRANSMITTER). The power
supplied to the antenna transmission line by a transmitter during one
. radio frequency ¢rcle at the highest crest of the modulation envelope,

taken under conditions of normal operation.

2,480 POWER RATIO, NOISE, SINGLE SIDEBAND, NPR (SSB). See NOISE
POWER RATIO, SINGLE SIDEBAND, NPR (SSB).

2,481 PSOPHOMETRICAILY WEIGHTED DBM, See DBm (Psoph) and DBmOp.
2,482 PSOPHOMETRIC VOLTAGE, See VOLTAGE, PSOPHOMETRIC.
2,183 PSOPHOMETRIC WEIGHTING. See WEIGHTING, PSOPHOMETRIC.

2,48l PULSE, A signal characterized by the rise and decay in time
of a quantity whose value is normally constant.

2.,h85 PULSE, MARKING (TTY). That significant condition of a modula-

tion which results in an active selecting operation in receiving apparatus.
See MODULATION, SIGNIFICANT CONDITION OF A.

2.u86 PULSE, SPACING (TTY). That significant condition of a modula-
tion which results in a passive selecting operation in a receiving appara-
tus, See MODULATION, SIGNIFICANT CONDITION OF A,

2,487 PULSE AMPLITUDE MODULATION. See MODULATION, PULSE AMPLITUDE,

2,488 PULSE CODE MODULATION. See MODULATION, PULSE CODE.
36


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

2,489 PULSE DECAY TIME, See DECAY TIME, PULSE.

2,490 PULSE FREQUENCY MODULATION. See MODULATION, PULSE FREQUENCY.
2,491 PULSE RISE TIME. See RISE TIME, PULSE.

2,492 PULSE TIME MODULATION, See MODULATION, PULSE TIME.

2,193 PUSH-TO-TALK OPERATION, See OPERATION, PUSH-TO-TALK.

2,494 PUSH-TO-TYPE OPERATION, See OPERATION, PUSH-TO-TYPE.

2.495 Pd. (Picowatt. Equal to 10712 Watt, or = - 90 dBm.) A unit of

absolute power commonly used for both weighted and unweighted noise,
Context must be observed.

2,496 PWp (PW, PSOPHOMETRICALLY WEIGHTED). See PW and WEIGHTING,

2,497 QUADRUPLE DIVERSITY., See DIVERSITY, QUADRUPLE.

2,L98 QUANTIZATION, The process of converting the exact sample
values of a signal wave to tle ir nearest equivalent in a finite set of
discrete values to permit digital encoding.

2.499 QUANTIZING NOISE, See NOISE, QUANTIZING.

2,500 QUASI-ANALOG SIGNAL., See SIGNAL, QUASI-ANALOG,

2,501 RADIO BASEBAND RECEIVE TERMINALS, See TERMINALS, RADIC BASE-
BAND RECEIVE.

2,502 RADIO BASEBAND SEND TERMINALS, See TERMINALS, RADIO BASEBAND
SEND.

2,503 RADIO BASEBAND, See BASEBAND, RADIO.

2,504 RANDOM BINARY BIT STREAM SIGNALING, See SIGNALING, RANDOM
BINARY BIT STREAM,

.505 RATE, DATA SIG) . Refer to Appendix B, Reference Chart for
nodiditon —oteh Ho CXPLEnAbioh of Data Signaling Rates.
2,506 RATE, ERROR (BIT, BLOCK, CHARACTER, ELEMENT). The ratio of
the number of bits, elements, characters, or blocks incorrectly received
to the total mumber of bits, elements, characters, or blocks sent.

2,507 RATE, MODULATION., Reciprocal of the unit interval measured
in seconds. (This rate is expressed in baud,)

2.508 RATING, OUTPUT, See POWER,
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2,509 RECEIVER, FACSIMILE. The apparatus employed to translate
the signal from the communications channel intoc a facsimile record of
the subject copy.,

2,510 RECEIVING CONVERTER, FACSIMILE., See CONVERTER, FACSIMILE RE-
CEIVING.

2,511 RECEPTION, EXALTED CARRIER, A method of receiving either
amplitude or phase mddulated signals in which the carrier is separated
from the sidebands, filtered and amplified, and ther combined with the
sidebands again at a higher level prior to demodulation,

2,512 RECORD MEDIUM (FAX)., See MEDIWM, RECORD (FAX).
2,513 REC(RD SHEET (FAX), See SHEET, RECRD (FAX),

2,51l RECCRDED SPOT X DIMENSION (FAX), See SPOT, X DIMENSION OF
RECORDED (FAX), :

2,515 RECCRDED SPOT Y DIMENSION (FAX). See SPOT, Y DIMENSION OF
RECCRDED (FAX).

2,516 RECORDED SPOT (FAX). See SPOT, RECORDED (FAX).

| 2,517 RECORDER, FACSIMILE. That part of the facsimile receiver which
- performs the final conversion of electrical picture signal to an image
of the subject copy in the record medium.

2,518 RECORDING SPOT (FAX). See SPOT, RECCRDING (FAX),

2,519 RECCRDING (FAX), The process of converting the electrical
signal to an image on the record medium,

‘ 2,520 RECORDING, DIRECT (FAX). That type of recording in which a
visible record is produced, without subsequent processing s in response to
the received signals,

2,521 RECRDING, ELECTROMECHANICAL (FAX). Recording by means of a
signal-actuated mechanical device.

2,522 REC(RDING, ELECTROCHEMICAL (FAX). Recording by means of a
chemical reaction brought about by the passage of signal-controlled current
through the sensitized portion of the record sheet.

2,523 RECORDING, ELECTROLYTIC (FAX)., That type of electrochemical
recording in which the chemical change is made possible by the presence
of an electrolyte.

2,52, RECORDING , ELECTROSTATIC (FAX). Recording by means of a signal-
controlled electrostatic field,
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2.525 RECORDING, ELECTROTHERMAL (FAX). That type of recording which
is produced principally by signal-controlled thermal action,

2,526 RECORDING, INK VAPOR (FAX). That type of recording in which
vaporized ink particles are directly deposited upon the record sheet,

2,527 REC(RDING, PHOTOSENSITIVE (FAX). Recording by the exposure
of a photosensitive surface to a signal-controlled light beam or spot.

2,528 REDUCED OR SUPPRESSED CARRIER DOUBLE SIDEBAND TRANSMISSION,
See TRANSMISSION, SIDEBAND, DOUBLE, REDWED OR SUPFRESSED CARRIER,

2.529 REDUNDANT CODE. See CODE, REDUNDANT.
2,530 REFERENCE FREQUENCY, See FREQUENCY, REFERENCE.

2.531 REFERENCE POINT, ZERO TRANSMISSION LEVEL. See POINT, ZERO
TRANSMISSION LEVEL REFERENCE.,

2,532 REFLECTION COEFFICIENT, See COEFFICIENT, REFLECTION,

2,533 REGENERATIVE REPEATER, See REPEATER, REGENERATIVE.

2.534 RELATIVE TRANSMISSION LEVEL, See LEVEL, RELATIVE TRANSMISSION,
2,535 REMOTE CONTROL EQUIPMENT, See CONTROL EQUIPMENT, REMOTE.

2,536 REPEATER. A device which amplifies or reshapes and/or retimes
an input signal for further retransmission,

2,537 REPEATER, BROADCAST, A repeater connecting several chamnels,
one incoming and the others outgoing.

2,538 REPEATER, CONFERENCE. A repeater connecting several circuits,
vhich receives telegraph signals from any one of the circuits and auto-
matically retransmits them over all the others.

2,539 REPEATER, REGENERATIVE. A repeater in which the signals re-
transmitted are reshaped and retimed,

2,540 REPRODUCTION SPEED (FAX)., See SPEED, REFRODUCTION (FAX),

2,541 RESIDUAL ERROR-RATE, See ERR(R-RATE, RESIDUAL,

2,542 RESTITUTION (DEMODULATION), Series of significant conditions
determined by the decisions taken according to the products of the demodu-
lation process. See also DEMODULATION,

2.543 RETURN LOSS, See LOSS, RETIRN,

2.5kl RF BANDWIDTH, See BANDWIDTH, RF.
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2.545 RINGDOWN SIGNALING. See SIGNALING, RINGDOWN.

2,546 RISE TIME, PULSE, The time required for the instantaneous
amplitude to go from 108 to 90% of the peak value.

2,547 RITY., A shorthand reference to radio-teletypewriter.
2,548 SAMPLING FREQUENCY. See FREQUENCY, SAMPLING.

2.549 SCANNER (FAX), That part of the facsimile transmitter which
systematically translates the densities of the subject copy into signal-
wave form.

2,550 SCANNING (FAX). The process of analyzing successively the
densities of the subject copy according to the-elements of a predetermined
pattern, NOTE: The normal scanning is from left to right and top to
bottom of the subject copy as when reading a page of print. Reverse
direction is from right to left and top to bottom of the subject copy.

The IEEE, ASA, and WMO Standards consider the normal scanning direction
to be from left to right.

2.551 SCANNING s DIRECTION OF (FAX). At the transmitting apparatus

.. the plane (developed in the case of a drum transmitter) of the message

- surface is scanned along lines running from right to left commencing at

the top so that scanning commences at the top right-hand corner of the
surface and finishes at the bottom left-hand corner; this is equivalent

- to scanning over a right-hand helix on a drum, The orientation of the

message on the scanning pla.nse will depend upon its dimensions and is of

. no consequence.,

At the receiving apparatus scanning takes place from right to

- left and top to bottom (in the above sense) for “positive" reception and

from left to right and top to bottom (in the above sense) for "negative"

_reception, NOTE: This is the CCITT Standard for Phototelegraphic appara-

_tus., (See SCANNING (FAX))

2,552 SCANNING, ELECTRONIC LINE (FAX), That method of scanning which

provides motion of the scanning spot along the scanning line by electronic
means.

2.553 SCANNING, MULTIPLE SPOT (FAX). The methoed in which scanning

. is carried on simultaneously by two or more scanning spots, each one

analyzing its fraction of thetotal scanned area of the subject copy.

2,55 SCANNING, SIMPLE (FAX). Scanning of only one scanning spot at
a time during the scammning process,

2,555 SCANNING LINE FREQUENCY (FAX), See SPEED, STROKE (FAX).

2,556 SCANNING LINE LENGTH (FAX), See LENGTH, SCANNING LINE (FAX).
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2,557 SCANNING SPOT X DIMENSION (FAX). See SPOT, X DIMENSION OF
SCANNING (FAX), _

2,558 SCANNING SPOT Y DIMENSION (FAX), See SPOT, Y DIMENSION OF
SCANNING (FAX).

2.559 SCANNING SPOT (FAX). See SPOT, SCANNING (FAX),
2,560 SELECTIVE FADING. See Fm:m,’sm.mcnvs.
2,561 SERIAL TRANSMISSION., See TRANSMISSION, SERIAL,
2,562 SERVICE BIT. See BIT, SERVICE.

2,563 SET, CHARACTER, A "character set" as used herein is a basic
group of defined numeric, alphabetic, punctuation and special symbol
characters of one style, The term is most meaningful when accompanied
by a qualifying descriptor., For example: The graphic character set of

USASCII.
2.56ly SET, CODE, See ALPHABET, DIGITAL,

2,565 SHEET, RECORD (FAX), The medium which is used to produce a
visible image of the subject copy in record form. The record medium and
e record sheet may be identical,

2,566 SHF. Super high frequency, 3 to 30 GHz,

2,567 SIDE, LINE, That portion of a device which looks toward the
transmission path (line circuit, loop, trunk),

2:5'68 SIDE, LOCAL. That portion of a device which looks toward the
internal station facilities,

2,569 SIDEBANDS, The spectral energy distributed above and below
a carrier resulting from a modulation process.

2,570 SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND,

2,571 SIDETQNE, TELEPHONE. Telephone sidetone is the transmission
and reproduction of sounds through a local path from transmitting trans-
ducer to the receiving transducer of the same telephone set in order that
the talker may hear his voice in the receiver,

2,572 SIGNAL, ANALOG. A nominally contimuous electrical signal that
varies in some direct correlation to a signal impressed on a transducer,
The electrical signal may vary its frequency or amplitude, for instance,
in response to change in phenamena or characteristics such as sound, light,
heat, position, or pressure.

2.573 SIGNAL, DIGITAL, A nominally discontimuous electrical signal
that changes fram one state to another in discrete steps. The electrical
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signal could change its amplitude or polarity, for instance, in response
to outputs from computers, teletypewriters, etc. Analog signals may be
converted to a digital form by quantizing.

2,574 SIGNAL, FACSIMILE (PICTURE SIGNAL)., A signal resulting from
the scanning process.

2,875 SIGNAL, QUASI-ANALOG, 4 quasi-analog signal is a digital
signal, after conversion to a form suitable for transmission over a
specified analog channel. The specification of an analog channel would
include frequency range, frequency bandwidth, S/N ratio, and envelope
dalay distortion. When this form of signaling is used to convey message
traffic over dialed-up telephone systems it is often referred to as
voice-data, :

2,576 SIGNAL, START (FAX). A signal which initiates the transfer
of a facsimile equipment condition from standby to active,

2,577 SIGNAL, START RECCRD (FAX). A signal used for starting the
process of converting the: electrical signal to an image on the record
sheet,

‘ 2,578 SIGNAL, STOP (FAX)., A signal which initiates the transfer of
- a facsimile equipment condition from active to standby.

2,579 SIGNAL, STOP REC(RD (FAX), A signal used for stopping the
process of converting the electriecal signal to an image on the record
sheet,

: 20,580 SIGNAL, SYNCHRONIZING (FAX). Maintenance of predetermined
. speed relations between the scanning spot and recording spot within each
scamning line, '
2,581 SIGNAL, VOICE-DATA, See SIGNAL, QUASI-ANALOG,
2,582 SIGNAL CONTRAST (FAX)., See CONTRAST, SIGNAL (FAX),
2,583 SIGNAL CONVERTER, See CONVERTER, SIGNAL,
2,584 SIGNAL ELEMENT, See ELEMENT, SIGNAL,

c ) %‘0585 SIGNAL FREQUENCY SHIFT (FAX), See FREQUENCY SHIFT, SIGNAL
FAX), -

2,586 SIGNAL LEVEL, FACSIMILE, The maximum facsimile signal power
or voltage (rms or dc) measured at any point in a facsimile system, WNOTE:
It may be expressed in decibels with respect to some standard value such
as 1 milliwatt, '

. 2,587 SIGNAL-PLUS-NOISE TO NOISE RATIO, See NOISE RATIO, SIGNAL-
PLUS-NOISE TO. '
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2,588 SIGNAL TRANSITION. See TRANSITION, SIGNAL.

. : 2,589 SIGNALING, COMMON BATTERY., A method of actuating a line or
supervisory signal at the distant end of a telephone line by the closure
of a dc circuit.

2.590 SIGNALING, INBAND. Signaling which utilizes frequencies within
the voice or intelligence band of a channel.

2,591 SIGNALING, OUT-OF-BAND., Signaling which utilizes frequencies
within the guard band between channels or bits other than information bits
in a digital system. This term is also used to indicate the use of a portion
of the chamnel bandwidth provided by the medium such as the carrier channel,
but denied to the speech or intelligence path by filters, It results in a
reduction of the effective available bandwidth,

2,592 SIGNALING, RANDOM BINARY BIT STREAM (INTERMITTENT TIMING). The
method of communication that employs bit intermittent transmission of
signals on a unit interval basis without regard to the presence or absence
of code or alphabet. .

2,593 SIGNALING, RINGDOWN, The application of signal to the line
for the purpose of bringing in a line signal or supervisory signal at a
switchboard or ringing a user's instrument. (Historically, this was a
low frequency signal of about 20 Hz from the user on the line for calling
the operator or for disconnect, )

. 2,59 SIGNALING, FREQUENCY CHANGE. A signaling method in which one
or more particular frequencies correspond to each desired signaling
condition of a code. The transition from one set of frequencies to the
other may be either a continuous or a discontinuous change in frequency
or in phase,

2.595 SIGNALING, FREQUENCY EXCHANGE (TWO-SOURCE FREQUENCY KEYING).
A frequency change signaling method in which the change from one signaling
condition to another is accompanied by decay in amplitude of one or more
frequencies and by buildup in amplitude of one or more other frequencies,
2.596 SIGNALING, FREQUENCY SHIFT. See KEYING, FREQUENCY SHIFT.

2,597 SIGNIFICANT CONDITION OF A MODULATION. See MODULATION, SIG-
NIFICANT CONDITION OF,

2.598 SIGNIFICANT INSTANTS, See INSTANTS, SIGNIFICANT,
2,599 SIGNIFICANT INTERVAL, See INTERVAL, SIGNIFICANT,
2,600 SIMPLE SCANNING (FAX). See SCANNING, SIMPLE (FAX),
2,601 SIMPLEX CIRCUIT, See CIRCUIT, SIMPLEX,

2,602 SIMPLEX OPERATION, See OPERATION, SIMPLEX,
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2,603 SIMPLEXED CIRCUIT. See CIRCUIT, SIMPLEXED,
2,604 SINGING MARGIN. See MARGIN, SINGING,
2,605 SINGLE CURRENT TRANSMISSION, See TRANSMISSION, SINGLE-CURRENT,

2,606 SINGLE SIDEBAND EQUIPMENT REFERENCE LEVEL, See LEVEL, SINGLE
SIDEBAND EQUIPMENT REFERENCE.

2,607 SINGLE SIDEBAND TRANSMISSION, See TRANSMISSION, SIDEBAND,
SINGLE,

2,608 SINGLE~HARMONIC DISTCRTION., See DISTORTION, SINGLE-HARMONIC,

2,609 SINK, COMMUNICATIONS, A device which receives information,
control or other signals from communications source(s).

2,610 SINK, DATA. The equipment which accepts data signals after
transmission,

2,611 SKEW (FAX). The deviation of the received frame from rectan-
gularity due to asynchronism between scamer and recorder, Skew is ex-
pressed mumerically as the tangent of the angle of this deviation.

2,612 SOUND-POWERED TELEPHONE, See TELEPHONE, SOUND-POWERED,

2,613 SOURCE, COMMUNICATIONS, A device which generates information,
control, or other signals destined for communications sink(s).

2,61l SOURCE, DATA, The equipment which supplies data signals to be
transmitted.

2,615 SPACE DIVERSITY. See DIVERSITY, SPACE,
2,616 SPACING PULSE. See PULSE, SPACING (TTY).

2,617 SPECTRUM DESIGNATION OF FREQUENCY. See FREQUENCY, SPECTRUM
DESIGNATION OF,

2,618 SPEECH-PLUS-DUPLEX OPERATION., See (OPERATION, SPEECH-PLUS-
DUPLEX ,

2,619 SPEED, DRWM (FAX), The angular speed of the transmitter or
recorder drum, NOTE: This speed is measured in revolutions per mimmte.

2,620 SPEED, REPRODUCTION (FAX), The area of copy recorded per
unit time, '

2.621 SPEED, SPOT (FAX), The speed of the scanning or recarding spot

within the available line, NOTE: This is generally measured on the
“subject copy or on the record sheet,
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2,622 SPEED, STROKE (FAX). (SCANNING OR RECORDING LINE FREQUENCY.)
The number of times per minute, unless otherwise stated, tlrt a fixed
line perpendicular to the direction of scanning is crossed in one direc-
tion by a scanning or recording spot. NOTE: In most conventional
mechanical systems this is equivalent to drum speed. In systems in which
the picture signal is used while scanning in both directions, the stroke
speed is twice the above figure,

2,623 SPOT, RECORDED (FAX). The image of the recording spot on the
record sheet,

2.62l4 SPOT, RECORDING (FAX). The image area formed at the record
medium by the facsimile recorder.

2.625 SPOT, SCANNING (FAX) The area on the subject copy viewed
instantaneously by the pickup system of the scanner,

2,626 SPOT, X DIMENSION OF SCANNING (FAX). The effective scanning
spot dimension measured in the direction of the scanning line on the
subject copy. NOTE: The mumerical value of this will depend upon the
type of system used.

2,627 SPOT, X DIMENSION OF RECORDED (FAX). The effective recorded
spot dimension measured in the direction of the recorded line. NOTE 1:
By effective dimension is meant the largest center-to-center spacing be-
tween recorded spots which gives minimum peak-to-peak variation of den-
sity of the recorded line.- NOTE 2: This term applies to that type of
equipment which responds to a constant density in the subject copy by a
succession of discrete recorded spots.

2,628 SPOT, Y DIMENSION OF SCANNING (FAX)., The effective scanning
spot dimension measured perpendicularly to the scanning line on the sub-
ject copy. NOTE: The numerical value of this will depend upon the type
of system used.

2.629 SPOT, Y DIMENSION OF, RECORDED (FAX), The effective recorded
spot dimension measured perpendicularly to the recorded line. NOTE: By
effective dimension is meant the largest center-to-center distance be-
tween recorded lines which gives minimum peak-to-peak variation of
density across the recorded lines.

2,630 SPOT SPEED (FAX). See SPEED, SPOT (FAX).

2,631 STAGGER (FAX)., Periodic error in the position of the recorded
spot along the recorded line,

2.632 STANDARDS., See STANDARDS, SYSTEM,

2,633 STANDARDS, SYSTEM., a. The minimum required electrical per-
formance characteristics of communication circuits which are based on
measured performance of developed circuits under the various operating
conditions for which the circuits were designed.
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b. The specified characteristics not dictated by electrical per-
formance requirements but necessary in order to permit interoperation,
(For example, the values for center frequencies for telegraph channels,
test tone, etc.) See also OBJECTIVE, DESIGN.

2,63y STANDARD TEST’TONE,, See TONE, STANDARD TEST.

2,635 START-STOP TTY DISTORTION. See DISTCRTION, START-STOP TTY.
2,636 START RECORD SIGNAL (FAX), See SIGNAL, START RECORD (FAX).
2,637 START SIGNAL (FAX)., See SIGNAL, START (FAX).

2,638 STOP RECCRD SIGNAL (FAX)., See SIGNAL, STOP RECORD (FAX).
2,639 STOP SIGNAL (FAX)., See SIGNAL, STOP (FAX),

2,640 STCRE-AND-FORWARD, See SWITCHING, MESSAGE,

2.6l STROKE SPEED (FAX), See SPEED, STROKE (FAX).

2,642 SUBCARRIER, A carrier which is applied as modulation on another
carrier, or on an intermediate subcarrier. See also CARRIER. .

2,643 SUBJECT COPY (FAX). See COPY, SUBJECT (FAX).

2.6l SWITCHING, CIRCUIT. The term applied to the method of handling
traffic through a switching center, either from local users, or from other
switching centers, whereby a distant electrical connection is established

- between the calling and called stations, :

2,645 SWITCHING, MESSAGE, The term applied to any indirect or store-
and-forward (S/F) traffic through a switching center, either from local
users or from other switching centers. Message switching, or store-and-
forward, is the technique whereby messages are transmitted link by link
through the commmication network of switching centers.

2,646 SWITCHING CENTER, See CENTER, SWITCHING.

2,647 SYNCHRONIZING (FAX). The maintenance of predetermined speed
relations between the scamning spot and the recording spot within each
scanning line,

2,648 SYNCHRONIZING SIGNAL (FAX). See SIGNAL, SYNCHRONIZING (FAX),

2,649 SYNCHRONOUS, See SYSTEM, SYNCHRONOUS and TRANSMISSION,
SYNCHRONOUS .

2,650 SYNCHRONOUS SYSTEM. See SYSTEM, SYNCHRONOUS,

2,651 SYNCHRONGUS TRANSMISSION, See TRANSMISSION, SYNCHRONOUS.
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2,652 SYSTEM, ARQ. See SYSTEM, ERRCR-DETECTING AND FEEDBACK.
2.653 SYSTEM, DUFLEX., See CIRCUIT, DUFLEX,

2,65 SYSTEM, ERR(R DETECTING. A system employing an error-detecting
code and so arranged that any signal detected as being in error is -

a. Either deleted from the data delivered to the data sink, in
some cases with an indication that such deletion has taken place;

b. Or delivered to the data sink together with an indication
that it has been detected as being in error.

2,655 SYSTEM, ERROR~-CORRECTING., A system employing an error-correct-
ing code and so arranged that some or all signals detected as being in
error are automatically corrected at the receiving terminal before de-
livery to the data sink or to the telegraph receiver.

2,656 SYSTEM, ERROR-DETECTING AND FEEDBACK (DECISION FEEDBACK SYSTEM,
REQUEST REPEAT SYSTEM, ARQ SYSTEM)., A system employing an error-detecting
code and so arranged that a signal detected as being in error automati-
cally initiates a request for retransmission of the signal detected as
being in error.

2.657 SYSTEM, NEUTRAL DIRECT-CURRENT TELEGRAPH (SINGLE-CURRENT SYSTEM,
SINGLE MORSE SYSTEM). A neutral direct-current telegraph system is a
telegraph system employing current during marking intervals and zero
current during spacing intervals for transmission of signals over the line,

2,658 SYSTEM, POLAR DIRECT-CURRENT TELEGRAPH. A polar direct-current
telegraph system is one which employs positive and negative currents for
transmission of signals over the line,

2,659 SYSTEM, SINCHRONOUS, A system in which the sending and re-
ceiving instruments are operating continuously at substantially the same
frequency and are maintained, by means of correction if necessary, in a
desired phase relationship,

2,660 SYSTEM STANDARDS, See STANDARDS, SYSTEM,

2.661 TAILING (HANGOVER) (FAX), The excessive prolongation of the
decay of the signal.

2,662 TALKER, MEAN VOLUME. The mean-volume-talker is one represented
by the mean volume of a group of talkers measured at a given location. It
is the value in an ordered set of values below and above which there are
an equal number of values.

2,663 TALKER, MEDIUM POWER., The medium-power-talker of a log normal

distribution is that value of talker volumes which lies at the medium
power of all talkers determining the volume distribution at the point of
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interest. When the distribution follows a log-normal curve (values ex-
pressed in dB) the mean and standard deviation can be used to compute the
medium-power-talker, The, talker volume distribution follows a log normal
curve and the medium-power-talker is uniquely determined by the average
talker volume and the standard deviation as given in the following
equation:

Vavpu
Where -{'.o is the average of the talker volume distribution, V vpW is the
volume corresponding to the average-power-talker expressed ?n vu and ¢
is the standard deviation of the distribution.

- 2
= vO + 001150' u

2,664 TALKER VOLUME DISTRIBUTION, MEAN POWER OF THE, The mean power
of the talker volume distribution is the mean-power-talker volume less
a conversion factor to convert from vu to dBm, NOTE: The factor is

taken as 3,9 4B by same authorities and l.h dB by others., This standard uses
2.9 dB as the conversion factor.

2,665 TELECOMMUNICATIONS, Any transmission, emission, or reception
of signs, signals, writings, images and sounds or information of any
nature by wire, radio, visual, or other electromagnetic means.

2,666 TELEGRAPH; TWO-TONE, See KEYING, TWO-TONE,

2,667 TELEGRAPH COMMUNICATION EFFICIENCY, See EFFICIENCY, TELEGRATH
COMMUNICATION.

2,668 TELEPHONE , ELECTRICALLY-PONJERED, -A'telephoné in which the
operating power is obtained either from batteries located at the telephone
(local battery) or from a telephone central office (common battery).

2,669 TELEPHONE, SOUND-POWERED, A telephone in which the operating
power is derived from the speech input only.

2,570 TELEPHONE SIDETONE. See SIDETONE, TELEPHONE.

2,671 TELETYPEARITER SIGNAL DISTCGRTION. See DISTORTION, START-STOP
TTY,

2.672 TERMINAL, DATA., Equipment employed at the end of a trans-
mission circuit for the transmission and reception of data. It may
include end instruments or signal converters or both.

2,673 TERMINALS, MULTIPLEX BASEBAND RECEIVE., The point in the base-
band circuit nearest the multiplex equipment from which connection is

normally made to the radioc baseband receive terminals or intermediate
facility.

2,674 - TERMINALS, MULTIPLEX BASEBAND SEND, The point in the baseband
circuit nearest the multiplex equipment from which comnection is normally
made to i_,jthe radio baseband send terminals or intermediate facility.
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2.675 TERMINALS, RADIO BASEBAND RECEIVE, The point in the baseband
circuit nearest the radio receiver fram which connection is normally made
to the multiplex baseband receive terminals or intermediate facility.

2,676 TERMINALS, RADIO BASEBAND SEND, The point in the baseband
circuit nearest the radio transmitter from which connection is normally
made to the multiplex baseband send terminal or intermediate facility.

2,677 TERMINAL IMPEDANCE, See IMPEDANCE, TERMINAL,
2,678 THZ, THz, TeraHertz, 10 to power of 12, Hertz.
2.679 TIME, FALL, See DECAY TIME, PULSE.

2,680 TIME DIVISION MULTIPLEX (TDM). See MULTIPLEX, TIME DIVISION
~ (TDM). 4

2,681 TIME GUARD BAND, See BAND, TIME GUARD,

2,682 TONE, STANDARD TEST. For use at the 600 Ohms audio portions
of a circuit; shall be one mW (O dBmn) with a frequency of 1000 Hz and
shall be applied at a zero transmission level reference point. NOTE: The
Standard Test Tone in CCITT recommendations is 800 Hz.

2,683 TOTAL HARMONIC DISTORTION, See DISTCRTION, TOTAL HARMONIC,

2,68l TRANSFER, INFORMATION, (USER) The final result of a data
transmission from a data source to a data sink, The information transfer
rate may or may not be equal to the transmission modulation rate.

2,685 TRANSITION, SIGNAL, The change from one signaling condition
tc another; for example, the change from mark to space or from space to
mark. See also PULSE, MARKING, TELETYPEWRITER.

2,686 TRANSLATION, ALPHABET, That process whereby the meaning in a
particular bit structure in a particular code is cveyed to one or more
different alphabets in the same or different code.

2,687 TRANSMISSION, ASYNCHRONOUS, A transmission process such that
between any two significant instants in the same group,# there is always
an integral number of unit intervals. Between two significant instants
located in different groups, there is not always an integral mumber of
unit intervals. #In data transmission this group is a block or a char-
acter., In telegraphy this group is a character.

2,688 TRANSMISSION, BITERNARY. A method of digital transmission in
which two binary pulse trains are combined for transmission over a system
in which tle available bandwidth is only sufficient for transmission of
one of the two pulse trains when in binary form. The biternary signal is
generated from two synchronous binary signals, operating at the same bit
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rate, The two binary signals are adjusted in time to have a relative time
difference of cne-half the binary interval and are combined by linear
addition to form the biternary signal. Each biternary signal element can
assume any one of three possible states, i.e., +1, O, or -1, Each biter-
nary signaling element contains information on the state of the two bi-
nary signaling elements as defined in the following truth table:

EL B2  Biternary

0 0 -1
0 1 0
X 0 0
1 1 +1

The method of addition of Bl and B2 as described above does not permit
the biternary signal to change from -1 to +1 or +1 to -1 without an inter-
mediate biternary signal of O, Since there is half a unit interval time
difference between the binary signals Bl and B2 only one of them can
change its state during the biternary unit interval., This makes it
possible in the decoding process to ascertain the state of the binary
signal that has not changed its state and thus avoid ambiguity in decoding
a biternary signal of O.

2,689 TRANSMISSION, BLACK FACSIMILE. In an amplitude-modulation
system, that form of transmission in which the maximum transmitted power
corresponds to the maximum density of . the subject copy. In a frequency-
modulation system, that form of tranamission in which the lowest trans-
mitted frequency corresponds to the maximum density of the subject copy.

2,690 TRANSMISSION, DOUBLE-CURRENT (POLAR DIRECT-CURRENT SYSTEM ),
A form of binary telegraph transmission in which positive and negative
direct currents denote the significant conditions,

2,691 TRANSMISSION, PARALLEL, The simultaneous transmission of a
certain number of signal elements. .

Bxample A: Use of a code according to which each signal element
is characterized by a combination of 3 out of 12 frequencies 51m11taneously
transmitted over the chamnnel.

Example B: Use of a separate wire oi' circuit for each signal ele-
ment of a character, or word, so that the signal elements of 2 character,
or word, are simultaneously transmitted.

2,692 TRANSMISSION, SERIAL (SEQUENTIAL TRANSMISSION), Transmission
at successive intervals of signal elements constituting a data or tele-
graph signal, NOTE: The sequential elements may be transmitted with or
without interruption, provided that they are not transmitted simultaneously,

2,693 TRANSMISSION, SIDEBAND, When a carrier frequency is modulated

by a modulating signal, the band of frequencies produced on either side of
the carrier frequency include components whose frequencies are,
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respectively the sum or difference of the carrier and the modulating
frequencies. The sum frequencies form the '"upper sideband," and the
difference frequencies form the "lower sideband.,® Several forms of side-
band transmission are also defined.

2,694 TRANSMISSION, SIDEBAND, COMPATIBLE. That method of trans-
mission in which the carrier is deliberately reinserted at a lower level
after its normal suppression to permit reception by conventional ampli-
tude modulation receivers. This method of transmission is often referred
to as Compatible SSB or Amplitude ulation Equivalent (AME). The normal
method of transmitting compatible SSB or AME is the carrier plus upper-sideband,
2.695 TRANSMISSION, SIDEBAND, DOUBLE. In double sideband transmission
both the upper and lower sidebands and the carrier are transmitted without
reduction or suppression,

: 2,696 TRANSMISSION, 'SIDEBAND, DOUBLE, REDUCED (R SUPPRESSED CARRIER,
That method of double sideband transmission in which the carrier may be
reduced or suppressed. '

2,697 TRANSMISSION, SIDEBAND, INDEPENDENT. In independent sideband
transmission the modulation products in the upper and lower sidebands
‘are not related to each other, but represent two or more separate sets
of modulating signals. The carrier frequency may be either transmitted
fully, reduced or suppressed,

2.698 TRANSMISSION, SIDEBAND, SINGLE. In single sideband transmission
only one of the sidebands are transmitted. The other sideband is sup-
pressed to the maximm extent possible. The carrier may be transmitted
fully, reduced or suppressed,

2,699 TRANSMISSION, SIDEBAND, VESTIGIAL, In vestigial sideband trans-
mission, partial transmission of one sideband (the "vestigial sideband")
in the neighborhood of the carrier is exactly compensated by partial sup-
pression of the corresponding part of the other sideband (the "transmitted
sideband"), The carrier may be transmitted fully or reduced, or it may be
suppressed. -

A 2,700 TRANSMISSION, SINGLE~CURRENT (NEUTRAL DIRECT-CURRENT SYSTEM),
A form of telegraph transmission effected by means of undirectional
currents,

2,701 TRANSMISSION, SYNCHRONOUS. A transmission process such that
between any two significant instants in the overall stream, there is
always an integral number of unit intervals,

2,702 TRANSMISSION, WHITE (FAX). In an amplitude-modulation system,
that form of transmission in which the maximum transmitted power corres-
- ponds to the minimum density of the subject copy. In a frequency-modula-
- tion system, that form of transmission in which the lowest transmitted
frequency corresponds to the minimum density of the subject copy.
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‘ 2,703 TRANSMITTER, FACSIMILE, Tha apparatus employed to translate
the subject copy into signals suitable for delivery to the communication
system.

2,70l TRANSMITTING GONVERTER,' FACSIMILE, See CCNVERTER, TRANSMTITING,
FACSIMILE,

2,705 TRANSPOSITION (DATA OR TELEGRAPH TRANSMISSION)., A transmission
defect in which, during one character period, one or more signal elements
are changed from one significant condition to the other, and an equal
mmber of elements are changed in the opposite sense,

2,706 TRUNK. 4 single circuit between two points, both of which are
switching centers and/or individual distribution points.

2,707 TRUNK GROUP. See GROUP, TRUNK.

2,708 TTY. A shorthand reference to teletypewriter.

2,709 TWO-TONE KEYING, See KEYING, TWO-TONE,

2,710 TWO:TONE TELEGRAPH, See KEYING, ‘Tm'-TONE.

2.711 TWO-WIRE CIRCUIT. See CIRCUIT, TWO-WIRE,

2,712 UHF, Ultra high frequency, 300 to 3000 MHz,

2,713 UNBALANCED WIRE CIRCUIT, See CIRCUIT, UNBALANCED WIRE.
2,71 UNIDIRECTIONAL OPERATION, See OPERATICN, UNIDIRECTIONAL.
2,715 UNIT INTERVAL, See INTERVAL, UNIT,

2,716 USEFUL LINE (FAX), See LINE, AVATLABLE (FAx).

2,717 USER'S LINE, See LOCE, LINE.

2,718 VESTIGIAL SIDEBAND TRANSMISSION., See TRANSMISSION, SIDEBAND,
VESTIGIAL, '

2,719 VHF, Very high frequency, 30 to 300 HHz,
2,720 VIF., Very low frequency, 3 to 30 kiHz,
2,721 VOICE-DATA SIGNAL, See SIGNAL, QUASI-ANALOG.

2,722 VOLTAGE, PSOPHOMETRIC (PSOPHOMETRIC P.D,). Circuit noise volt-
age measured in a line with Psophometer which includes a CCIF-1951 weight-
ing network. See NOISE WEIGHTING. NOTE: 1. Do not confuse with pso-
phometric emf, conceived of as the emf in a generator (or line) with 600
ohms internal resistance, amd hence, for practical purposes, numerically
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double the corresponding psophometric voltage. 2. Psophometric voltage
readings are commonly converted to dBm (psoph) by the relation:

dBm (psoph) +20 logyy V - 57.78 (V in psophometric millivolts),

2.723 VU, VOLUME UNIT, The unit of measurement for electrical
speech power in cammunication work as measured by a vu meter in the pre-
scribed manner. The vu meter is a volume indicator in accordance with
American Standards Association ¢ 16.5-1942., It has a dB scale and speci-
fied dynamic and other characteristics in order to obtain correlated -
readings of speech power necessitated by the rapid fluctuation in level
of voice currents. Zero wvu equals zero dBm in measurement of sine wave
test tone power.

2.724 VU CONVERSION FACT(R FROM VOLUWME UNITS TO POWER IN dBm. To
convert the volume of analog signal from volume units (vu) to dBm, 3.9 dB
must be subtracted fram the volume reading to obtain dBm, i.e., Ovu = -3,9
dBm, _

2.725 WEIGHTING, L44-LINE. A noise weighting used in a noise measur-
ing set to measure noise on a line that would be terminated by an
instrument with No., llilj-receiver, or a similar instrument., The meter
scale readings are in dBrn (144-line).

2,726 WEIGHTING, 1l4li-RECEIVER, A noise weighting used in a noise
measuring set to measure noise across the receiver of an instrument equip-
ped with No., 1y receiver. The meter scale readings are in dBrn (1h4k-
receiver), NOTE: This type of subset, deskstand with hand receiver, is
obsolete, :

2.727 WEIGHTING, C-MESSAGE. A noise weighting used in a noise
measuring set to measure noise on a line that would be terminated by a
500 type or similar instrument, The meter scale readings are in dBrn
(C-message ).

2.728 WEIGHTING, F1A-LINE. A noise weighting used in a noise measur-
ing set to measure noise on a line that would be terminated by a 302 type
or similar instrument., The meter scale readings are in dBa (F1l4),

2,729 WEIGHTING, FIAT. A noise measuring set amplitude-frequency
characteristic which is flat over a specified frequency range, which must
be stated. Flat noise power may be expressed in dBrn (f=f5), or in
dBn (fl"-fz)' The terms 3 kc flat weighting and 15 kc flat weighting
are also used for characteristics flat from 30 Hz to the upper frequency
indicated.

2,730 WEIGHTING, HA1-RECEIVER, A noise ﬁeighting used in a noise
measuring set to measure noise across the HAl-receiver of a 302 type or
similar instrument. The meter scale readings in dBa (HAl).

2,731 WEIGHTING, NOISE., In a measuring set designed to measure cir-
cuit noise a specific amplitude-frequency characteristic or noise weighting
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characteristic is included ‘o respond to amplitude and frequency of an
interference voltage and permit the measuring set to give numerical read-
ings which approximate the interfering effects to an average listener
using a particular class of telephone instrument and receiver. Noise
weighting measurements are made on lines terminated either by the measur-
ing set or the class of instrument, NOTE: The noise weightings gener-
ally used were established by agencies concerned with public telephone
service, and are based on characteristics of specific commercial tele-
phone instruments, representing successive stages of technological deve-
lopment. The coding of commercial apparatus appears in the nomenclature
of certain weightings, The same weighting nomenclature and units are
used in military versions of commercial noise measuring sets. For
weighting curves see APPENDIX B,

2,732 WEIGHTING, PSOPHOMETRIC. A noise weighting established by the
International Consultative Coamittee for Telephony (CCIF, now CCITT),
designated as CCIF-1951 weighting, for use in a noise measuring set or
Psophometer. The shape of this characteristic is virtually identical to
that of FlA weighting. The psophometer is, however, calibrated with a
tone of 800 Hz, O dBm, so that the corresponding voltage across 600 ohms
produces a reading called 0,775 volt. This introduces a 1 dB adjustment
in the formulas for conversion with dBa, See DBM, PSOPHOMETRICALLY
WEIGHTED,

2.733 WHITE TRANSMISSION (FAX), See TRANSMISSION, WHITE (FAX).

2,734 ‘WIRE, ORDER. (Also called Service Wire, Engineering Circuit,
or Speaker Circuit.) A circuit for use by maintenance personnel for com-
mmigation ‘incident to lineup and maintenance of communication facilities,

2,735 WORD (TELEGRAPH), By definition a telegraph word shall consist
of six character intervals when computing traffic capacity in words per
minute. - \ ' E :

wpm = Mod rate X 10
Units per character interval

2,736 WORD, COMPUTER, In computing, a sequence of bits or characters
-which occupies one storage location and are treated by the computer cir-
cuits as a unit and transferred as such.

2,737 ZERO TRANSMISSION LEVEL REFERENCE POINT., See POINT, ZERO
TRANSMISSION LEVEL REFERENCE,
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3. OVERALL TACTICAL SYSTEM PLAN

3,1 General. The standards contained in this document are applicable
to communications systems used primarily by tactical military forces for
support of their military operations. Normally these communication systems
are installed and operated by tactical military persomnel, They include
types of systems that range fram tactical radio nets to large transportable
communication complexes and fixed station installations., The standards may
in some cases not be applicable to highly specialized systems with unique
requirements. Such systems should, however, follow these standards at any
interface with other tactical systems, ,

3.,L.1 Scope. The conditions under which tactical equipment will ope-
rate are subject to wide variability., This may include communications for
highly maneuverable forces as well as relatively stable tactical installa-
'bionS. . ' ) ’ )

In general, for highly maneuverable tactical forces, little historical
data on tle desired circuit path characteristics is available, and it is
not known beforehand precisely what sites, distances, terrain, etc., will
be encountered. Thus, no particular system configuration may be specified.
Instead, emphasis is placed on weight, size, portability, ruggedness, quick
installation time, vehicular installation, ability to operate at extremes
of ambient temperature and humidity, and power drain within the capability
of mobile motor-generator sets. Furthermore, human engineering is an
extremely important aspect of equipment design to compensate for minimal
technical training on the part of users or operators.

On the other hand, where relatively stable tactical installations are
involved, the constraints on equipment design due to mobility requirements
can be relaxed to same extent. In general, however, the equipment imstal-
lations are required to be air transportable, More time is usually avail-
able for installation and frequent relocation is not usually required.
These installations are able to employ larger antenna sizes, more power
and frequently have available to them a reliable source of primary ac
power, Human engineering of equipment design is an important requirement.

3.1.2 Interconnection of Global and Tactical Systems. Tactical systems
that have interconnections with global systems shall follow the interface
standards referenced in Section 8 of this standard,

3.2 General Description of Tactical Systems,
3.,2,1 Types of Traffic., The tactical military communication system

shall provide communications service in every essential functional area:
comand and control, logistics, intelligence, weather, and administration.

- Traffic in the system may be in the form of voice, graphics, teletype-

writer, and data, and may be transmitted either as analog signals or as
digital signals., The system shall accept traffic from and deliver to indi-
vidual user stations and other systems.
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3.2.2 Network. An electrical communication network consists of a L
number of user stations equipped with various end instruments intercon- .
nected by transmission facilities which may be carried through one or
more nodes or centers where such functions as switching, processing,
service supervision and technical control may be provided., The transmis-
sion system consists of all the transmission circuits between user stations
and nodes, and between nodes. It may make use of any means of electrical
signaling over metallic or radio media. Extensive use is made of multi-
plexing to obtain various numbers of channels by providing parallel,
simultaneous paths of various bandwidths, or by successively assigning the
entire bandwidth of a facility to each of a number of channels in rapid
time sequence to give the effect of parallel continuous channels. Trans-
mission circuits may be used in a variety of ways, and may be considered
with respect to their functions, the signal modes handled, kind of multi-
plexing used, and the type of transmission medium over which they are
provided. .

3.2.3 PFunctions of Transmission Circuits. A transmission circuit may
be classified as a loop (or a line), a trunk, or a link, depending on the
function it performs in the system. See definitions for CIRCUIT, LOCP,
TRUNK, and LINK,

. 3.2, Signal Modes, A transmission circuit can be classified by the
~ mode: of signal it is designed to handle, Accepted signals may be contin-
uous or discrete signals (frequently called "analog" and "digital" signals
respectively). In general, the transmission requirements for these two

signal modes vary widely,

3.2.1,1 Analog Signals., Transmission circuits for analog signals .
must be able to transmit, with acceptable fidelity, signals that may take
any value within specified ranges of amplitude, frequency and phase. They
cannot be provided with signal regeneration, since there is no physical
way to distinguish the desired signal from noise and distortion at inter-
mediate or receiving points. However, its amplitude may be restored by
amplification,

3.2.t.2 Digital Signals. Transmission circuits for digital signals
are only required to transmit signals constrained to two or more defined
and discrete states., For example, a binary digital link can only handle
signals which alternate between two states, such as marking and spacing,
1 and O, on and off, etc, The signal which is transmitted between transi-
tions from one state to another is a "signal element." In a binary system
a signal element represents one bit, that is, either 1 or 0. In a quater-
nary digital system, four discrete states may be transmitted, therefore,
each signal element represents two bits. That is, for the first and
second of a pair of adjacent bits in the input, the four available signals
are assigned values of 1, 1; 1, O; O, 1; and 0,0, Due to the discrete
nature of signals, digital circuits can be provided with signal regenera-
tion, because, in general, the receiving device selects the output state
which most closely corresponds with the signal state received, If, in
addition, the digital signal conforms to a known timing pattern, the
received signal may also be retimed.
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3.,2.1.3 Quasi-analog Signals, Because an analog circuit, within its
amplitude, frequency and phase limits, imposes no limitations on the
signals which it can handle, it can be the medium for the transmission of
digital signals if they are converted into a form which meets its quali-
fications., Therefore, a signal may be designed to transmit digital signals
over an analog circuit, by choosing a suitable frequency, modulation
principle, and power level appropriate to the characteristics of the medium
providing the analog circuit., For example, physical wire circuits working
at audio frequency throughout, will allow almost any modulation principle.
to be used. Analog circuits provided over frequency division systems with
independent carrier generation may suffer audio frequency displacement; the
modulation scheme for the quasi-analog equipment must allow for this., Some
radio transmission systems suffer mulitipath effects which may persist for a
number of milliseconds; in such cases, signal element durations longer than
the multipath delays offer one method of coping with the problem, and this
may, in turn, require transmission on a number of parallel frequency
channels,

An important consideration in the use of quasi-analog signal trans-
mis sion is that as long as digital signals remain in the quasi-analog form,
no full regeneration (retiming and reshaping) can be performed on them.
Should regeneration be required the signal is usually demodulated and
restored to digital form, Also, all the anomalies of the analog media such
as thermal, impulse, and fading-connected noise, jitter due to envelope
delay distortion, frequency bandwidth cutting, and level variations, tend
to accumulate along the circuit, Over a sufficiently long analog circuit,
these effects may cause the receiving device to make a large number of
errors.

3.2.5 Multiplexing Systems. Transmission links may be provided by
nommultiplexed facilities, by frequency division multiplexing systems,
and by time division multiplexing systems, Each method has distinctive
characteristics affecting the objectives and use of circuits so derived.

3.2.5.1 Nonmultiplexed Circuits. Multi-pair cables provide parallel
pairs for simultaneous transmission of signals along the route,

3.2.,5.2 Frequency Division Multipiexing Systems. Frequency division
multiplexing is a method of deriving two or more simultaneous, continuous

of the available frequency spectrum to the several individual channels,

which provides message quality telephone circuits occupying adjacent l kHz
slots in wideband media, both metallic and radio, and provides an effective
bandwidth from about 300 to 3500 Hz, The procedures for placing many
telephone channels in adjacent positions in multiplex basebands extending
as high as 8 to 12 MHz have become highly standardized, and the practices
for utilizing the available spectrum, which are followed by the North
American companies and those recommended by the CCITT and CCIR, follow
similar principles.

. Military practice is characterized by a great use of modular principles,
resulting from the relatively high cost of electric wave filters which
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provide the separation between channels and groups of channels. Common
practice is to assemble twelve voice channels by modulation processes in .
the basic group frequency band 60 kHz to 108 kHz, where they appear as
lower 31debands of twelve carrier frequencies, " This group is the basic
building block of larger systems., Five such groups are assembled by fur-
ther modulation processes to adjacent positions in the basic super-group
frequency band, 312 to 552 kHz. Large systems extend this principle by
further higher order groupings, such as master-groups and supermaster-
groups, to provide a current maximum of 2700 voice channels in a nominal
12 MHz band,

3:2.5,3 Time Division Multiplexing Systems. A time division multi-
plexing system is a method of deriving two or more apparently simultaneous
channels from a given frequency spectrum of a transmission medium connec-
ting two points by assigning the entire spectrum to the different channels
at different times (usually at regular intervals and by automatic distri-
bution). In general, time division multiplex systems use pulse trans-
mission, The multiplex pulse train may be considered to be the inter-
"leaved pulse trains of the individual channels, The individual channel
pulses may be modulated elther in an andalog or a digital manner,

302,5.3.1 TDM Systems with Analog Modulation, The stream of pulses

. representing a given channel may be modulated to carry analog information
" by changing ‘a selected parameter of each pulse over a continuous range of
values within specified limits. The pulse rate must be adequate to pre-
serve all of the analog information. This i1s achieved by using a sampling
- rate at least twice as high as the highest frequency in the analog base-
band, The selected parameter may be pulse amplitude, duration, or timing,
+ In pulse amplitude modulation (PAM) the amplitude is varied in an analog
manner while the duration and timing are constant; in pulse duration
modulation (PDM) the amplitude and timing remain constant while the dura-
“tion varies according to the sampling infomation; in pulse position
modulation (PPM) the amplitude and duration of pulses are constant, while
. the relative time of arrival of each pulse with respect to a nominal time
; is varied. Transmissions with analog pulse modulation are not digital;
that is; they cannot be regenerated since the receiver has no way to dis-
tinguish the desired signal modulation from the effects of distortion and
noise, although the unmodulated characteristics of pulses can be restored.
An analog TIM system can handle both analog signals and quasi-analog
signals, the latter representing digital data,

: '3,25503;2 TDM Systems with Digital Modulation, In a time division

- multiplex system with digital modulation, a selected parameter of each

- pulse is varied in a digital manner. That is, each pulse is constrained
to assume one state out of a set of two or more defined and discrete
states, OSuch a signal may be regenerated because the receiving device can
be designed so that it is limited to assume a set of output states which
correspond to the states of the transmission signal. If noise or distor-
tion, or both, cause the receiver to select an erroneous output state, the
analog causeS‘of the digital error are liquidated; the error is 'clean",
Therefore, the noise and distortion do not have cumulative effects as such;
only the errors add up, The same parameters used in analog pulse modula-
tion may also be used for digital modulation., The amplitude may be varied
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in steps (this includes reversal in polarity or phase), the duration may
be varied in steps, or the pulse position may be discretely varied. In

. radio systems, pulses are represented by groups of carrier frequency

‘oscillations; in metallic systems, either carrier or "direct current!
pulses may be used,

Digital information transmitted over the TUM system on an element for
element basis requires either that the contributing individual channels
be held in bit synchronism with the TDM system or that some form of buffering
be employed. Analog information may be transmitted over a digital system if
it is first placed in digital form. This requires that the analog values be
quantized and coded, In pulse code modulation (PCM) the designation of the
quantum level is generally expressed in binary code. Since the stairstep
nature of a quantized signal prevents it from perfectly representing 2 amooth
wave, quantizing error or distortion is produced, This is minimized by adopt-
ing a relatively large nmumber of quantizing levels, Differential PCM and delta
modulation operate on similar principles except that the digital code trans-
mitted is based on the change from the preceding sampling time rather than the
total amplitude value. Speech transmitted in coded digital farm does not suffer
directly from analog noise and distortion of the transmission medium, The
errors in the received code will have a random noise effect on the recovered
speech, as opposed to the progressive analog degradation in bandwidth and
‘,speech-to-noise ratio which occurs in very long analog circuits,

3.2.6 Transmission Media. The transmission facilities of transmission
. links may be provided over metallic lines or over radio. The latter may be
“divided into relatively stable media such as millimeter and microwave;
varying media such as tropospheric scatter andé ionospheric scatter and those
.media subject to wide and often prolonged variations, such as high frequency
(HF) radio systems., .

3.2,6,1 Metall:\nc Lines, The term metallic lines includes all facili-
ties obtained by use }gf twisted pair and coaxial cable. Characteristics of
these lines which affect the parameters of transmission systems designed to
operate over them include attenuation, noise and mutual coupling. Attemuation
which increases continuously and smoothly with increase of frequency but is
relatively stable with temperature. Noise on metallic lines tends to be
fairly continuous, comprising induction from electric power systems, and
crosstalk from other similar parallel circuits, the latter tending to rise
with volume of traffic, Impulsive noise may also be introduced by natural
-static, transients from signaling circuits, and switching transients from
power .systems, In same areas, electric railways and local rail services may
introduce noise, The fact that attemuation of both paired and coaxial facili-
ties rises progressively with frequency has led to very extensive use of FDM
systems with a nominal channel width of L kHz.

3.2.,6.,2 Radio Relay Systems. The term radio relay is generally applied
to radio systems which are suitable for the application of either frequency
or time division multiplexing and which operate in radio frequency bands
where transmission, while varying continually within a restricted range, is
relatively stable. The radio spectrum classified as VHF, UHF, and SHF is .
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currently expleited by radio relay systems of various types. The channel
capacity of these systems varies from about 12 to several hundred cbanf
nels, The loosely defined term "microwave" is also commonly applied to
such systems, ‘ :

Although several types of transmission may be present at the same
time on a given link, radio paths for radio relay systems may generally
be classified as line of sight, forward scatter, and satellite relay. An
important characteristic of radio relay systems is the use of highly
directional antenna systems, which may allow extensive duplication of
radio frequency channel assignments on a geographical basis,

3.2.6.3 High Frequency (HF) Radio Systems. Radio systems using
frequencies lower thaii about 30 MHz are subject to wide level changes due
to slow and rapid fading. This may affect different frequencies, even in
the same telephone channel band, differently, Offsetting this handicap is
their range, made possible by the reflection or refraction properties of
the ionosphere, when frequencies appropriate to the time of day, season,
and distance are chosen. The range of such HF systems makes them useful for
meintaining contact with tactical forces with wide operating radii, although
such circuits are frequently of low performance. Due to congested spectrum con-
ditions, telephone chamnels are limited to a 3 kHz maximum audio input, and sin-
gle sideband and independent sideband techniques are widely used far efficiency,

3.2.6.4 Radio Systems Below HF, Radio systems using waves classified

as MF, LF, VIF, and IIF have propagation characteristics which are rela-
tively stable, and which may cover long distances, They are used for
special purposes, such as reaching tactical vehicles capable of being
located anywhere in the world., Due to their limited bandwidths, their
. large power and extensive antenna system requirements, and their one-way

only transmission capabilities, such systems are of limited interest in
" a tactical system intended to serve a large number of diverse users.

3.3 Basic System Characteristics. In paragraph 3.l.l the wide

‘variability in tactical communication system requirements and the condi-
tions under which the systems must operate were discussed. In order to
meet these widely different conditions it is necessary that the basic _
reference tactical transmission system for the highly maneuverable require-
ment be different than the reference system for the more stable system
requirement. In a highly maneuverable system the maximum distances over
which switched telecommunications are required has been taken as 200 miles
and a hypothetical reference system with transmission performance for such
a system is given. The more stable system would be expected to meet much
longer distance requirements and a hypothetical reference system for 1000
miles is given,

3.3.1 Basic 200 Mile Hypothetical Reference System. This system is
based on the probable maximum requirements of a system in which the
communication centers are highly maneuverable and subject at times to
very ‘frequent relocation, Experience indicates that 7 switches connected
in tandem will satisfy the maximum needs of such a communication system.

A connection involving 7 switches in tandem will require 6 reference trunks
and subscribers loops at each end of the connection as shown in Figure 1.
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The reference trunks are assumed to be 30 miles in length obtained from
line of sight radio relay. Long trunk circuits obtained from tropospheric
scatter or repeatered line of sight radio relay may also be used providing
the transmission reguirements of the reference trunk are met, Cable
systams may also be used if the transmission reguirements are met. The
transmission standards of Section L will meet the transmission requirements
of the 200 mile reference system.

3.3.1.1 System Layout, In a geographical area where from the stand-
point of military command and organization it is possible to engineer a
communication system layout the following general ground rules shall be
followed:

a. Between most of the subscribers in the system it shall be possible
to place a call involving not more than three intermediate switches pro-
viding there is not some blocking encountered in this first choice route.

b. In case blocking is encountered, alternate routes shall be provided,
The system shall be designed to provide at least a talking circuit that can
be rated as "Fair" when as many as five intermediate switches are required
to set up the call using alternate routes. 1In a small percentage of calls
where the tactical systems are exhbensive it may be that five intermediate
switches are required for first choice routes,

Cc. The system shall bé capable of providing a "Poor" but usable
connection when as many as seven intermediate switches are involved in
setting up the connection,

d. Constraints shall he placed on the number of subscribers authorized
to place calls through gateways or over tie trunks to other systems. This
is particularly necessary for interconnection into the Switched Global
Communication System (AUTOVON)., The 200 mile reference system shall be
designed in such a manner that subscribers authorized such calls will not
have to go through more than three switches to enter another system. It
may be necessary in some cases to provide special direct trunks to permit
certain groups of users such access,

3.3.1.2 Performance Objectives, 200 Mile Reference System. The
quality of voice transmission is determined by subjective tests employing
actual talkers and the judgment of actual listeners., £ substantial sample
of talkers and listeners is required to obtain a distribution of values
for the output of telephone instruments and the judgment of listeners as
to circuit quality or listeners grade of service under varying conditions
of attenuation and noise, Listeners 'grade of service" ratings for tele-
phone communication rate the received volume and/or other transmission
variables by evaluvating the circuit performance by listeners judgment into
three major categories of "Good", "Fair", and "Poor or Worse", The trans-
mission factors which influence the listeners grade of service for the 200
mile reference system are shown in Table I. Subjective listener tests
for voice transmission have indicated that a signal to noise ratio, S/N,
of 13 dB will provide a "Poor" qualltj but usable circuit. The tandem
connections listed in Table I, if met, will provide Good, Fair or Poor
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TACTICAL REFERENCE CIRCUIT
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FIGURE 1

HYPOTHET ICAL, 200 MILE, REFERENCE CIRCUIT (TOTAL 6 TRUNKS)
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Number Telephone Loss in Loss in Loss in | Noise | Noise at |Volume at S5/N at

of Output Loops Trunks Switches | per |HReceiving |Receiving Receiving

Switches | Volume dB dB dB Trunk | Subscriber|Subscriber Subscriber.
Vu dBa0 dBa Vu | aBas dB

FOUR-WIRE SYSTEMS

3 -10,05 7,0k 0 0 - 38 3k -17,066.L | 65 31

5 "...O, 65 7, Gh 0 O 38 37 -1 7, 6650-)4 65 28

7 -10,65 7,044 0 0 38 39 -17,06.4 | 65 26
FOUR-WIRE SYSTEMS WITH TWO-WIRE LOCAL SWITCHiS AND TWO-WIRE TELEPHONES

3 -13,05 7,04 3 L - 38~ - 32 -27,66.4 | 55 23

5 -13,05 7,0k 3 L 38 35 ~27,66.1 | 55 20

7 -13,65 7,04 3 b 38 37 -27,66.1 | 58 18
THO-WIRE SYSTEMS B

3 -13,05 7,6k 6 6 38 33 -32,06.4 | 50 17

5 -13,65 7,04 12 10 38 3L -h2,66.b, Lo 6
FOUR-WIRE SYSTEM WITH A MOBILE RADIO SUBSCRIBER

3 -10,65 3.5,63 0 0 52 52 -14,05.8 ] 68 16

Radio Radio
Loop Subs.

# dBa equivalent to Vu is taken as O Vu = 82 dBa. o is standard deviation of median value given.

TABLE I

TACTICAL 200 MILE HYPOTHETICAL RAFERENCE SYSTEM

088T-QLS-TIN
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grade of service depending on the number of trunks in tandem, the dis-
tribution of values and whether the system is 2-wire or l-wire, See
Section !} for details of transmission characteristics of telephones,
loops, switches, trunks, etc., that.make up the system.

3.3.2 Basic 1000 Mile Hypothetical Reference System. In order to
systematize the characteristics of the 1000 mile tactical hypothetical
reference system, the parameters of a reference circuit meeting such
distance requirements are defined., It is assumed that tandem connections
of 7 switches with 6 switched trunks, and with subscriber loops at each
end of the comnection, in a network configuration, will result in an
end-to-end circuit distance in the order of 1000 miles (length of loops
not included), Alternate routing capability is included, Systems which
observe the standards of Section lj will obtain satisfactory service
under these conditions,

3.3.2,1 Four-Wire Transmission Diagram, To exemplify the character-
istics of the system, a transmission diagram is delineated (refer to
Figure 2 and Tables ITI and III). This diagram, Figure 2, applies to a
L-wire switched FDM system with 6 trunks (modulation sections) in tandem,
making up the 1000 mile hypothetical reference circuit. For planning
purposes each modulation section of 167 miles can be assumed to comprise
six radio or repeater links of corresponding average length of 27,8
' miles, properly sited. The tandem trunks are adjusted for a zero dB net
loss between switchboards which are at a -4 dBr system reference trans-
mission level point, It is assumed that a 6 dB loss between the -l dBr
- ToL.P. and the lL-wire telephone instrument is made up of external cable
and/or pad to constitute a fixed value of loop loss for control of overall
. net loss in the user loops., The end-to-end overall net circuit loss shall
be 17 dB minimum and 21 dB maximum to ensure speech signal levels within
" the range of -21,5 vu to -33.5 vu for an average of -28,0 vu at the tele-
phone receiver, for a 85% "good or better" grade of service,

, The composite transmission level from any lj-wire end instrument shall
‘provide or be adjusted for a mean power N(p) of -10 dBmO,

Switchboard insertion loss shall be of the order of ‘0.5 dB.

The accepted value for noise performance for satisfactory service has
been set at 38 dBa0 (Ll dBrnCO) for a L000-mile circuit. This is the
total noise contribution from all sources, €.g., power hum, radio receiver
noise, modulator noise, intermodulation and atmospherics, if any. The
figure of 38 dBa0O is then divided among the many pieces of electronic hard-
ware so that each section of the total LOOO-mile circuit has a particular
noise specification. As a consequence of the application of the design
criteria, the measure of satisfactory communications is gauged by a
specified minimum requirement for the signal-to-noise ratio at the end
instrument. ' ’

The signal-to-ncise (S/N) performance of the transmission subsystem is
actually determined by two criteria. One is the noise contribution of
intermodulation, which results from the multiplicity of signals that the
electronic equipments must process and the other is the thermal or fluctu-

6y


http://www.abbottaerospace.com/technical-library

S9

‘

No Hypotheti- |Telephone Access Loop Recormended 6 Trunks jNoise at I'Noise at |Speech Volume 5/N at

o f' cal Overall|Set Output Loss Circuit Net |(Modulation Sections) [Far End offelephone|at Telephone |Telephone
5witehes | Distance Volume (dB) (1) Loss (dB) (3) 7_ __{Circuit lReceiver |[Receiver (), c)|Receiver

(Miles) | (Tu) Min(2) [ ax. \[Min, [vax., [ooo(Trunk[WoTse/Truk] (dBa0) | (4Ba)  ["gy Trama) | (@),

L-WIRE SYSTEMS (Multichannel Line-of-Sight FM-Radio-Relay)

3 334 -9,05 6.5 | 8.5 17 21 0 25 29.2 13.7 -28 Sk 40.3

5 668 -9,05 6.5 | 8.5 17 21 | 0 25 31.7 16.2 -28 54 37.8

7 1000 -9,05 6.5 | 8.5 17 21 0 25 33.2 17.7 -28 5k 36.3
L-WIRE SYSTMS with 2-WIRE local Switches and 2-Wire Telephones

3 334 -9,05 6.5% [ 12,5% 13 25 0 25 29.75 16.25 -28 5L 37.75

5 668 -9,05 | 6.5%|12.5% 13 25 0 25 32 18.5 -28 i 35.5

7 1000 -9,05 | 6.5%[12.,5% | ‘13 25 0 25 33.5 200 [ -28| su|

# Includes hybrid and 2-wire switch losses.

NTES: (1)
(2)

(3)

(L)
(5)

Noise output of near end loop 23 dBa for the L-Wire System and 25 dBa with 2-wire access lines.

Assume }-Wire Telephone handset with efficiency equal to that of 2-wire instrument, If higher
efficiency instruments are used, additional losses up to 3 dB may be required.

i dB pad or equivalent inserted at L-Wire receiver element to offset hybrid loss in 2-wire
type handset. ~

Values given are for median over-all circuit loss (19 dB) and a telephone set median output speech volume.

dBa equivalent to Vu is taken as 0 Yu = 82 dBa.
o is standard deviation of median value giwven,

TABLE II
TACTICAL 1000 MILE HYPOTHZTICAL RAFERENCE SYSTiM

BB T~CIS-TIH
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ation noise which is essentially a function of the received signal strength.

For the case of a multi-channel transmission system utilizing a micro- -
wave radio-relay consisting of a series of hops, the overall S/N perfor-
mance is a function of each individual repeater section.

The hypothetical 1000 mile reference circuit for tactical system
applications as delineated in Figure 2, provides for an end-to-end circuit
distance of 1000 miles, subdivided into six switched links, each of about
167 miles, Each of these links is designated a "modulation section® and
is used as a reference unit for system planning purposes. The noise in
the single modulation sections is generally added powerwise and can be
taken as representative for the whole reference circuit,

The subdivision of the noise as contributed by each of the single radio
repeater sections within the 167 mile modulation section depends on the
type of modulation employed and the method of signal through-connection
at each repeater station. Baseband, intermediate or radio frequency inter-
connection each give a different weight to the various sources of noise.
For planning purposes 6 radio or repeater sections can be assumed with an
average length of 27.8 miles,

As noted generally above, the noise spe01flcally in a radio relay
system is caused by thermal noise of the recelvers, Jjitter of self-excited
pulse transmltters, equipment hum and impulse noise, semi-conductor noise,
distortion noise and finally outside interference. The latter influence.
of outside interference is not fully predictable but has to be kept at the
lowest possible minimum by careful equipment design and appropriate fre-
‘quency selection.

In the allocation of the overall noise limits, the main sources of noise
are thermal noise, and distortion or intermodulation noise.

Two basic arrangements are of importance in the treatment of the noise
power in the reference modulation section, namely intermediate or radio-
frequency through-connection at the repeater or demodulation down to base-
band and baseband through-connection on all stations of the system.

With IF or RF through-connection, modulation and demodulation are
required only once within the modulation section, For the case of base-
~band through-connection, modulation and demodulation are involved six
times. For the latter arrangement, Table III exemplifies the Noise
Distribution applicable to a 167-mile modulation section. These figures
should only be taken as an example of the order of magnitude for the
various contributions involved,

Ihdependently of the system layout an accounting should be made of
the noise dependence on the position of the telephone channel within the
baseband., At the higher baseband frequencies thermal noise predominates
even if pre-emphasis is employed, while at the lower frequencies it is
distortion, semi-conductor noise and where applicable, shot effect of
modulator tubes,
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It can be noted that the total noise in the weighted telephone channel
of 1260. pW'pO corresponds to 25 dBa0 and that a 6 dB simultaneous fading margin ‘
assumgtlon.ls'made in all repeater hops of the reference modulation section,

wherein this is feasible with reasonable technical effort,

In general for systems longer than 200 miles, the allowable noise can
be treated as directly proportional to length. Current telephone practice
allows 4.8 picowatts per mile for the microwave transmission system alone
and 6. picowatts per mile for the microwave plus multiplex.

3.4 Quasi-Analog Data. A signal-to-noise ratio (R.M.S. signal to R.M.
S. noise) of 26 dB or better is required for high performance quasi-analog
data transmission. A l-wire system engineered for switched voice service
should meet this requirement on either dedicated or switched connections.
A possible exception may be in the case of mobile radio loops where special
precautions may be required to reduce the noise level.

3.5 Communication Security. Most tactical communication systems have
requirements for handling traffic on a secure basis. This has increased
the use of digital transmission and switching in tactical communications.
Both end-to-end and link encryption methods are used., Character and bit
count integrity must be ensured. Many of the standards contained in this
document have been established to facilitate encryption, however, due to
. the security classification that would be involved no standards are con-
tained herein for security devices.

3.6 Precedence Recognition. The Systems shall handle traffic in
accordance with several precedence levels as dictated by military opera- .
tional requirements. It shall be an objective to reduce the number of

precedence levels employed to the minimum necessary to meet user and

system requirements. Precedence levels are recognized by switching systems

and handled accordingly.

3.7 Point to Point, Full Time Allocated Circuits. Circuits which are
provided tactical users on a full time, nonswitched basis, are in great
demand and frequently occupy a high percentage of the multiplexed trunks
between centers. This results in a highly inefficient use of the communi-
cation system. The demand for these circuits can be reduced by a better
grade of service in switching centers and higher quality transmission.

The standards have been established with such improvements as an objective.
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Noise Distribution in a 167 mile Modulation Section of a multi-
channel FM - Radio - Relay System with Baseband through-connection

at Repeaters (See Figure 2)

Multiplexer : pwpo

‘Total loaded noise contribution of chammel translating

equipment in any nominal L kHz channel 320

Transmission Subsystem

Noise, 6 Modulator/Demodulator 245
Thermal noise, RF equipment 6 repeater sections 170
Distortion noise, RF equipment 6 repeater sections 200

Distortion noise, Antennas, feeders, margin, 6

repeater sections 325

Total Noise in the telephone channel,

weighted, at zero relative level 1260 pwp
(25 dBa0)

TABLE III
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4o TACTICAL TRANSMISSION SYSTEMS
4.1 Performance Objectives.

Lholo,l Voice. In switched telecommmication systems the design of the
various parts of the system, loops, switches, trunks, etc.,, 1s arranged
to provide a usable comnection between subscribers for the most extreme
condition the system will be required to meet in terms of distance and
number of tandem switches, trunks, etc, Constraints, such as size, weight,
mobility, cost, etc., must be considered and "trade offs" must be made be-
tween these constraints and the grade of service that can be given,

bolol.l IListeners Grade of Service. The telephone set volums, loop
losses, switch losses and interoffice trunks shall be engineered to provide
the following listeners preference ratings in terms of listeners prefer-
ences:

85% of the users will rate the circuit "Good,"
10% of the users will rate the circuit "Fair."
5% of the users will rate the circuit "Poor" or "Worse,"

Lb.1.2 Data, For high performance quasi-analog data transmission a
signal to noise ratio (R.M.S. signal to R.M.S, noise) of 26 dB or better
is required. Other performance standards for envelope delay distortion,
harmonic distortion, phase jitter, frequency translation, etc., have been
established for circuits to facilitate high performance quasi-analog data
transmission,

ol.3 ILine-of-Sight Radio Relay Trunks. The fade margin of radio
relay trunks shall be such as to insure that noise on trunks shall not
exceed trunk noise standards more than 1% of the time,

helos Tropospheric Scatter Radio Relay Trunks. The fade margin of
tropospheric scatter trunks shall be such as to ensure that noise on
trunks shall not exceed trunk noise standards more than 1% of the time
during the worst propagation month,

lele5 Interference Control. All electrical-electronic tactical
equipments shall be designed, constructed and installed to conform to
limits specified in M]L-SfD-ﬁél and MIL-STD-462, Provisions shall bs in-
corporated in tactical equipments to reduce to a minimum the effects of
interference likely to be encountered in friendly environments,

4ol.6 Circuit Loading. Frequency division mmltiplex (FDM) carrier
derived trunks shall be engineered to not overload more than 1% of the
busy hour for voice traffic. The assumption shall be made that during
the busy hour all trunks busy conditions will be frequently encountered,
For design purposes an activity factor of 25% shall be used, As many as
10% of the chamnels shall be considered as carrying quasi-analog message
or data traffic. It shall be a Design Objective that all multichannel
commmication equipment be designed for 100% digital data loading.
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Time division derived trunks employing pulse code modulation (PCM)
(para L.4.2) are not subject to multichannel overloading problems, Over-
loading individual channels does not affect other channels., The standards
for volume of voice signals and power of quasi-analog and control signals

- if followed will not overload individual chammels and will provide the

besb quality of transmission,

h4eo1l.7 Echo Attenuation in Two-Wire Circuits and Return Loss in Four-
Wire Circuits, Time delays in transmission over two-wire and retwrn loss
in four-wire circuits are usually so small that echos resulting fram two-

- wire terminations and coupling from the receiver to the transmitting

transducer are not disturbing to the near end users. If the tactical
circuits are extended by world wide trunks and satellite circuits the
overall circuit should meet DCA requirements as covered by DCAC 330-175-1,

4.2 Telephons Set Volume., The telephone instruments used in the 200
mile reference system and in the 1000 mile reference system (see para 3.3)
have somewhat different output volume characteristics due to the environ-
menta in which they are used,

4.2.1 Telephone Instruments Used in the 200 Mile Reference System.
The average of the talker volume distribution for military talkers over
two-wire field telephones is -13 VU with a standard deviation (sigma) of
5 VU, In four-wira systems the average of the talker volume distribution

8 is =10 VU with 5 VU sigma. In both cases the dis-

4.2,2 Telephone Instruments Used in the 1000 Mile Reference System.

4e2,2,1 Two-Wire Field Type. A two-wire telephcne set supplied with
100 milliamperes of talking battery current, for a mean sound pressure
voice directly into the transducer, delivers a mean volume of about -13
VU into a 600 Ohm load. A universe of talkers will have a log normal
distribution of talker volumes with a standard deviation of about 5 VU
about the mean., This means a variation of #15 VU (3 signa). Talker vol-
umes will increass directly with a reasonable increase in ambient noise.

4.2.2.2 Four-Wire Field Type. A four-wire telephone set using
essentially the same circuit elements as for the two-wire telephone set
arranged to operate four-wire will deliver about -10 VU into a 600 Ohm
load. A universe of talkers will have a log normal distribution with a
standard deviation of about 5 VU, This means a normal variation of +15 VU
(3 sigma) about the mean. Talker volumes will increase with a reasonable
increase in ambient noise, NOTE: See definitions for TAIKER, MEAN VOLUME;
TALKER, MEDIUM POWER; TAIKER VOLUME DISTRIBUTION, MEAN POWER OF THB; for
conversion of VU values to dBm, .

4.3 Characteristics of Tactical Transmission Circuits,
h0301 I.oops. .
he3.1.1 Transmission Losses in Loops,

g
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e3.1.1.1 Loops in the 200 Mile Reference System. (Refer to para 3.3)
The losses for both two-wire and four-wire loops at 1000 Hz shall be 3,5 dB
mean per loop with a standard deviation (sigma) of 2.9 dB. This is considered .
to be a normal or Gaussian distribution.

4.3,1.1.2 Loops in the 1000 Mile Reference System. (Refer to para
3¢3.2.1 and Table II} The specifications for loop loss are not stated in
statistical form, rather minimum values are given with recommended maxima, The
recommended maximum loop loss at 1000 Hz for the L-wire systems shall be 8.5 dB
and a minimum loss of 6.5 dB. It is to be noted that an added lj dB pad or equi-
valent means is associated with the L-wire telephone set (receiver) on the basis
of presuming 2-wire telephone sets are presently to be accommodated in the 4~
wire system and an equivalent grade-of-service is to be provided to each type of
telephone instrument., For the 2-wire access loops the recommended limits are
12.5 dB maximum and 6.5 dB minimum, which losses include the hybrid 2/L wire
terminating set and 2-wire switch losses where applicable,

Since it is not practical to adjust each individual loop on the basis of
loss measurements, loop loss pads shall be provided as part of switching cir-
cuits and/or multiplex terminal equipment. When the user is connected to the
switch, alternate terminals shall be provided to adjust for the length falling
within the four distance ranges of 0-1,000 ft., 1000-5000 ft., 5000-10,000 ft,
and greater than 10,000 ft. Each of tﬁese connections to approximate the mini
mum loss of 6.5 dB at 1000 Hz for the range indicated, wherein the effective
.- loss of the access loop itself at the ﬁ-—m.re switch is less than the minimum.,

4.3.1.1.3 Radio Loops, Radio loops shall be four-wire and operated at
O dB +2 dB loss (measured at 1000 Hz). :

,» he3.1.2 Noise, Noise on wire and cable loops is usually so much lower
than noise on trunks that its effect on a subscriber to subscriber circuit may
be neglected, Trouble conditions may, however, produce excessive noise and

+ should be cleared for satisfactory operation,

The noise measured at the receiving end of radio loops, ogerating below
30 MHz, shall not exceed 52 dBa (DO, 50 dBa). Above 30 radio loops shall
have 35 dBa0 as a Design Objective, The noise shall be measured with a trans-
‘mission measuring set TS-559( )FT, or equal, using F1A line weighting.

4.3.1,3 Terminal Impedance. The terminal impedance of four-wire radio-
logﬁs shall be a nominal 600 Chms in the band between 300 and 3040 Hz for a
3 kHz channel and between 300 and 3500 Hz for a 4 kHz channel. This impedance
shall have a return loss of 26 dB or more against a 600 Ohm resistance across
the specified band. o :

The impedance of wire and cable loops varies widely with frequency,
temperature P moisture and length and is not specified as a standard.

4.3.1.k Test Tone, The signal used for transmission testing on loops
shall have a frequency of 1000 Hz +25 Hz and shall be at a power of O dRmO.,
Test tone power of -10 dBmO may be™used as an option providing it does not
cause operational problems, :

4.3.1.5 Loop Circuits, Two-Wire. Two-wire loops will be used as long as
two-wire switchboards continue to be used in tactical systems, Two-wire radio
loops shall be operated in one of the following two ways: l? Four-wire at
‘the subscriber end and two-wire at the switchboard end, or (2 sh-to-talk
(one-'vgay-a.t-a-tune) employing radio~wire integration devices, -Wire loop
circuits shall meet the same standards as four-wire loop circuits,

o ®
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lo3.2 Chammel Characteristics., The normal "voice" channel used for
voice and data conmunications shall have a nominal bandwidth of i kHz, A
special naminal 3 kHz channel shall be utilized for voice and data commni-
- cations when the channel is derived from radio circuits operating below
about 30 MHz,

4.3.2.1 Three kHz Channel. The following chammel characteristics are
for a single transmission link which is properly terminated. A single
1ink comprises a circuit which joins two points wherein the signal is
modulated and demodulated to/from the nominal frequency band of the link
- under consideration, Unless otherwise specified a link will be understood
to include only four-wire, or equivalent four-wire, portions of a circuit
and will not include hybrids.

4e3.2.1,1 Chamnel Audio Input/Output Impedance., The audio input and
output impedance of the three kHz channel shall be 600 Ohms, balanced to
ground, with a minimum return loss of 20 dB (DO 26 dB) against a 600 Ohm
resistance over the frequency range of 300 Hz to 3020 Hz. The electrical
balance shall be sufficient to suppress longitudinal currents at least
4O dB below the reference signal level,

4e342.1.2 Attenuation vs Frequency. The nominal 3 dB points for the
band shall be at 300 and 3020 Hz, For all frequenciss between 1000 Hz
and 350 Hz, the attenuation shall be within the limits of -1 dB and +2 dB,
with respect to the attemmation at 1000 Hz, For all frequencies between
1000 Hz and 3000 Hz, the attenuation shall be within ths limits of +1.5 dB,
with respect to the attenuation at 1000 Hz,

It shall be a Design Objective that tle attenuation shall be within 1
dB for all frequencies between 350 and 3000 Hz with respect to the attemm-
ation at 1000 Hz, ,

ke3.2.1.3 Envelope Delay Distortion. The envelope delay distortion
shall not exceed 500 microseconds in the frequency band between 600 and
3020 Hz.

be3+2.1.s Total Harmonic Distortion. The total harmonic distortion
within the band between 300 and 3020 Hz, produced by any single frequency
test signal, shall be at least 30 dB below reference (-30 dBm0). The test
signal shall be introduced into the link at tle zero transmission level
reference point at O dBa, The power of the test signal shall be adjusted
when introduced at transmission level points other than the zero point,

- The Design (bjective shall be at least 40 dB below reference (=40
dBmO).

4e3.2.1.5 Intermodulation Distortion. The individual intermodulatin
distortion products, within the band between 300 and 3400 Hz produced by

any two equal level tones introduced at -3 dBmO in that band, shall be no
greater than -38 dBn0 (Do 40 dB),
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Bo3.2.2 Four kHz Channel, The following chamnel characteristics are
for a single transmission link which is properly terminated. A4 single
link comprises a circuit which joins two points wherein the signel is
modulated and demodvlated to/from the nominal frequency bend of the limk
under comsideration. Unless otherwise specifisd, a link will be under-
stood to include only four-wire, or equivalent four-wirs, portions of a
circuit and will not include hybrids,

bo302,2,1 Attenuation vs Frequency, The nominal 3 dB poimts for the
band shall be at 300 and 3500 Hz, For &ll frequenciss betwesen 1000 Hz and
325 Hz, the attenuation shall bs within the limits of -1 dB and +2 dB with
raspect to the attemmation at 1000 Hz., For all frequencies bstwesen 1000
‘Hz and 3450 Hz, the attemuation shall be withinm the limits of #1.5 dB with
respect Yo the attenwation at 1000 Hz,

As a Design Objective the attenuation shall be within +1 dB for all
frequencies between 325 and 3450 Hz with respsct to the atlenuation at
1000 Hz., (See Fig 3)

lho3:2,2,2 Emvelope Dslay Distortion., The envelope delay distortion
in the frequency band bstwesn 600 amd 3200 Hz shall mot exceed 175 micro-
geconds, @amd im the frequency band bstween 1000 end 2500 Hz shall not
exceed 100 microssconds,

163020203 Totel Harmonic Distortiom. The totel harmonic distortiom,
. within ths band between 300 and 3500 Hz produced by any single frequency
- test signal chall be at lsast 30 dB below refersnce (=30 dBm0), The test
gignel shall be imtroduced imto the link at the zero transmission level
reference point at O dBm, The power of the test signal shall be adjusted
vhen introduced at transmission level pointe other them the zero poimt,
io@og “"h dm i.f a’t the "—"P.ﬂ. dm p@mto

1)?}3@ Design Cbjective shall bs at least 4O dB below referenmce (=4O
dBm0 ),

bo30,2.2. Imtermodulation Distortion, The individual intermodulation
distortion yroducts within ths band bstween 300 emd 3500 Kz produced by
any two equal level tomes introduced at -3 dBe0 im that band shall bs no
greater them -38 dBm0 (Degign Gbjective -45 dBmO).,

503.2:2.5 Frequency Translation. The frequency translation intro-
duced by amy link due to the differemce im carrier frequencies at each
end of the link shall not exceed 0,2 Hz,

$03020:206 Channel Audio Imput/Output Ispsdances, Ths audio imput
and output impedamces of the L kHz chemmsl sball be 600 Oms, belanced to
ground, with & minimm retuwn loss of 26 dB sgainst a 600 Obm resistance
over the frequency range ef 300 te 3500 Hz, TI» electricel balance shall -
be sufficient to suppress lomgitudinel currents at lsast L0 dB.

h
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ko3.2.2,7 Voice Frequency Ringing. The use of voice frequency ring- .
ing or supervisory signals shall not cause the characteristics of the

N kﬂﬁ channel to fall outside the limite specified in paragraphs l.3.2.2.1

and §.3,202620

Bo302.3 Forty-Eight kHz Channel., The following channel characteris-
tics are for a single transmission link which is properly terminated. 4
single limk comprises a circuit which joins two points wherein the signal
is modulated and demodulated to/from the nominal frequency band of the
iink under comsideration.

Bo30203,1 Channel Inmput/Output Impedances., The input and cutput im-
pedances of the forty-eight kHz channel shall be nominally 135 Ohms,
balanced to ground, with a minimum return loss of 20 dB (DO 26 dB) against
a 135 Obm resistance over the frequency range of 12 kHz, The elasctrical
balance shall be sufficient to suppress longitudinal currents at least
10 dB below the reference signal level.

It shall be e Design Objective that 130 Ohm and 150 Ohm impedance
terninations be provided as strapping options.

bo36203.2 Channel Input Signal Power,

bo3020302,1 Four kHz Channel or Equivalent, The test tone inmput (per
ly kHz channsl) shall be -34.5 dBm, +,75 dBn, Ths composite audio imput of
speech (for each l; kHz channel) shall have a mean power of -10 dBnO, when

active, The multitone input power (for each lj kHz channel) shall be -13 .
dBmO, o

ho3o2030,2.2 Forty-Bight kHz Chamnel Input Loading, The equivalent
geussian noise test signal for simulating the loading of the channel shall
be equal to =10 dBm + 10 log N or 0,8 dBeO, whem all ) kHz channels are
loaded with data. When all 4 kHz channels are loaded with voice, -1 i
log N may be used.

le3:2:3.3 - Channel Output Signal Power,

bo30203.3,1 Four kHz Channel cr Equivalent. The test tone output {per
Iy kAz channel) shall be -12 dBm., The composite audio output of speech (for
each L kHz channel) shall have a mean power of -10 dBr0, The multitone
output power (for each l kHz chammel) shall be -13 dBmO,

Bo302.3. Attemmation vs Frequency., The imsertion loss ower the fre-
quency band shall have a maximm spread of 1.0 dB and over a band of fre-

quencies corresponding to amy b kHz channel, the maximum spread shall not
exceed 0,3 dB,

l3e3+2.3.5 Envelop Delay Distortion. The total emvelope delay distor-
tion over the band 60 to 108 kHz shall not exceed 15 microseconds and,
over a band of- frequencies corresponding to amy 4 kHe chammel, the total
delay shall not exceed 2 microseconds.
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4.3.2,3,6 Noise, The basic noise occurring in a band of frequencies
corresponding to any L4 kHz channel, shall not exceed 50 pWpO. The total
noise in a band of frequencies, corresponding to any 4 kHz channel, shall
not exceed 100 pwpO when all the remaining 4 kHz channels sre loaded,

L4e3.3 Four-Wire Trunks,

ke3.3.1 Transmission Level Reference Point., The four-wire transmis-
sion level reference point shell be at tke four-wire switch, and the re-
lative level there shall be -4 dBr for both transmitting and receiving,

He3e3.2 Test Tone. The signal usaed for tranmmission testing on 4 kHz
channels shall have a frequency of 1000 Hz +25 Hz and shall be at a power
of 0 dBm0 (i.e., when introduced at the -4 dBr point it shall be a power
of -4 dBm). As an option, a test tone power of -10 dBe0 may be used pro-
viding it does not cause operational problems.

he3e3¢3 Terminal Impedance, The terminal impedance shall be nominally
600 Ohms in the band between 300 and 3040 Hz for a 3 kHz channel and be-
tween 300 and| 3500 Hz for a 4 kHz channel, This impedance shall have a
-return loss of 26 dB or more against a 600 Olm resistance across the speci-
fied band,

he3.3.y Insertion Loss of Single Trunk, The nominsl insertion loss
of a single trunk circuit at 1000 Hz shall be O dB + 0.5 dB. Permissible
regulation variations shall not exceed + 2 dB or a standard deviation of
0.7 dB,

lo3.3.5 Crosstalk, The crosstalk coupling loss between any two trunks
shall be at least 55 dB (65 dB as a Design (bjective) when measured at or
referred to equal tranemission level points. The near end crosstalk coupl-
ing loss of a trunk circuit shall be numerically greater than 50 dB in the
frequency band transmitted when measured at or referred to equal transmis-
sion level points,

The near end crosstalk coupling loss in cable systems where go and
return circuits are in close proximity (i.e., spiral-four cable) shall be
mumerically greater than 25 dB at equal level points,

4e3.3,6 Noise on Prunks. Noise on trunk circuits shall be low enough
to permit performance objectives of the 200 mile tactical reference system
and the 1000 mile tactical reference system to be met., Permissible noise
::dtnmkn s for these systems are given in paragraph 3.3 and Tables I, IT
Io ’

h.3.3.6.1 Three kHz Trunks Derived fram SSB HF Radio Circuits. These
trunks have limited use in special cases for very long haul trunk circuits,
They generally cannot meet standards for gemeral pwrpose trunk circuits,
Noise on these circuits when used as trunks shall not exceed 50 dBaO,

11
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Be3e3:60.2 - Wire and uable Trunks. Tactical systems normally do not
employ long wire and ca .e gystems.for commnications and noise on wire
and cable trunks is seldom a problem. Noise on these trumk circuits shall
not exceed the standards given in paragraph 3.3 and Tables I, II and III.

be3e30603 Trunks Dsrived £rom PCH or Other Time Division Maltiplex
Systems, These systems are characterized as baving very low noise when
signals are not present but having noise that accompanies the signal when
present, Noise in PCM systems is dus to the process of "quantization" and
the interfering effect on transmissions of speech and other signals is
quite different from that occurring in frequency division systems, Quan-
tizing noise standards are covered in paragreph liolio?e1011 for PCM multi-
plex txrunks,

he3¢3.7 Limiting on Trunks, The limiting action on the trunk cir-
cuits shall be such as to compress test tone power inserted at or referred
to the zero trausmission level reference point as follows:

Input Power - dBmO Campression - dB
'l,ooo'o@ooo@eaoeooooco Nme
oooao,ooooaaammooeooae None
-'"3 9600868600000 006600 None

* Q06TOCOVOBOQO0BEOO 1
4’8 002000 P0Q0CO0C0C00QQD 5

be3.s Two-Wire Trunks., The standards for two-wire trunks include the
effect of the hybrids,

lie3elsel Transmission Level Reference Point. The zero transmission
level reference point shall be taiken at the two-wire switchboard terminal
of the trunk circuit in the transmitting direction., The relative trans-
mission level at this point is O dBr,.

Bo3.ke2 Test Tone, The signal used for transmission testing on the
charmelahallhaveafrequencyoflooom+2sﬂzandshallbeatalevel
of 0 dRmO,

le3olie3 Terminal Impedance, The terminal impedance of all two-wire
trunks shall be nominally 600 Olms in the band between 300 and 3040 Hz
for a 3 kHz chamnel and between 300 and 3500 Hz for a lj kHz channel. This
impedance shall have a return loss of 26 dB or more against & 600 Ohm
resistance across the specified bend,

Be3ckioly Insertion loss of Single Trunks, The nominal imsertion loss
of a single trunk.circuit at 1000 Hz shall be 3 dB + 0,5 dB. Permissible
regulation variations shall not exceed + 2 4B,

lio3.k.5 Echo Attemmation., The time delays in transmissions over tac-

tical two-wire circuits are usually so small that echoes resulting from
two-wire,temninatians are not disturbing to telkers using the circuits.

78


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

4.3.4.6 Crosstalk, The crosstalk coupling loss between any two
two-wire trunks shall be at least 55 dB when referred to equal level
Poi_ntSo

he3.4e7 Noise on Trunks, The same standards apply as for four-wire
trunks.

be3.ke8 ILimiting on Trunks. The limiting on two-wire trunk circuits
shall follow the same standards as for four-wire trunks, Refer to para-
graph )40303070

4.3.,5 Transmission levels,

lo3.5.1 Four-Wire Systems. The tranmmission levels at the four-wire
gwitch shall be -4 dBr for both directions of transmission, At mmltiplexers
the transmission levels shall be -4 dBr for both directions of tranamission,
Ae an option, transmission levels at multiplexers may be -16 dBr at the
input to the multiplexer and +7 dBr at the ocutput. Means shall be provided

. for adjusting these optional levels to the -4 dBr level at the switch,

h.3.5.1 Two-Wire Systems, The transuission level at two-wire switch-
boards in a two-wire system shall be OdEr in the transmitting direction
toward the trunk, In miltiplexers with two-wire terminations (hybrids) the
transmission levels at the four-wire point of commection to the hybrid
shall be -4 dBr transmitting into the multiplexer and +1 dBr receiving
from the multiplexer, As an option, levels of -16 dBr into the multi-
plexer.at the four-wire point and +7 dBr receiving from the multiplexer at
the four-wire point mey be provided,

k3.6 signal Power,

4e3.6.1 Voice.loading, Carrier derived trunk circuits are designed
to operate at a specific mean power with a variation about the mean as in-
dicated by the standard deviation used in the design., The users circuits
must be arranged as far as possible to apply the design for either two-wire
or four-wire operation, The usual mean power talker applied at the modu-
later input mmast correspond to the transmission level assigned which may
be either -li dBr or -16 dBr. The mean signal powers applied at these
transmission levels are -1 dBe and -26 dBm respectively. loops must be
adjusted to give these mean signal powers at the modulator input (except
in the case of the 200 mile reference system where adjustment of loop
attennat:gon is not feasible). (See also para l.li.1.3.3.2.1 for FIM chammel

- Lho3.642 Data Loading. Quasi-danalog data signals shall be 'tranmitte:d
at a total power of -13 dBmO for the composite of all tones applied to one
voice channel, (Refer also to paragraphs h.h.l.1l.4.1 and L.}e1.3.302.2)

hoi Maltiplexing, Extensive use is made of multiplexing techniques
to obtain various numbers of channels by providing parallel, simmlteneouns
paths of various bandwidths (frequency division) or by successively assign-
ing the entire bandwidth of a facility to each of a mumber of channsls in
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division

o

rapid se%ueme to give the effect of parallel continuous channels (time ‘

boliol Frequency Division Multipleximg (FIM) Systems, Frequency divi-
sion multiplexing is a method of deriving two or more simultanecus, con-
tinucus chamels fram 8 transmission medium (metallic lines or radio)
commecting two points,
holiolol Telegraph Cheannels, FIM Systems. Several telegraph chammels
may be miltiplexed, on a frequency basis, imto a 3 kHz or ki kHz message
circuit, which is analogue in mature., The standards for 12 and 16 mmlti-
plexed telegraph chammel systems appear below, howsver they are not
intended to inhibit the development or use of systems with larger or
smaller mmbers of chanmels,

Lelololol Twelvwe Charmel System, The twelve chammel system shall
follow the seme standards as the sixteen chammel system with the following
exceptions: :

Boltelololol Cemter Freguenmcies, The nominal center frequencies of
the telegraph-channels shall be abt: 425, 595, 765, 935, 1105, 1275, 1LkS,
1615, 1955, 2380, 2805 amd 3230 Hz, ‘

boliodololo? Signal Type and Semse. Frequency shift modulation shall
be employed., The mark signal shall bs at the center frequency minus the
shift (£, -Af) and the space signal shall be at the center frequency plus
the shiff (£, +&£). )

lioliololole3 170 Hz Telegraph Chammel, Frequency Shift. The frequemcy ‘
ghift in the 170 Hz telegraph chamnel shall be 42,5 Hz below and above the
center frequency.

lolfelolodlols 425 Hz Telegraph Chanmel, Frequemcy Shift., The frequency
shift in the 425 Hz telegraph chanmel shall be 85 Hz below and above the
center frequency.

lohid.1.2 Sixteen Channel System.

hohololo2,1 Center Freguencies. The nomimal center frequencies of
the telegraph charmels shall be ats [25, 595, 765, 935, 1105, 1275, 1LLS,
1613, 1785, 1955, 2125, 2295, 2465, 2635, 2805 and 2975 Ha, :

liohelele2.2 Signal Type and Semse., Frequency hift modulation shall
be employed, The mark signal shall be at ths cemter frequency mimus 42,5
Bz (£, - 2,5 Hz) and the space frequency shall be at the cemter frequency
plus f2.5 Bz (£, + 42,5 Ha),

, boltodlelo2e3 Freguency Tolerance, The tolerance allowed om the “mark®
and "space"-fregquencies, as generated, shall be plus or mimus i Hz,

hobolole3 Audio Input/Cutput Impedances., The audio imput and output
impedances of the telegraph channsl muitiplexer and demultiplexer om the
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carrier line side shall be nominally 600 Obms with a minimum return loss
of 26 dB against a 600 Ohm resistance over the frequency bandwidth of the
analog channel,

4ebedol.s Telegraph Channel Multiplexer.

hoiodl.1.4.1 Audio Multitone Output Power. The amdio multitone out-
put power, that is fed to the analog channel, shall be -13 dBmO, The
ocutput power, per telegraph chamnel shall be equal to ~13 dBm -10 log t,
where t is the mmber of telegraph chammels. The multitone output power
shall be adjustable over a minimm range of -20 dBa to ¢ dBm. NOTE:
Higher multitone output power may be used on analog chammels that are not
subject to the multichannel overloading problems encountered in frequency
division multiplex systems. For example, any number of analog channels
derived from pulse code modulated mmltiplexed systems may be loaded with
multitone signals or data without camsing intermodulation between the
analog channels.

lelsel.2.5 Telegraph Channel Demmltiplexer.

hol4e1.1.5.1 Aundio Multitons Input Power., The audio input power, that
is received from the analog channel, shall be a nominal -13 dBmO, The
sensitivity of the demultiplexer shall be such as to accommodate audio in-
put powers over a minimum range of -25 dBm to O dbm.

hoiel.1.6 Crosstalk. The crosstalk coupling loss between telegraph
channels, on a single transmission link, shall be mumerically greater
than 50 dB, when referred to equal level points.

belieds1,7 Distortion, With the tranasmit and receive terminals con-
nected back to back, sending end receiving loops properly terminated, and
all transmit tones activated at proper levels, random undistorted signals
keyed simultaneously into each sending loop at the maximum modulation rate
of the terminal design; the maximum distortion, as measured in the re-
ceiving loops, shall not exceed UZ M - 0 - 4)£ S, This distortion shall
not increase more than 1% for lower modulation rates, .

lolso1,1,8 Telegraph Channel Loop Circuits. It is the usual practice
to terminate the individual telegraph channels in a dc loop circuit, The
standard "low level interface" (Figure 5, Appendix B) shall be provided
for dec telegraph loops.

boliels2 Three kHz Channels, FIM System. Several 3 kHz channels may
be multiplexed, on a frequency basis, onto the transmission medium connect-
ing two points., In a tactical enviromment, the transmission medium will
normally be HF SSB radio circuit, operating below 30 MHz, In this case,
the frequency division multiplexing equipment is an integral part of the
FF redio equipment. (See paragraph 4.5.7)

koyo1.3 Four kHz Channels, FDM Systems.
bolele3.1 General, The standardized types of frequency division
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miltiplex equipment, used inm the tactical enviromment provides for multi-
plexing of L kBz or message circuits which are analog in nature, Analog
signals such as telephone and facsimile are transmitted without need for
gignal conversion. By comverting digital data pignals into quasi-analog
form, they may also be transmitied over these circulis. The modular
principles cmployed mske it possible to derive wider analog circuits from
the mnltiplex equipment, a8 described below. The through routing of
group and supergrovwp chanmels allows the buildup of longer ‘circuits with-
out incwrring penalties of bandwidth narrowing and increased envelope
delay distortion and moise introduced by the channel trenslating equipment,
Tt is also anticipated that in the futwre extensive use will be made of
group and supergroup channels and even wider bandwidths to bandle the
output signals of high speed digital data modems desigued for such use,

Loliole302 Four Chammel System.

bolfolo3e20.1l Order Wire. An order wire or supervisory channel is
normally provided by the transmission medium (metallic lines or radio
circuits) through the use of the 0.3 kHz to L kHz frequency band. One of
ths ly channels may also be ussed for the order wire channel.

boliodo302,2 Message Bassband.

lololo30202.1 Multiplexer., Four each lj kHz chamels are translated,
by frequency medulation process, to adjacent positioms im the frequency
band of L kHz to 20 kHz, Four chaunel carriers are used to do this,
spaced every by kHz from 8 kHz to 20 kHz., The carriers are suppressed in
thes channel modulater circuits, and the lower sideband of each chamnel is
gelected by a chanmel sideband filter. A channel sideband in this posi-
tion is @aid to be "inverted.®

© lpeltolo30202.2 Chammel Characteristics. The four msssage channels
ie;hall meet the stamdeards for i kHz channels as specified in paragraph
0362020 )

kosolo3o3 Twelve Chammel System, The nominal bandwidth of a twelve
channel multiplexed system shall be U8 kHz, The twelve channel system
forms & basic group chamnsl and building block for multichannel systems,
The maltiplexsd basic group frequency band shall be translated to 60 kHz
to 108 kHz and designated as basic group "B." The basic group B, by
further frequency modulation process, is translated to a frequency band
of 12 kHz t 60 kHz and is then designated as basic group "4.¥

Basic group "A? is widely used for 12 chammel tactical multiplexsd
- gystems, -Basic group "BY is widely used im those tactical mmltiplexed
gystems, that have more than 2l channsls, A basic group "A" and a basic
- group "B" are sometimes combined im a tactical multiplexed gystem to
provide & 2 chanmel capability,

Boliole3do3ol Transmission Levels, Tactical FIM emipment for 12
channels and larger systems are arranged as shown in Figure ly where imput
and output transmission levels of O dBr are availables, Transmission
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levels of -16 dBr input and +7 dBr output which correspond to Global v
standards are also available, In order that the transmission levels far ‘ ‘
tactical systems should be provided, internal pads, or other appropriate

means, shall be used to adjust the transmission levels to -4 dBr in and

out which are standard for tactical four-wire switched systems.

hol4elo3.302 Loading.

Boltelo3o3.2.1 Voice loading (Apnalog). The total load applied to a
multichannel emplifier is the sum of the loads in the individual chamels,
There are certain factors about speech transmission that tend to reduce
and stabilize the total load as the number of ckammels increases. These
factors are:

@, The number and distribution of channels actively tranamitiing
speech,

b. The volumes of speech in the individual channels.

In determining the channel loading of a multichannel voice system,
considerable advantage may be taken of the statistical distribution of the
spesch signals, For example, the activity factor for a channel or the
percentage of time in the busiest traffic hour a chammel might be active
in multichannel systems, is about 25%. ‘

For smaller groups of channsls this percentage may be larger, but it
is highly unlikely that any increase in group s&lze would change it
appreciably, Wilization of this activity factor, results in a decrease
of the mean power (-10 dBmO)of a voice channel (short term average channel
active) to a mean power of -16 dBm0 for a voice chanmel (long term average).

The volumes of speech in active woice chamnels will also affect the
total load, Speech volumes are not constant in a chamnel, but vary con-

siderably, depending on the characteristics of the talker's speech and the
loudnegs of his voice,

The changes in active channels and in speech volumes concera only thse
maximm rms load on & mmltichannel amplifier; causing more and more gr:
variations as ths number of channels increases,. v

However, it is the total input voltage applied to the amplifier, and
not just the rms portion, thet determines whetler the amplifier will over-

-load, This total voltage is the vector sum of the instantaneous voltages
in ths separate channels and is a function of both the phase and amplitude
of each speech signal.

In consideration of the above statistical aspscts of voice and the
associated probabilities, loading formulas were established by Holbrook
:gdﬁ% and a:E; gecafmend.ed by CCIIT. These formlas give the mean

8 power the distributed speech s 8 that the system must
be capable of ¢ The 1@:% the mmboregf oha.nnels

o 8 power de
involved, and is calculated from one of the two formulas: (See Figure 30
8l


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

P, = -1 + L 1log N, (for N less than 2440 channels) dBmO
or
P = -15 + 10 log N, (for N greater than 2L0 channels) dBmO

The formulas include a small margin for loads caused by signaling tones,
pilot signals, and carrier leak, -

h.h.1.3,3.2,2 Digital Data Loading, Data signals are, more or less, of
constant amplitude; in contrast to the wide variations of speech. Thus, £he
average power of a data signal is continuous and imposes greater loads on the
multichannel amplifier than that of a voice signal which is present part of -
the time. The loading, imposed by telegraph and data signals, is calculated
from the following formula: (See Figure 30, )

P, =Pc +10 log N :

where P = rms power of the multichannel signal (dBmO)
Pc = rms power of the input telegraph or data signal _
N = number of channels carrying telegraph or data signals

It shall be a Design Objective that all multichannel communication equip-
ment be designed for 1682 digital data loading. :

: 2 '3 . 3 d' - d O N
mean g&ngr EeI% ggg.maig 1%5%19??0{0?1@ Sﬁ% b ordf)'g%e%'oa mﬁt%& etgi‘ cogi ggrary'
multichamme stems (switched) carrying (1) voice (2; telet; 3nd data
traffic; that the combination of the applicable values for (l%.‘:e 2), (3) of
voice channel loading together with the number of channels so ocated, pro-
duces a resultant transmission level that is compatible with the specific over-
load characteristics of the multiplex eguignent ¢ the emission bandwidth of the
FM gystem, etc, Otherwise a reduction in the digital data loading to -13 dBmO
mean powWer per channel n{ay be necessary to meet the required noise perfamance. -

hoh01030303 Channel Equipment., (See Figures )4‘, 5 and 6.)

L. 1.3.3.3,1 Channel Translating Equipment, The channel translating
equipment shall translate 12 each 4 kHz channels to/from a basic group "B"
channel (48 kHz), :

b.,1.3,3.3,1.1 Channel Modulation and Demodulation Plan., The Channel
I'ranslating Equipment shall modulate and demodulate twelve, four-wire, audio
channels to the 60 to 108 kHz frequency spectrum as shown in Figure 7§a). The
translated channels shall. appear-at the Group Distribution Frame (GDF) or -
equivalent point as single sideband suppressed-carrier li kHz-spaced channels
with lower sideband orientation far all channels, The translated channels are
identified as a Basic Group "B" at the GDF point.

botele343.301e2 Channel Input/Output Power. The input and output

' levels specified apply to channel translating equipment and provide a net

gain of 23 dB in each oneway path, These power levels shall apply to all
channels of the multiplex equipment, without regard for the net loss to be
provided for any particular trunk, whether terminated on a two-wire or a
four-wire basis, A1l channels shall be maintained on the same basis so
that a -16 dBn test tome at any input to the channel translating equipment
shall result in a +7 dBm level at the corresponding channel output of the
demodulator, “insuring that all chamnelscare interchangeable and may be
freely patch at multiplex access points without need to change adjustments
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integral to the multiplex equipment.,

&, The test tone, at the audio input to the chammel translating
equipment, shall be -16 dbm,

be The test tone, at the audio output from the chamneling equipment,
shall be +7 dBa + O.1 dB with an adjustment range of not less than + 3 dB
to accommodate variations in the receive direction at the GDF or equivalent
POM.

¢, The test tome level, at the GIF or equivalent point in the tranamit
direction, shall be -34.5 dBm, *+ .75 dBm,

d, The test tone level, in the receive direction at the GDF or equiva-
lent point, shall be -12 dBa,

boltele3e3.3 o1le3 Chammel Impedances.

8, Andio Input and Output, The impedance at the audio input and out-
put, measured over the frequency band of 300 to 3400 Hz, shall be 600 Ohms
with a longitudinal balance of not less than 4O dB. The return loss aha.u
be not less than 2§ dB when campared against a nonreactive impedance

b, GIF Input and Output,. 'rhe impedance of the channel translating
equipment at the GIF shall be 135 Ohms balanced with a retura loss of not
less than 20 4B (DO 26 dB) when compared with a nomreactive impedance of
135 Ghms, It shall also be a Design (bjective that 130 Gim and 150 Ghm '
inpedance terminations be provided as strapping options.

Leltele3e3.3.1.s Chanmel Insertion Loss-Frequency Characteristic. The
individual tranmitting and receiving branch insertion less-frequency
characteristics, i.e., andio to GDF or GDF to audio, shall be within the

following values:

Frequency Band Insertion loss

600 - 2400 Hz + 0,35 dB

koo - 3000 Hs < 0,35 dB + 0,75 dB
300 - 3400 Hg ' - 0,35 dB + 1,50 dB

' Pomitive figures indicate a loss, and negative figures indicate a ga:Ln,
relative to the insertion loss at 1000 Hz.

loliele3e343.1.,5 Channel Envelope Delay Distortion, The envelope
delay distortion of a chammel from audio to GIF in the transmit direction
and from GDF to sudio in the receive direction, taken individually, shall
not exceed 90 microseconds over the 600 to 3200 Hs portion of a chammel
and 55 microssconds over the 1000 to 2500 Hz portion of a channel,
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boltolo3035301.6 Channel Inm Band Noiss, With the champel translating
equipment properly looped at the GIF and the VF leads terminated im 600 .
Chms, the idle chanmsl noise shall not exceed 35 pWpO.
Loltolo303030107 Chammel Out of Band Moise, With the chammel bank
properly looped at the GIF through suiteble level correcting equipment,
the total imtrinsic and intermodulation noise occurring in agy chanmel
ghall not excesd 200 pWpO when all other chanwels are loaded with (300 to
3400 Hertz band) Gaussian noiss at am inmput power level equivalent to
-5 dBm0 per channel,

h@holoBoBoBolo& Champel Level Stability. With the channel bank
properly looped at the GIF through suitable level-correcting equipment,
the channel level stability measured at the channel demodulator output
shall Bs ¢+ 0.5 dB or better over a 30 day period, This meesurement shall
be made af the test tons frequency and level. :

loltodo303030le9 Channel ILimitimg., The chamnel translating equipment
shell provide limiting in the transmit direction such that the level at
the CIF or eguivalent point camnot exceed +9 dBmO per chammel, The
limiting shall-be such that if a 1000 Hz tome is applied to the channel
input at a level of -16 dBm and the lsvel of this tons is increased im a
- linear mannse for 3.5 dB above - 16 dBa, the cutput level at the GIP or
", equivalent point will increase in a limsar manmer with & meximme departure
not exceeding ¢+ 0.3 dB, For an increase in lasvel wp to 16 dB above the
initial sstbing, the limiting shall coms into play such that the transmit
. lewel will mot exceed +9 dBmO per chamel. '

Lioliolo3o3.li- Basic Group "A" Bquipment (12 KHz to 60 kHz), (See
Pigure I, )

boliolo3o3okol Group "A® Translating Bquipment, The basic Group "A"
- eguipment shell translate the basic group ¥B® chammel to/from & basic
group YAY chamnel,

Yyokolo3o3olsodol CGroup Modwlation and Demodulatiom Plam, The basic
group equipment shell tramslate the frequency of the basic group "Bv
chamel. (60 kHz %o 108 kHz) to/from the basic group "A" chammal (12 kHz
%o 60 kHz), The translated channel shall be single sideband, suppressed
carrier, with upper sideband orientation. The quality of the basic group
A" chemnel will be lower than that of bagic group "B chammel, because
. of ths frequency translatiom process. - ‘

ho’-{bolo3 03 J.MZ Gmup MtiplwWO

bololo3o3ekfe2,1 OCroup Imput/Output Power, The group test tons imput
(per U kAz chawmmel) shell be 34,5 dBr. The group test tone output shall
be =35 dBn (per b iz cheammsl ),

Bokolo3o3olso2,2 Oroup Input/Output Impedances, The grovp imput im-

pedance shall bs 135 Ohms, balanced to growmnd, with a retwrn loss of 20 dB
{D0 26 @B) against a 135 Ohm resistence over ths frequency band of imterest.
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The group cutput impedance shall be 75 Chms, unbalanced, with a return loss
of 20 dB (DO 26 dB) against a 75 Ohm resistance over the frequency band

of interest., It shall be a Design (bjective that 130 Olm and 150 Olm
impedance terminations be provided as strapping options,

,-l oh§103030h o3 Group nglti_plexer.

boltede3e3.403.1 Group Input/Output Power. The group test tone input
(per 4 kHz channel) shall be -25 dBm, The group test tone output shall be
-12 dBn, - ,

boltede3e3sk4e3.2 Group Input/Output Impedances, The group input im-
pedance shall be 75 Chms, unbalanced, with a return loss of 20 dB (DO 26
- dB) against a 75 Ohm resistance over the frequency range of interest., The
' group output impedance shall be 135 Ohms, balanced to ground, with a re-
turn loss of 20 dB (DO 26 dB) against a 135 (hm resistance over the fre-
quency range of interest. It shall be a Design Objective that 130 Ohm and
150 Olm impedance terminations be provided as strapping options.

bohede3.3.40l. Group Insertion Loss and Frequency Response Characteris-

a, Transmit Direction, In the transmit direction, the insertion loss
characteristics shall have a maximum spread of 0.,5:dB. = The test frequen-
cies shall be sent at the test tone level at the GDF in the frequency range
of 60,6 to 107.7 kiiz and measurements made at the HFIF or equivalent point
at the corresponding sideband frequencieas,

Over any band of frequencies corresponding to a L kHz channsl, the
spread shall not exceed 0,3 dB. ’

b, Receive Direction. Im the receive direction the insertion loss
characteristic shall have a maximum spread of 0.5 dB, The test frequencies
shall be sent at the test tone level at the HFDF or equivalent point and
measured at the GIF or equivalent point in the 60,6 to 107,7 kHz band,

Over any band of frequencies corresponding to a 4 kHz channel the
spread shall not exceed 0,3 dB,

lltele3.3.40.5 Group Envelope Delay niet.mian.

a, Tranamit. In the transmit direction the envelope delsy distortion
over the band of frequencies corresponding to a L kHz chamnel in the range
of 64 to 10k kHz shall not exceed 15 microseconds, The delsy distortion
over the & to 104 kHz band shall not exceed 50 microseconds, These
nmeagurements shall be made at the HFIF when sending at the GDF,

b. Receive., In the receive direction the envelope delay distortion
over the band of frequencies corresponding to any 4 kHz channel in the
range of 16 to 56 kiiz shall not exceed 15 microseconds, The delay distor-
tion over the 6 to 104 kHz band shall not exceed 50 microseconds, This
measurenent shall be made at the GDF when sending at the HFDF, ,
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holtolo3o30lo6 Group In Band Noise., With the group translating equip-
ment correctly looped at-the 12-60 kHz side; the-noise occurring in any
noninal ) kHz band, corresponding to any channel, shall not exceed 50
PAp0, ‘ .

boliolo3o30kso? Group Out of Band Noise, With the group translating
equipment correctly looped at the 12-60 kHz side, the total loadsd moise
contribution, of the group translating equipment including group regulat-
ing equipment, in any slot corresponding to any nominal l kHz channel
shall mot exceed 200 pip0. The moise source shall be band-limited to the

60-308 kHz spectrum amd the imput level to the group translating egquipment
shall be equivalent to -5 dBmO per channel,

boltelo3030lso8 Growp Level Stability. With the group translating
equipment correctly loopsd at the HFDF or equivalent point, the group
level stability measured at ths GDF or equivalent point shall be + 0,5 dB
over any 30.-day peried, '

Bolelo3ols Sixty Charmel System. (See Figures S, 6 and 7 (B).)

Boltelo3oltol Group “B" Translating Eguipment, The basic group "B®
translating equipment shall translate S each 48 kHz chamnels (60 kHz to
108 kHz) to/from & basic supergroup chanmel (312 kHz to 552 kHz).

Boltelo3oko2 Group "B" Modulation and Demodulation Plan, In sys'

. consigbting of a large number of chamels, five basic groups (B) are trans-
- lated, by a second modulation process, to adjacent positions in the basic
supergroup frequency band 312 to 552 kHz, The process is imdicated in

= Figure 7, part B, Five group modulating carriers are required, from 420

. to 612 kHiz, These are suppressed, and the lower sidebands, formed by

- modulation of the basic group band, are selected by filters. In this pro-
cess, the sidebands of the individual channels are turned over im frequency
- from the inverted position they eccupy in the basic group (Figure 7, part
. A) so that they are "erect,” with the higher sudio frequencies leceted in
- the higher frequency portion of the i kHz slot occupied in the swpergroup,

hoholoBohoBm Growp Multiplexer,

Boliele3olo3odo  Group Imput/Output Power, The group test tonme imput
ly kHz channel) shall be -34.5 dBm. The group test tone cutput shall
be -18 dBn (per b kHz chamnel),

oliode30lto3,2  Group Input/Cutput Impedances, The group imput im-

- pedance shall be 135 Chms, balanced to ground, with a minimm return loss

- of 20 dB (DO 26 dB) against & 135 Olm resistance over the frequency band
of interest. The group output impedance shall be 75 Chms, unbalanced, with
& minimm retwrn loss of 20 dB (DO 26 dB) against a 75 Olm resistance over
the frequency band of imterest,

It shall be a Design Objective that 130 Ohm and 150 (hm impedance ter-
mindtions be provided as strapping options.
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hoholoBohoh Group Demultiplexer,

Golielo3elii.l  Group Input/Output Power. The group test tone input
(per 4 kHz charmel) shall be -28 dBa, The group test tone output shall
be -12 dBm (per L kHz channel),

h.ls.l.B.h.'h&_ Group Imput/Output Impedance. The group input im-
pedance shall be 75 Ohms, unbalanced, with a minimm return loss of 20 dB
(DO 26 dB) against a 75 Ohm resistance over the frequency band of interest.

The group output impedance shall be 135 Ckms, balanced to ground, with a

minimm return loss of 20 dB (DO 26 dB) against a 135 Olm resistance over
ft.he frequency band of interest, '

It shall also be a Design (bjective that 130 Ohm and 150 Ohm impedance
terminations be provided as strapping options,

h.h.l.B.h.h.B Group Insertion Loss and Frequency Response Character-
istics.

a. Transmit Direction. In the tranamit direction the insertion loss
characteristic shall have a maximm spread of 0,5 dB, The test frequencies
shall be sent at the test tone level at the GIF in the frequency range of
60-108 kHz and shall be measured at the SGDF or equivalent point at the
corpesponding sideband frequency. Over the band of frequencies corres-
ponding to the 4 kHz nominal bandwidth of any chamnel, the spread shall
not exceed 0,15 dB. ,

b. Receive Direction. In the receive direction the insertion loss
characteristic shall have a maximm spread of 0,5 dB, The test frequencies
shall be sent at the test tone level at the SGDF at the sideband frequen-
cies corresponding to the demodulated range of 60-108 kHz for each group
and measured at the GDF or equivalent point, Over the band of frequencies
corresponding to the 4 kHz nominal bandwidth of any channel, the spread
shall not exceed 0,15 dB. ‘

bosol.3.lok.)s . Group Envelope Delay Distortion.

a, The total delay distortion over the band 60 to 108 kHz shall not
exceed 15 microseconds, These measurements shall be made with the equip-
ment looped at the SGIF, sending at GDF and measuring at the GIDF, receive
direction,

b, The total delay distortion over the band 68 to 100 kHz shall not
exceed 5 microseconds when transmitting at the GDF and measwring at the
S0IF, or when receiving at the SGDF and measuring at the GIF,

cs In the transmit or receive direction, the delay dié’odrtion over

any b4 kHz segment corresponding to & chamnel in the range 60 to 108 kHs
shall not exceed 2 microseconds,
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lolsoLo3olsclse5  Group In Band Noise, With the group translating
equipment correctly looped at the SGIDF, the basic moise occurrimg in any
nominal l kHz band, corresponding to amy chammel shall nmot exceed 50 piipO.

bolielo3choli.6  Group Out of Band Noise, The total moise im any slot
corresponding to a channel shall mot exceed 1C0 phipO when the group
translating equipment is correctly looped at the SGIF awnd whens

&, Ome of the groups, imcluding group regulation equipment is loaded
with a 60-108 kHz bandlimited spectrum of white moise at & power l@ml of
=5.0 dBmO, per channel (combined load of +5.8 dBm0) or when

b ALl five groups are sach simmltensously loaded with a 60-108 kiz
bandlimited spectrum of white nmoise at a power level of -5,0 dBmO per
charmel (combined load of +12.8 dBmO),

Beltelo3oltoly.7  Group Level Stability, With the growp tremsleting
equipment properly looped at the SGDF through suitsble level-corrscting
equipment, excluding group regulaticn, the group level stability measure
attheGDF@requivmmshﬂlb@+095d3@rb@tt@rmrm30w
period, This measurement shall bs mads using test tonse level imput to GIF
(transmit directmn) at frequency of 83 kHz.

holsedo3okto P.aa " Group Pilot, When the mmltiplex equipment is required
%o provide a group reference and control momitering pilet, this pilot wm
alweys bs associsted either with the chammsl or &he group w‘m&laﬁmg
- equipment, The group pilot shall be injected Im such & manmer as to be
. presgnt at the Ainput to each group except whem groups are p@tcmd or
switched in tandem. Msans shall be provided for mamually disabling the
group pilot, regulators and alarms, »

h.helo%hoh;ml  Pilot Frequemcy, The graup referemce and combrol
monitoring pilet frequency shall be 104,080 kie + 1 Hs,

boliodo3olioso8.2  Frequemcy Stability, The pilot frequency shall
remain within limits for at least ninety days without adjustment.

 Bolole3okiol.8.3  Pilot Level, The pilot level of the growp refarence
and control monitoring pilet at the GIF or equivelemt point shall bs -20
dBnO with an ad;jusbmnb accuracy of # 0.l dB.

. boliolo3okioly. 8.k  Pilot Level Stability. The level stability of the
group pilot generator shall b@ + 0,3 dB for amy thirty day period.

boliodlo3oktolinB.5  Group Alarm., Inm sdditien to the group alarm feature
specified im Kolelo3okolsoB, a group alarm shall be provided, This alerm
sball always be associated with either the chammel or group translating:
equipment, This alarm shell be activated whem the lwvel of the growp re-
ference pilot varies by more tham * 5.0 dB from 1ts nomimsl
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Loltede3oie5 Through Group Equipment. The through group equipment
shall enable the patching of a basic group "B" demmltiplexer output (re-
ceive) to the input of a basic group "B" multiplexer (transmit). This
patching ability shall provide the capability of relaying without demodu-
lating to the 4 kHz channels and minimizing the channel degradation.

heliele3.4e5.1 ILevel and Insertion loss, The channel test tone level
at the input to the through group equipment shall be -12 dBm. The chamnel
test tone level at the output of the through group equipment shall be -34.5
dBu, The insertion lose measured at 83 kiz shall be 22,5 dB + 0.5 dB,

holile3els.5.2 Impedances, The impedance at the input and output of
the through group equipment, measured over the frequency band of 60,6 kHz
to 107.7 kiiz, shall be 135 Olms balanced with a retwrn loss of not less
than 20 dB when measured against a nonreactive impedance of 135 Chms.
Longitudinal balance shall not be less than 4O dB,

hodtele3.keS.3 Insertion Loss Characteristic. The spread of the in-
sertion loss characteristic over the frequency bamd of 60,6 kHz to 107.7
kiz shall be 1.0 dB maximm. The spread over any 4 kHz channel shall not
exceed 0,5 dB between &4 kHz and 104 kHz., In addition, the spread in the
band of 103.,7 to 10k.6 kHz shall not exceed 0,3 dB,

hokole3.ke5.4 Envelope Delay Distortion. The envelope delay distor-
tion over any L kHz segment corresponding to a chamnel in the range of
68 - 100 kHz shall be not more tham 20 microsecands, The envelope delay
distortion over the 68 kHz to 100 kHz band shall not exceed 40 microseconds.
The envelope delay distortion over the 60.6 kHz to 107.7 kHz band shall not
axceed 170 microseconds. The envelope delay distortion corresponding to
the 600 - 3200 Hz portions of Chanmeles 2 to 11 shall not exceed 4O micro-
seconds, The envelope delay distortion corresponding to the 600 - 3200 Hz

. partions of Charmels 1 or 12 shall not exceed 90 microseconds,

hohele3.4o5.5 Noise and Crosstalk, The total noise and crosstalk in
any slot, corresponding to a channel, shall be not more than 10 pWpO with
the through group equipment loaded with noise at a level of ~5.0 dBmO
per chamnal (except for the channel being measured).

Boltelo3.4e5.6 Level Stability, The level stability shall be + 0.2 dB
for any frequency in the 60,6 to 107,7 kHz range for any 30 day period.

bose1.3.5 Up to 600 Chanmel System. (See Figures 5, 6 and 8.,)

Lhohelo3.5.1 aipergrqup Translating 'lqnipmt.. The basic supergroup
translating equipment shall translate up to 10 eack basic supergroup
chamnels (312 xHz to 552 kHz) to/from a master group,

koho1.3.5.2 Supergroup Modulation and Demodulation Flan, In the -
transmit direction, the supergroup translating equipment shall modulate .
the 60-chamnel basic supergroup (312 to 552 kHg) to cne of the ten super-
group line frequency allccetions shown in Pigure 8, Except for supergroup
2, all supergroups are again reversed in frequency senss by the modulation
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MASTERGROUP TRANSLATING EQUIPMENT
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processes, thus making the individual channel sidebands beccme inverted, ‘
Supergroup 2 is already in the correct position amd is transmitted without
further modulation at this stage. Ite individual channels therefore re-
main erect, In the receive direction, the supergroup translating equip-
ment shall demodulate the 60-channel basic supergroups (312 to 552 kHz)
from the supergroup line frequency allocations shown in Figure 8.

holi.1.3.5.3 Basic Supergroup Maltiplexer.

holtedle3.5.3.1 Basic Supergroup Input/Output Fower, The test tone
input power to the supergroup (per each L kHz channel of the basic group)
shall be -18 dBa, The test tone cutput power from the supergroup (per
each lj kHz channel) shall be -45 dBm,

Laltede3¢543.2 Basic Supergroup Input/Output Impedances, The super-
group input/output impedances shall be 75 (hms, unbalanced, with a minimum
return loss of 20 dB (DO 26 dB) against a 75 Ohm resistance over the
frequency band of interest.

Tt shall also be a Design Objective that 130 (hm and 150 Chm impedance

terminations be provided as strapping options.

holisle3.5.4 Basic Supergroup Demultiplexer,

holtele3.5.k4el Supergroup Imput/Output Power. The supergroup test

tone input (per 4 kHz chamnel) shall be -15 dBn, The supergroup test tone

output (per L4 kHz channel) shall be -28 dBm,

bolsle3.5.4.2 Supergroup Input/Output Impedances, The supergraup in-
put/output impedances shall be 75 Clms, unbalanced, with a minimum retwrn
loss of 20 dB (DO 26 dB) against a 75 Olm resistance over the frequency
band of interest, ' ‘

It shall also be a.Design Gbjective thet 135 Ohm and 150 Ohm impedance
terminations be provided as strapping options.

bohele3.5.5 Basic Supergroup - Insertion Ioss Characteristic,

a, Transmit Direction, The maximm spread in the insertion loss
characteristic in the transmit direction shall not exceed 1.0 dB, The test
frequencies shall be sent at the test tone level at the SGDF or equivalent
point in the frequency range of 312 to 552 kHz ami shall be measured at the
HFDF or equivalent point at the caresponding sideband frequencies. The
naximm spread over the band of frequencies corresponding to a 48 kHz group
allocation shall not exceed 0,5 dB. The maximum spread over the band of
frequencies corresponding to a L kHz charmel allocation shall not exceed

0425 dB when interpolated from the above measurement. ?

be Receive-Direction, The makimmm spread of the insertion loss char-
acteristic in the receive direction shall not exceed 1,0 dB, The test
frequencies shall be sent at the test tome level at the HFIF or equivalemt
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point at the sideband frequencies corresponding te the basic supergroup
frequencies of 312 to 552 ldiz for each supergroup and measured at the SGIF
or egquivalent point, '

The maximum spread over the bend of frequencies corresponding to a 48
kHz group ellocation shall mot exceed 0.5 dB,

The maximun spread over the band of ies corresponding to a b
kiiz chanmel allocation shall not exceed 0,25 dB when interpolated from the
above measurement,

bolsele3.5.6 Basic Supergroup Envelops Delay Distartionm.

&, Transmit Pirection, For supergroup 2 and supergroups b through 10,
- the envelope delay distortion over any L kHz segment corresponding to a
channsl in the range 312 to 552 kHz shall not exceed 1,5 microsecomds, The
envelope delay distortion over the 312-552 kiiz band shall mot exceed 5
nicroseconds,

- For supergroup 1, the envelope delay distortion over any by kHz segment
corresponding to & chanmsl im the range 316 to 552 kiz shall mot exceed l
microseconds, The envelope delay distortion over the 316 to 552 kMz band
., shall not exceed 30 microseconds,

For supergmip 3, the envelope delay distortion over any L kiHz segment
corresponding to a channel in the range 312 to Shl kBz shall not exceed 20
{'microseconds, The envelope delay distortion over the 312-5hk kiiz band
shall mot exceed 28 microseconds.

A These measurements shall be made at the HFIF when transmitted at the
- 800F, .

- bo Receive Direction. The emvelope delay distortion for supergroup
.15 2, 3 and i through 10, respectively, in the receive directiocn, shall
not exceed the values specified sbove for the tramsmit direction. These
measuwrements shell be made at the SGDF when transmitting at the HFDF,

lsoliedo305.7 Basic Supergroup In-Band Noise, With ths sapergrowp
correctly looped at the HFDF, the idle noise measwred in a L kHz alot
corresponding to a chammel allocation shall met exceed SO pWpO,

‘ 4ohele3.5.8 Basic Supergroup Out-ef-Band Noiss, With the super group
“Gorrectly looped at the HFIF or equivalent pcimt, the total loaded moise
contribution of the supergroup translating equipment, including supergroup
regulation equipment, if any, in a ) kHz slot corresponding to @ chammel

- allocation shall not exceed 100 pip0, The noise source shall be band-
limited to the 312 to 552 kHz and the noise input level %o the YErouD
translating equipment shall be equivalent to -5,0 dBmO per channel ic -
bined loed of + 12,8 dBmo), : '

‘holiele3oSs9 Basic Supergrowp Level Stability, With the supergrowp
translating equipment cqrrect]y looped at the HFDF, the supergroup lewel
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stability measured at the SGDF or equivalent poimt (receive directicm)
shall be + 0.5 dB or better over any 30 day period.

Lodiele305.10 Pilot Frequency. The supergroup reference and control
monitor: pilot frequency shall be 315,920 kHz + 1 Hz. The group one
pilot (10l4.080 kHz) translated to 315,920 kHz in the group modulator shall
be used for this pilot.

holiele3.5.10,1 Pilot Level. The pilot level of the supergroup refer-

" ence and control ménitoring pilot at the HFIF or equivalent point shall be

-20 dBa0 with an adjustment accuracy of + 0.1 dB.

holiele3.5.11 Through Supergroup Byuipment, The through supergraoup
equipment shall enable the patching of a basic supergroup demodulator ocut-
put (receive) to the input of a basic supergroup mmltiplexer (tranamit )
This patching ability shall provide the capability of relaying without
demodulating to either the group or 4 kHz channels and minimizing the
channel degradation. '

testh;,h.l;B.E L1 Test 2;;".}" irfl’ow:rtlezeh% and Insertion Gain., The channel -

one power level & input to hrough super group equipment shall

be -28 dBm. I'I;Ifze cuhizmel tegz tgge dgzwermlevel at the output of the through
O - ) i : : '

ﬁg?r%r ﬂ gceL 1pmen ::soh.a.'l.'l..3 & e msertion_ gain, measured at 433

Lolsade3.5.11,2 Impedances, The impedance at the input and output of
the through supergroup equipment, measured over the band 312 to 552 kHs,
shall be 75 Ohms unbalanced. The return loss measured at the input and
output shall be not less than 20 dB,

belsede3.5.11,3 Insertion Loss Characteristic. The spread of the in..
sertion loss characteristic over the frequency band of 312 kHz to 552 kHs
shall be 1.l dB maximum. The spread over any l kHz channel shall not
exceed 0,5 dB maximu, from 316 kHz to S48 kHz,

b.hele3.5.11.,4 Bavelope Delay Distortion., The envelope delay dis-
tortion over any U kHz segment corresponding to a channel in the range of
316 kHz to 548 kHz shall not exceed 30 microseconds. The envelope delay
distortion over the 316 kHz to 548 kHz band shall not exceed 70 micro-
seconds. The envelope delay distortion over the 312 kHz to 552 kHz band
shall not exceed 170 microseconds. -

hese1,3.5.11.5 Noise and Crosstalk., The total noise and crosstalk in
any slot corresponding to a channel shall be not more than 50 pWpO with
the through supergroup equipment loaded with noise at a power level of -5,0
dBm0 per chammel (combined load of +12.8 dBmo ),

lo4e1.3.5.11.6 Level Stability, The level stability shall be + 0.2 dB
for any frequency in the 312 to 552 kHz range for any 30 day perioed,

| 4.4e1.3.6 Overall FDM Performance Requirements. (See Figures Sv‘and 6.)
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lolielo3.6.1 General, The term "set" used in these parformance re-
quirements refers to a complete set of multiplex equipment, including ‘
channel, group and supsrgroup modulator and demodulator equipment with

associated carrier generation and distribution equipment and power supply

equipment, The performance specified herein shall be demonstrated with

the set correctly adjusted for test tone levels indicated inm Figure 6,

a, With the set looped back at the High Frequency Distributing Frame
or equivalent point through appropriate locping equipment and with tests
performed on & back-to-back basis,

b, In those cases where sets having omly ome supergroup, the tests
specified in (a) above shall be conducted with the equipment looped back
at the Group Distributing Frame, (See FPigure 5.)

Bolelo3.,6.2 Insertion Loss Referenced to 1 kHz

Insertion Loss, dB

Frequency Band, Hz Looped at HFIF Looped at GDF
' dB dB
600-21400 + 1,0 LY
1400-3000 = 1.0, + 2,0 = ofy + 15
Bm‘Bhoo had 1009 + 305 - 079 + 3@0
hiselo3.6.3 Envelope Delay Distorticn (microseconds) Relative to Any
Single Frequency Between 1000 amd 2500 Hz, .
Freq band, Hz Microsaconds
Any chamnel, looped at GDF 1000-2500 <110
600-3200 =180
Looped at HFDP
Any chanmel, SG2 & $G4-10 1000-2500 . <117
600-3200 <187
Any channel, SC 1 & 3, Except 1000-2500 <130
Chamnel 1, Gr 1, of SGI 600-3200 <200

and Chaxmel 11 & 12, GRS, 863

lolieloa3e6.ly Accuracy of a Single Frequency, Any single frequency
.between 300 and 3400 Hz injected into any channel at a level of -16 dBa

shall be received at the corresponding chamnsl ocutput with an accuracy of
* 0,10 Hz,

bolielo3,6.5 Loaded Hoise, This test shall be made with all chanmsls,
but ome, loaded with a uniform 300-3400 Hz Gaussian noise signsl at a level
of =10 dBm O, The nonloaded channsl shall be terminated im its character-
istic impedance., The neise, msasured in the momloaded channel output,
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using an appropriately calibrated noise measuring instrument, shall not
exceed 20 dBa for sets looped at the HFIF or 17 dBa for sets looped at
the GDF, Four channels in each group shall be tested sequentially for
loaded noise, with only one channel unloaded at a tims and the remaining
channelsin the terminal loaded.

Lose2 Pulse Code Modulation - Time Division Multiplexing Systems, The
following characteristics apply to time division multiplexed (TDM) circuits
using pulse code modulation (PCM) for transmission of voice and digital
information in quasi-analog form. These standards shall be followed for
TIM-PCM equipments designed for use in tactical communication systems.
(Additional standards will be developed in the future for new digital mod-
ulation techniques where the specific application warrants a deviation from
these standards. )

helte2.1 U kHz Chanmel, The following characteristics are for a single
link when properly terminated. (A single link in this context camprises
a channel which joins two points and wherein the analog signal is coded
into digital form at the originating end of the channel, for transmission
over the entire channel under consideration, and decoded into analog at
the terminating end of the channel.) The characteristics of this L kHz
channel are specified for the four-wire analog inputl and output terminals
of the link,

helse?2,1sl Transmission Levels., See paragraph L.3.5.
helte2.1.2 Test Tone, Same as paragraphs l.3.3.2 and L.3,4.2.

hoso2,1.3 Insertion Loss of Single Link. The nominal insertion loss
of a single lj kHz link at 1000 Hz shail be O dB plus or minus 0,5 dB,

hohe2,1.li Terminal Impedance. ‘Sam as paragraph lh.3.3.3.

helte2.1.5 Crosstalk, The near end or far end signal-to-noise plus
crosstalk ratio in any idle chammel due to full test tone modulation of
any other channel shall be at least 53 dB,

i 4e2.1.6 Idle Channel Noise. The noise measured at the receiving
end, when converted to the sero transmission level reference point on 4 kHz
channel, shall not exceed 30 dBaQ per link using FlA line weighting.

hohe2,1,7 Random Noise, The characteristic of the idle chammsl noise
shall be as close to white noiss as possible. This can be accomplished by
the injection of an appropriate, random noise source into the cammon PAM,
gignals before the PCM coder, at a lewsl which will cause a variation of
one coder level.

bele2,1.8 Input/Output Linearity. The input/output characteristics
of a lj kHz channel shall be linear within plus or minus 0,5 dB (with a
maan of zero) for input signal levels from mimus 4O dBm to minms 4 dBm,
four-wire, (DO)
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bok,2.,1,9 Attemmation vs Frequency. For all frequencies between 200
and 1000 Hz, the attemuation shall be within the limits of -0.5 to + 0.5 dB .
with respect to the attemation at 1000 Hz., For all frequencies between

1000 and 3500 Hz, the attemuation shall be within the limits of -1.0 to

+ 0.25 dB with respect to the attenuation at 1000 Hz. For all frequencies

between 3500 and 36L0 Hz, the attemuation shall be between the limits of

=3.0 to + 0.25 dB with respect to the attemmation at 1000 Hz.

hoko2.1.10  Envelope Delay Distortion. The envelope delay distor-
tion in the frequency band between 600 and 3200 Hz shall not exceed 200
microseconds (150 microseconds Design Objective), and in the frequency
band between 1000 and 2500 Hz shall not exceed 100 microseconds.

kobo2.1,11 Signal-to-Noise (Wuanmtized), (S/Nq) Ratic. With two mmlti-
plex terminals comnected together at the transmission mediuwm in‘berfaces,
the total signal-to-noise (quantized) (S/Mq) ratic of a sine wave signal
at any frequency between 300 and 3400 Hz, when measured between the four-
vwire transmit and the four-wire receive points, shall be as follows:
(See Figure 10)

- Input Signal Minimum Signal to Quantlzmg
dBm Noise Ratio, dB
Do Interim Standard
'hoh 0 gg ig
=iy to =2 :
-20 to -30 25 15 .
=30 to -ho 16 1y .

l.lio2.1.12 Longitudinal Balance. The lomgitudinal balance on a L kHz
‘champel shall be at least 4O dB.

hoh.2.1.13 Total Harmonmic Distortion and Intermodulation Distortion.
The mmltiplexed chanmels shall meet the requirements of paragraphs l.3.2.2.3
and l.3.2.2.h except that im paragraph 4.3.2.2.4 the imtermodulation dis-
%ﬂi@m)m@cts in the specified band shan not emeed =30 dBmD. (D De =
dBm0

lolio2.2 Characteristics of the Multiplex Sigmal. The followmg char-
acteristics apply to the functions of the PCM multiplexer and to the multi-

channel group signal at the interface between the POM multiplexer and the
tramsmssion wmit. (See Figure 9.)

4.k4.2.2.1 Sampling Rate, Each 4 kiz chanmel shall be sampled at a
nominal 8 kHz rate. .

 .)4.2.2.2 Mumber of Digits per Channel, Bach sampled i kHz chamnel
- shall be encoded into a 6-digit binary code with the most significant
digit trensmitted first.

holgo2.2.3 Compander Characteristics. An instantaneous compander shall
be used. The compressor shall have a 3-segment, straight-line, transfer
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characteristic, with breakpoints at levels 15-16 and 47-48. The expander
shall have the complementary transfer characteristic. The compression ratio,
defined as the initial to average slope, shall be 20 dB plus or mims 1.0
dB. The characteristics of this compander are shown in Figure 11 (single
break, positive half only).

The straight line transfer characteristic shown in Figure 11 has been
used in a considerable inventory of equipment. It is; however, a compro-
mise used to simplify metwork design. Comsiderable reduction in quantizing
noise over a wider dynamic range can be achieved if a logarithmic curve is
used as shown im Figure 11. It shall be a Design Objective for future
equipment design to employ the as= 100 curve of Figure 11. The At= 100
curve may be approximated by sufficient limsar segments to achieve the
S/Nq performance of h.h.2.1.11.

-~ h1.2.2.4 Stability of Idle Code. The nominal code lawel correspond-
ing to zero modulation of a chamnel shall be midway between levels 31 and 32.
The chamnel to chammel variation of code level centering at zerc modulation
shell not exceed plus or minus 3 levels, The zero modulation code level of
any channel shall not vary more than plus or minus 2 levels in a 2l hour period,

b.2,2.5 Frame Synchronization. Frame synchronization information
..8hall be added to the PCY output of the mumltiplexer. This information

" shall comsist of 1 address pulse substituted for the least weight pulse of
the last chammel of the chamnel group. The address pulse shall have the
gsame shape and amplitude charactsristics as the remaining code pulses.

hoho2,2.5.1 Address Patterns. Operation with either ome of two ad-
dress patterns shall be provided. One pattern is the binary signal 101010
10=memosceoas and is referred to as a 4 kHz address, as it repeats after
‘two framss or at half/the frame rate of 8 kHz. The other pattern is the
"binary sigmal 11001100-===~cse== and is referred to as the 2 kHz address
-as it repsats after four frames or at one-fourth the frame rate of 8 kHz.

: bolio2.2.6 Alarms, Alarms shall be provided which will indicate loss
of f’rama at the receive terminal.

h.ho2.2.7 Order Wire. An order wire, if used, shall occupy the fre-
quency band below L kHz., It shall provide a signal-to-noise ratio of 30 dB
or better for video signal to noise ratios specified in paragraph L.k.2.2.8.
The mastimum p@ak-%-pea,k deviation of the radio carrier due to operation
of the order wire shall bs 18% of the total traffic dleviatmm, 4 signaling
frequency of 1600 Hz shall be employed.

hoho2.2.8 Signal-to-noise Ratio to Meet Idle Channel Noise Requirements.
Idle channel noise requirements (paragraph l.4.2.1.6) shall be met with a
p@a&zamcp@a.k video-to-HMS moise ratio at the output of the transmission
¥ L as low as 25 dB for binary transmission and 33.5 dB for bitermary
gi@m\o

ko262 °9 Sigaal-to-Noise Ratio to Meet Frame Synchronization Acquisi-
tionm Tims, Hrams ﬂmehmmizatmn acquisition time shall be achieved amd
maintained w%h & peak peak videosto-RMS moise ratio at the ocutput of
the transmission lﬁ.mk as lew as 18.5 dB for binary transmission and as low
23322&753?3 for biternasry transmission. (Paragraphs lh.l§.2.3.3, ko3, 5.3
L™ ] © -]
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hol4o2,3 6 Channel Mnltiplex System.

b.h.2.3,1 Transmission Rate, The transmission rate for the 6 chamel
system shall be 288 kilobits per second,

lolte2e342 Composition of Chamels, In a frame of 125 microseconds

comprising 36 pulses, each channel of the 6 chamnel system except channel
6 shall be allotted 6 consecutive pulses. The first 6 pulses in the frame
shall be allotted to chamel 1, the second 6 pulses to channsl 2, etc,
Pulses 31, 32, 33, 34 and 35 shall be allotted to chaimel 6, and pulse 36
shall be reserved for framing information., The first pulse in each chamnel
shall be the most significant bit of the binary code with subsequent pulses
woighted in descending order. ' ‘ -

belte2¢3.3, Frame Synchronization Acquisition Time. The nominal frame-
in time for the multiplexer receive circuits in a 6 channel terminal shall
be 150 milliseconds or less. As a Design Objective a frame-in time of
10 milliseconds is desirable,

h.b.2.3.4 Frame Synchronization Hold Time. Nominal frame hold time
following complete loss of signal shall be at least 1 millisecond, 4s a
Design Objective a frame hold time of 100 milliseconds is desirable.

helie2.4 12 Channel Multiplex System.

hose2.hol Transmission Rate. The transmission rate for the 12 chamnel
system shall be 576 kilobits per second. ‘

lelse2.402 Composition of Channels. In a frams of 125 microseconds
camprising 72 pulses, each channel of the 12 chamnel system except chamnel
12 shall be allotted 6 consecutive pulses, The first 6 pulseg in the frame
shall be allotted to channel 1, the second 6 pulses to chanmnel 2, etc,
Pulses 67, 68, 69, 70 and 71 shall be allotted to channel 12, and pulse 72
shall be reserved for framing information. The first pulse im each chamnel
shall be the most significant bit of the binary code with subsequent pulses
weighted in descending oxder,

lise2.4e3 Frame Synchronization Acquisition Time. The nominal frame
in time for the mmltiplexer receive circuits in a 12 chammel terminal
shall be 150 milliseconds or less. As a Design Objective a frame-in time
of 10 milliseconds is desirable, '

hose2.ss Prame Synchronization Hold Time, Nominal frams hold time
following complete loss of signal shall be at least 1 millisecond, As a
Design Objective a frame hold time of 100 nilliaeconds is desirable,

h.4.2.5 24 Channel Multiplex System.
hse2.5.1 Transmission Rate, The transmission rate for the 2i chammel
system shall be 1152 kilobits per second, or two parallel and bit synchro-

nous 576 kilobits per second pulse streams at the maltichannel group
interface with the transmission unit, :
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lolso2,5+2 < Composition of Chemnels, The 2ly channel system shall be
made up of twe 12 chammel systems interleaved-om a bit=by-bit basis. Each
12 channel system shall be.composed as described in paragraph boko2olie20

Loks2.503 Frame Synchromization Acquisition Time, The nominal frame-
in time for the 2l channel terminal shell be 300 milliseconds or less, As
a Design Objective a frame-in time of 10 milliseconds is desirable,

bolto2,5.l Frame Symchronization Hold Time, HNominal frame hold time
following complets loss of gignal shall be abt leagt 1 millisecond., As a
Design Ubjective a frams hold time of 100 millisecomds is desirabls,

bolo2,6 U148 Chammel Multiplex System

holio2.60,1 Transmissiom Rete, The transmission rate for the 48 chammel
gystem shall be 230L4 kilobits per sscond,

holse2.602 Composition of Chemmsls. In & frame of 125 microseconds
comprising 288 pulses, each chanmel of the i8 channel system except chammsl
4,8 shell be allotted 6 comsecutive pulses. Ths first 6 pulses in the frame
ghell be allotted $o channsl 1, the sscond 6 pulses to ¢channel 2, etc.
Pulses 283, 284, 285, 286 and 287 shall be allotted to chamnel 48, and
pulse 288 shall be reserved for framing infermation, Ths first pulse in
each channel shall be the most significant bit of the bimary code with
sequent pulses weighbted in descending order.

holyo2:6.3 Frame Synchromizaetion Acquisition Time. The nominal frame-
.. in time for the multiplexer receive circuits im a 48 channel terminal shall
be 1400 milliseconds or less., 48 & Design Objective a frame-im time ef

10 milliseconds is desirable,.

holso2.6.ly Frame Synchromization Hold Time., Meminal frame held time
following complete loss of signal shall be at least 1 millisecond, 4s a
- Design Cbjective a frame hold time of 100 millisecomds is desirable,

bolte2,7 96 Chammsl Mmltiplex System

bolso20701 Transmiseion Rate, The tranemission rate for the 96 chanmel
system shall be 1608 kilobits per sscomd, or o parallel and bit symchro-
nous 2304 kilobit per second pulse streams

with the trensmission wnlt,

bolio20702 Wsﬁ:&i@n of Chammsls, The 96 chammel system frams ghall
be made up of two 48 chamnel systems imterleaved om a bit-by-bit basis,
Each 48 chamnsl system shall be composed as described in paragraph holse2.6.

holio2.7.3 Frame Synchromization Acquisition Time, The nominal frame -
in time for the 96 chamel terminal shall be 800 milliseconds or less., As
a Design Objective & frame-in time of 10 millisecomds is desirable.

kolio2,7cly Frame Synchronizetion Hold Time. The nominal freame hold
time following complete loss of signal shall be at least 1 millisecond,
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As a Design (bjective & frame-in time of 10 milliseconds is desirable,

lelse?2.8 Transmission Chanmels for Maltichamnel PCM Groups. The
following characteristics apply to the wideband input and output terminals
of the transmission facility (see Figure 9)., These characteristics are
dependent upon the transmission medium employed.

boli.2.8.1 Radio Transmission of PCM Groups. The following standards
refer to the interface between the transmission unit if used or the PCM
equipment if a tranamission unit is not employed as shown in Figure 9 and
the radio., Outputs and inputs refer to the transmission unit or the PCM

equipment,

hok.2.8.1.1 Amplitude ve Frequency Response Characteristic, The

| overall baseband frequency response of the radio shall have a gaussian

characteristic to at least the 4O dB point., The nominal system 3 dB

~ bandwidth shall be as given in the following table:

VIDEO BANDWIDTH

Number of 225.1000 4500-5000 L}400-5000
Chamels Mz MHz, 10S MHz, Tropo.
6 235 kHs? - -
12 235 kHz? 210 kHz? 210 Ktz
2 235 kRet 200 xhist 420 kiiz®
48 - 950 kia’ 950 Kfis
96 - 950 kHz -

ROTES: 1 - Biternary transmission
2 - Binary transmission

hoh.2,8,1.2 Phase Response of Video Chammel. The baseband phase
resgonse shall be 40O degrees plus or mimas 10 degrees at 300 Hz, relative
to 1000 Hz,

hee2,8,1.3 Input and Oatput Terminating Impedance. The output cir-
cuits shall be designed to drive a load of 51 Ohms plus or mimus 10
percent,

h.h.2.8.1.s PCM Signal Characteristics. The characteristics of PCM
pulses shall be in accordance with TABLE IV and Figures 12 and 13.

- hohe2.8,2 6/12/24/48 Channel Cable Transmission. The following stan-

dards refer to the interface between the transmission unit and the cable
(see Figure 9). Outputs and inputs refer to the transmission unit,
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’ v PCM and
Equipmentit¢ PCM TIMING Timing
Interface Rise Peak Amplitude Rise Pulse Peak Amplitude Ripple

. and and Widths
(See Fig 9) Fall (Volts) Fall (Volts) (Volts)
Times Times
(hsec) iogic n11|Logic "O" | (nsec) | (nsec) |Logic "1" Logic "Q™
Relative |Relative Relative |Relative |"1" & "O"
to . to to to
Baseline |Ground Baseline |Ground
A toF, AtoD 10 1.7 =2.2 10 80 1.7 =3.0
FtoA; Dto A to to to to to to to + 0.3
AtoB, Btod 120 2.3 -1.8 120 150 2.3 -1.0
# Timing Pulses Lead PCM Pulses by O - 80 nsec PCM Pulse Widths
See Figure 12
: No. of [Modulation| Pulse
s a, D to C: Dipulse, Peak Amplitude 1.6 - 2,0 Volts, |Channels Rate (kHz) |Widths (us)
Pulse Width 180 - 230 reec &
6 288 3.472
b. C to D: 20 - 50 Millivolts peak-to-peak
- 12 576 1.736
c. E to F: 0.5 - 3.0 Volts peak-to-peak
2l 1152 0.868
L8 2304 0.43h
96 4,608 0.217
PCM PULSE CHARACTERISTICS

TABLE IV
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VBI'NARY NUMBER PULSE TYPE

I o | 1 1 11 o | o
+v
1 o POLAR NRZ
RV
UNIPOLAR NRZ (TACTICAL PCM)

2 0 . | (V SHOWN NEGATIVE HERE, V
' COULD BE POSITIVE)

" AERER |
3 o 1 e St e — f BIPOLAR RZ

4 oT— d — DIPHASE NRZ

5 04— f- —

— —_J DIPULSE (TACTICAL PCM CABLE)

A — — :
I UNIPOLAR RZ
6 o1 — L (V SHOWN POSITIVE HERE, V

COULD BE NEGATIVE)

BINARY NUMBERS

! 1 0. | | | (o) | o 0 (o)
. TV -
vl ¥
" NOTES ~

I NUMBERS | THROUGH 6 ARE ALL BINARY SIGNALS
2 NUMBER 7 IS A TERNARY SIGNAL

FIGURE 13
VARIOUS TYPES OF SIGNALS
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hohe2.8.2,1 Input and Output Terminating Impedance. The output cir-
cuits shallhedesignedtodrivealoadofSéansplua o minus 10 percent -
merthebandkmSOOldiztoBHHz.

~ hese2,8.2,2 PCM Signal Characteristics, Dipulse transmission (see
Figure 13) at the 2304 kilobit per second rate shall be used for cable
transmission. In dipulse transmission & signal is sent only when a "ens"
is present, no signal is sent for a "szero." The dipulse signal after
equalization resembles a complete cycle of a simsoidal wave, whose dura-
tion is equal to one unit interval in binary modulation, The first bhalf

" cycle is positive in this case. The characteristics of the PCM pulses

shall be in accordance with TABLE IV axd Figures 12 and 13.

beoho3 Other Time Division Multiplexing Systems., There is already a
considerable inventory of the foregoing 6-bit PCM gystem in military use,
The application of TIM aystems for military use is, however, in early
stages and is expected to increase rapidly in the future., The foregoing
PCM standards are not intended to inhibit edvancements in TIM technology
for military applications and development of new and improved TIM systems
should be pursued, Standards for other THIM systanswill be included when

" available in future 1ssuesofthisstandard

k.5 Radio Circuits.

4.5.1 Gemeral., The radio circuits defined herein are treated from
several points of view, i.e., on the basis of functional anploynenb and
on a frequency band allecation,

4.5.1.1 Radio Regulations, The use of the frequency spectrum is
regulated by international agreements embodied in "Radio Regulatioms,
General Secretariat of the International Telecommmications Union," Geneva,
1959, These regulations are further qualified at the national level
through Government (Interdepartment Radio Advisory Cammittee, IRAC) and
military agencies (Joint Chiefs of Staff, JCS, and mlita.ry Commmication
Electronics Board, MCEB),

For normal peacetime use, the choice and perfomamo of equipment, as
well as frequencies and emissions of any radio system, shall satisfy the
provision of those regulations., Adequate familiarity with the latter is,
therefore, required of designers and users of radio systems,

tion tables, 15 ostabiishod 88 a JoInt miiieny Settur ses uodn m}%noca-
on s, is as a mili ti

Final approval of frﬁauEgncy bands{ooperatmg mod:g aﬁﬁ equipmnt charac
tics rests with the

4.5.1,2 Radio Bmployment. Radio transmittea-s and receivers are employed
in three general types of tactical radio systems: Single channe],i to-
point systems; single channel, radio net systems; and multichanne
The radio -system may be used in tactical loop, link or trunk circults, where
the characteristics of the radio equipment meet the requirements for such
circuits,
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of Bactical radio systems provides for the transmission/reception of woice,
teletype, data, facsimile or amy other type of aignals for which it is
suitable, Simplex/duplex operation may be anployed.

Bo5.1.2.2 Single Channel, Radio Net Systems. This gemral class of
tactical radio systems includes radioc equipments used for net operations
and transmission/reception of voice, teletype, data, facsimile or any
other type of signals for which it is suitable. These gystems usually
operate on the same frequency for send and receive on a push-to-talk or
pushotontype basis.

hoSels2,1 Single Chennel, Point-to-Point Systems. This general class .

be5c102,3 Multichannel Systems, This general class of tactical radio
gystems includes radio equipments used far transmission/reception of multi-
plexed audio channels. This class is subdivided into two general types;
four or less audio chammels, for example, high frequency single sideband
equipment, and more than four audio channels, radio relay equipment.,

lie5.1.3 Imterconnsction of Wire and Single Chamnel Radio Equipments.
The following requirements apply to radio equipments which are to be
comected in tandem to other communication facilities.®

Be5elo3o1 Control Circuits.

YeSele3olol Transmitter Inmput. When the modulstion input circuit is
closed through an extermal circuit having a dc resistance within the range
of 0 Ohms to at least 1000 Chms, the transmitter carrier shall be turned -
on within 1 second of such closure (D0-100 milliseconds), If security .
equipment is to be wmed, the transmitter carrier shall be turned on and
shall reach 50% of £ull rated power within 20 milliseconds (DO-4 milli-
seconds) and full rated power within 50 milliseconds (DO-7 milliseconds)
ef such clomea

: BoScle3.1.2 Remote Control Applique. The remcte control applique (eor
radio set incorporating equivalent features) designed to provide a two-wire
connection for radio transmitter and receiver operation shall confom to

the following requirementso

4o501030102.1 Push-to-Telk Operation (Alternate 'mnauit.-aeceive
Operationd,

14o5:163:102.1.1 Tmpedance, When im the tramsmit or receive condition,
the input and output circuits shall be balanced and have the same terminal
impedance ag that specified for single link or trunk circuits of the same
bandwidth, The retwn loss shall bs a minimum of 20 dB against the nominal
impedance over the bandwidth of interest.

BoSele3alo2:1,2 Transmitter Control. A DG closure placed across the
two-wire lime connected to the remote contrel applique shall provide & dc
chosure to the transmitter imput circuit. The impedance of the two-wire
line permitting suitable operation shall imclude at leest the range O to
1000 (hms DC resistance.’
mwo ®


http://www.abbottaerospace.com/technical-library

' MIL-STD-188C

" heSel.3.1.2.1.3 Wire-to-Radio Ringdown Signaling. Upon receiving a
15 to 25 Hz signal of from 15 to 110 Volts rms via the two-wire line, it
shall provide a dc closure to the transmitter input circuit and shall
furnish a 1600 Hz, +30 Hs, signal of -12 dBm, +2 dB to the modulation
input terminals of The radio transmitter.

 4o5.1.3.1.2.1.s Radio-to-Wire Ringdown Signaling., Upon receiving a
1600 Hz, +30 Hz, signal within the range of -15 to +10 dBa from the come
nected radio receiver, the remote control spplique shall provide a 20 Hz
+5 Hz signal of not more than 110 Volts rms to the two-wire line, The
20 Hz power source shall be capable of delivering 1.75 W to & 2000 Chm load,

h.5.1.3.1.2,2 Full-duplex Operation.
lie5Se1e301e2.2.1 Impedance. The input and output circuits shall be

balanced and have the same terminal impedance as that specified for single

link or trunk circuits of the same bandwidth, The return loss shall be a
minimun of 20 dB against the nominal impedame over the bandwidth of
interest,

BeSele3e1e2,2.2 Transmitter Control and Common Battery Signaling,
When a common battery telephone instrument is commected to the two-wire
line terminals of the remote control appligque, the dc closure provided by
the telephone instrument shall cause the remote control applique to pro-
vide a dc closure to the transmitter inmput circuit, and the remote control
applique shall generate and furnish a 1600 Hz +30 Hz signal of -12 dBbam,
+2 dB to the modulation input terminsls of the radio transmitter for a

‘Guration of at least 3 seconds but not more than 5 seconds., The impedance

of the two-wire line permitting suitable operation shall include, at least,
the range 0 to 1000 Olms dc resistance.

Be5e1e3e1s2.2.3 Wire-to-Radio Transmitter Control Ringdown Signaling.
When the remote control applique is commected to a telephone or switch-
board which originates ringdown signals, a 15 to 25 Hz signal of from 15
to 110 Volts rms applied to the two-wire line shall provide a dc closure
to the tranmmitter input circuit and the remote control applique shall
simultanecusly generate and furnish a 1600 Hz signal of -12 dBm +2 dB to
the modulation input terminsls of the radio transmitter far a duration of
at least 3 seconds but not more than 5 seconds.

Bo5.1.3.1.2,2.l4 Radio-to-Wire Tramsmitter Control and Common Battery
o When connected to a2 coumon battery switchboard line circuit
and upon receiving a 1600 Hg, +30 Hz, eignal within the range of -15 dba
to +10 dBa from the commected radio: -receiver, the remote control applique

‘ghall provide a dc closure across the two-wire line and shall provide a dc

closure to the comnected transmitter imput circuit,

4.5.103.1.242.5 Radio-to-Wire Transmitter Control and Ringdown Signal-
ing. When commected to a telephone or switchboard which responds to ring-
down signals and upon receiving a 1600 Hz, +30 Hz signal within the range
of -15 to +10 dBa from the conmected radio receiver, the remote contral
applique shall provide a 20 Hz +5 Hz signal of not more than 110 Volts rms

15
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to the two-wire lins amd shall provids a dec closure to the commected trans-
nitter imput circuit. The 20 Hz power source shall be capable of deliver-
ing 1,75 W to a 2000 Cim load.

boSolols Crder Wire (Multicharmel Equipment), Comsmunication channsls
2y in same cases be used for order wire purposss. If a separate ordsr
wire is provided and brought out at the radio relay terminals snd repsaters,
the following design practices are recommended:

BoSololicl Frequency Division Multiplex Systems (FIM). The order wire
should be inserted and transmitted at awdio frequemcies (below L kHz), Low
pass filters are required to pravent the order wire chamnel from interfering
with the obher channel]

R

loSolelio? Time Division Multiplex Systems (TIM), The order wire shall
be inserted as am amplituds modulation of the TIM pulse train., The video -
chamnel provided by the TDM radio relay, as msasured at the receiver out-
put, shall hawve a roll off below 300 Hz and the phase angle at 300 Hz shall
be 40° + 10° with respect to the phase amgle at 1000 Hz. The bandwidth of
the TDM order wire shall be limited to the band between 300 Hz and 1800 Hz,

oSolcko3 Amdio and Baseband Characteristics. Order wires are re-
quired to provide the minimum tranemission quality for reliable maintenance
of the terminals and repeaters. Input amd output powers and impedances
ghould in generel follow those spscified for merrow band, radic net systems,
The bandwidths should bs reduced to a maminal 300 to 1800 Hz for time
division multiplex systems, HNOTE: Wheare order wires are reqQuired to be
extended over long distemces fram tl2 radic relay terminal or where a large
mumber of radio relay mﬁt@m are required between terminals the standards
given for Time Divisiom tiplex Systems may not provide satisfactory
transmission. In such cases order wires shall be specially emgineered to
Lulfil) the maximm system requirements. :

boSoLoliols-  Taput Cheracteristics,

Bo5ololtolyol ~Imput Iupedamce, An imput circuit, with a nominal im-
pedance of 150 Olms over the fregquemcy range of 300 to 3400 Hz, shall be
provided, It msy be unbalemced to groumd, The return loss shall be a
minimen of 20 dB against & 150 Ohm resistemce over the frequency range.
When the andio imput is remoted from the radio set, the preferred imput
impedance shall be 600 Ohms, belanced, over the frequency range of 300 Hz
to 3400 Hz. The return loss shall be a minimm of 20 dB against the
newinal impedance over the frequency range. ‘

koSeloliolio2 Audio Imput Signsl Power, The nominal input level, when a
microphons is commected directly te the radio set, shall be the mpen power
output of the associsted microphoms, (Fer dynzmic microphones, the output
power is approkimately -56 dBm). Whem the microphone is remoted from the
radio _set, the composite amdio imput of speech shall have s mean power of
<10 dBm, cbbaimed from & distributicn with a mean volume of -10 v with a

ECR[0

Fogn d@m‘ti@ﬂm of 5 mo
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k.5.1.4.5 Output Characteristics,

‘ - 4o5.18.5.1 Output Impedance. The output impedance of receivers
shall be 600 Chms, balanced to ground, with & minimum return loss of"
-~ 20 dB, against a 600 Olm resistance, over the frequency range.

lo5.1.4.5.2 Output Power. The output power that the receivers de-
liver to headsets, handsets and/or for purposes of remoting shall be
‘ contimiously variable from -20 dBn to O dBa, The output power that the
- receivers deliver to loudspeakers, shall be contimiously variable from
10 dBa to 30 dbm,

4e5.1.5 Single Channel Radio, Frequency Shift Keying.

~ he5e.1le5.1 Frequency Shift Facsimile, The radio frequency shift shall
be 800 Hz., The white (maximum) signal shall shift the radio carrier fre-
quency by 4OO Hz in a lower direction and the black (minimum) signal shall
shift the radio carrier frequency by 40O Hz in a higher direction. The
shift in frequency shall be linear with respect to the voltage or amplitude
of the modulating signal. - -

4.5.1.5,2 Frequency Shift Keyed Teletypewriter, 850 Hz., The mark
frequency shall be 1575 Hz, plus/mimus 50 Hz (DO plus/mimms 25 Hz), The
space frequency shall be 2425 Hz, plus/minus SO Hs (DO plus/minus 25 Hz).

h.5.1.5.3 Frequency shift Keyed Teletypewriter, 85 Hz, Far speech
Plus single chanmel TTY operation, the 2805 Hz cemter frequency shall be
. used. For in band frequency diversity operation, the 1445 Hz and the 2805
2 o :.lzafcen:grhfieggencies shall be used, For multichannel teletype operation
er oielel, .

he5.1.5.4 Double Frequency shift Keying. For double frequency shift
or 8imilar systems, the following signaling sense shall be employed: -

CHANNEL A S F, or highest frequency
CHANNEL B S

'CHANNEL A S F,

"CHANNEL B M '

CHANNEL A M F.

CHANNEL B s °

CHANNEL A M Fh or lowest frequency
CHANNEL B M

4.5.1.6 HElectr tic Interf BMI tr 1 - i~
wiey () mﬁ. c erence (EMI)/Electromagnetic Compa |

4.5.1.6,1 BEquipment., Any item including subassemblies and parts,
serving functionally in electromagnetically generating, transmitiing,
conveying, acquiring, receiving, storing, processing or utilizing
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information in the broadest sense shall meet the appropriate requiremenbs
of ME—S‘I‘D-MI except as specified herein,

le5.1.6,2 Subsystems and Systems. Systems and associated subsystems
shall be designed to achieve intra and inter system electramagnetic com-
patibility. There shall be neither unacceptable responses nor malfunctions
in any item of the system or subsystem beyond the tolerances established
by the individual material specifications.

.5.2 Extremely Low Frequency Band (Below 300 Hz), Formulation de-
ferred pending establishment of a need for technical standards.

lieS+3 Infra Low Frequency Band (300 Hz - 3000 Hz), Formulation de-
ferred pending establishment of a need for technical standards,

.54 Very Low Frequency Band, VIF (3 kHz - 30 kHz)., The very low
frequency (VLF) band is employed primarily for broadcast in the Maritime
Mobile Service and for limited long haul communications of a t.acticaﬂ.
basis,

LeSeltel 'Frequency Coverage, HNquipment shall be capable of hav'mg its
carrier tuned and aligned, over the frequency range of the equipment,
- steps of 10 Hz at integral 10 Hz frequency increments.

bo5.4.2 Frequency Tolerance,

ho5.he2,1 Frequency Calibration Resolution., The frequency adjustment
~ control of a transmitter and receiver shall permit either equipment to be
- periodically calibrated or aligned within 1 part in 107 of any dasignated
: frequencyo ‘

leSelse? .2 Frequency Stabﬂity, The frequency stability of the equips
ment, with respect to the initial frequency, shall be within 1 part in 105
per day, S parts im 109 during the first 30 days after caljbration. The
© stability shall not be degraded by more than ly parts in 10° per each 30 day
period thereafter,

BkoS.l402.3 Phase Jitter., The phase difference averaged over any wo
successive 10 millisecond periods (13.33 millisecond periods may alsc be
used) shall not exceed 20 degrees for noncoherent systems and 3 degrees for
coherent systems when measured between the signal input and output termi-
nals of a transmitter or a receiver., Measwrements shall be performed for
at least 100 sample time periods,

‘ lieSelie3 Carrier Noise Level, Hum, ripple or other extraneous noise on
: ::e ;arrier shall be at least 4O dB below the ummodulated or CW carrier
vel,

h.S.h.h mectromagnetic Campatibility Requirements. The equipment
zh;ll rgeet the electromagnet.ic compatibility req\ﬁrmenbs of paragraph
[ ] 010 o
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he5.se5 DC Digital Interface Characteristics. The information band-
width is limited in this frequency band. The transmissions/receptions are
gensrally FSK or CW., The radio equipment shall interface with the DC digi-
tal transmitter/receiver in accordance with the requirements of the Standard
Interface (Low Level), paragraph 7.2.1.

hoSJs.6 Modulation, The transmissions are genera:LlLFSK ‘(‘b
band frequency modulation (NEFM)) where data may correla

cy state or RF signal phase, such that the waveform is always con-
tinmuous, although CW (amplitude rmodulation) may be employed. It is antif-
cipated that analog NBFM techniques will be used in future communication

. gystems,

loS.le6.1 FSK Modulation Tndex, The modulation index shall be 1.0 for
phase coherent transmission (0.5 Design Objective),

heS.e6.2 FSK Response vs Frequency. The frequency response of the -
radio set (back to back) shall be plus or minus 1.5 dB over the FSK modula-

tion range.

heS.s.6.3 PSK Frequency Accuracy. The FSK frequency accuracy for a
phase coherent transmission shall correspond to the frequency tolerance
req;.:iremetrba of 4.5.4.2 and for noncoherent transmission shall not exceed
+10%.

BoSelebelt Modulation Rate, The standard modulation rate shall be 50
baud. (100, 200 and 800 baud shall be a Design Objective.)

be5.4¢7 Necessary Bandwidth, The necessary bandwidth in Hz for FSK
tranamission shall be twice the tranammission rate in bauds for a modula-
tionindexoflOandequaltothe transmission rate in bauds for a modula-
tion index of 0050

4.5.5 Low Frequency Band (30 kiiz - 300 knz)'. The low frequency (ILF)
band is employed for a limited amount of tactical communication services.
This usage is restricted by the limited information bandwidth inherent to

this frequency band,

It is common for military LF communication receivers to cover a portion
of the IF band as well as to cover a portion of the VLF band, The military

ILF commnication transmitter gemerally covers a narrower range of frequen-

cies than does tha ILF commnication receiver.

lie5.5.1 Frequency Coverage, Bquipment shall be capable of having its
carrier tuned and aligned, over the frequency range of tke equipment, in
steps of 10 Hz at integral 10 Hz frequency increments, :

he5.5.2 Frequency Tolerance.
14.5.5.2.1 Frequeacy Calibration Resolwtion. The frequency adjustment
control of a transmitter and receiver shall permit either equiment to be
periodically calibrated or aligned within 1 part in 109 of any designated
fmmmy.
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1o5.502.2.. Frequency Stability. The frequency stability of the equip-
ment, with respect to the initial frequency, shall be within 1 part in 109
per day, 5 parts in 108 during the first 30 days after calibration. The
stability shall not be degraded by more than l parts in 10V per each 30 day
period thereafter.,

11e50502.3 Phase Jitter, The phase differences averaged over any two
successive 10 millisscond periods (13.33 millisecond pericd may also be
used) shall not exceed 20 degrees for noncoherent systems and 3 degrees
for cohsrent systems when measured between the signal input and outpub
terminals of a transmitter or a receiver, Measurements shall be performed
for at least 100 sample pericds,

be5.50,3 Carrier Noise Isvel, Hum, ripple or other extraneous noise
on the carrier shall be at least 40 dB (50 dB DO) below the unmodulated or
CW carrier level, '

beSe5.h Electromagnetic Compatibility Requirements, The equipment
zh;]l zgeet the electramagnetic compatibility requirements of paragraph
) 010 o . )

4.5.5.5 DC Digital Interface Characteristics. The information band-
. width is limited in this frequency band, The transmissions/receptions

' are generally FSK or CW., The radio equipment shall interface with the DC
digital transmitter/receiver in accordance with the requirements of the
standard interface (low level), paragraph T.2.l. ’

¥ ko5.5.,6 Modmlation, The single chamnel transmissions are generally
' FSK (binary narrow band frequency modulation (NBFM)) where data may corre-
late with either frequency state or RF signal phase such that the waveform
is always contimmous, although CW (amplitude modulation) may be employed.
Up to eight FSK chammels may be multiplexed onto the carrier, using single
sideband (SSB) techniques, at the high end of the frequency band, The
current type of multiplexing is Frequency Division Maltiplexing (FDM). It
is anticipated that analog NBFM techniques will be used in future commmi-
cation systems, '
4e5.50.601 FSK Modulation Index, The modulation index shall be 1,0

(0.5 D0) for phase coherent transmission,

Be5e5s662 FSK Modulation Deviation. The modulation deviation shall
be from plus or mimus 10 Hz to plus or mimus 200 Hz for noncoherent modems,

be5.5.60.3 FSK Response vs Frequency, The frequency response of the
radio set shall be plus or minus 1.5 dB over the FSK modulation range.

Le5.5.6.4 Modulation Rate. The equipment shall have the capability of

modulation rates of 50 and 75 baud per chamnel. (100, 200 and 800 baud
Design Objective, )

1.5.5,7 Necessary Bandwidth. The necessary bandwidth for single
charnel LF transmission shall be 500 Hz, maximm, The necessary bandwidth
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for 8 channel SSB transmissions shall be 1500 Hz, maximm.

be5.6 Medium Frequency Band (0.3 MHz - 3 MHz), The medium frequency
(MF) band is primarily utilized for broadcasting purposes., However, cer-
tain segments of this band are used in military commumication services.
Assigned bandwidths, in accordance with Appendix A, may be wp to 12 kHz,

It is comon for military high frequency (HF) commmnication equipment
to cover the 2 MHz to 3 MHz portion of the MF band, In this event, the
performance standards of the high frequency band shall apply to the extend-
ed frequency coverage. ,

he5.6.1 High-Low Performance EBquipment. High performance MP equip-
ment can be utilized in radio loops or in radio nets, where the character-
istics of the equipment meet the cammmication circuit requirements., ILow
performance MF equipment may be employed in radio loop circuits or in those
tactical radio commmication facilities which are self supporting. The
low performance equipment must be able to operate with high performance
equimment in a radio loop circuit or radio net; although the chammel
quality of the commmnication circuit may be degraded. It is a Design
Objective that all mmltichammel MF equipment shall meet the high perform-
ance requirements, C

h.5.6.2 Frequency Coverage. Equipments shall be capable of having
its carrier tuned and alignsd over the frequency range of 0.3 MHz to 2
MHz, or its operating frequency range, in steps not greater than 10 Hz at
integral 10 Hz frequency increments, BSguipments shall be capable of
having its carrier tuned and aligned over the frequency range of 2 MHz to
3 MHz in steps of 100 Hz at integral 100 Hz frequency increments for high
performance equipment, Steps of 1 kHz shall be optional in lieu of 100 Hz

for low performance tactical equipments wher izge and
make the 100 Hz steps impracticals ® sise and welght constraints

4.5.6.3 Frequency Tolerance,

le5.6,3.1 Frequency Calibration Resolution. The frequency adjustment
control of a transmitter and receiver shall permit either equipment to be
pariodically calibrated or aligned within 1 part in 10Y for high perform-
ance equipment and S5 parts in 107 Zor low perfarmance equipment of any
designated frequency,

}e5.6.3.2 Frequency Sbgbility.

4.5.6.3.2,1 High Performance Equipment. The frequency stability of
the high performance e?uipnent, with respect to the initial frequency, shall
be within 1 part in 107 per day, 5 parts in 107 dwring the first 30 days
after calibration., The stability shall not be degraded by more than ki parts
in 108 per each 30 day period thereafter.

le5.64302.2 Low Performance Equipment. The frequency stability of the
low performance quiognsnt, with respect to the initial frequency, shall be
within 5 parts in per day, 1 part in 10° during the first 30 days after
calibration. The stability shall not be degraded by more than )4 parts in
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106 per each.30 day period thereafter.

1,5.603,3 Phase Jitter, The phase difference averaged over any &wo
successive 10 millisecond: periods (13033 millisscond-periods may also be
used) shall not exceed 5 degrees (DO - 2.5 degrees) when measured betwesn
the signal imput and output terminals of a transmitter or a receiver.
Measuremsnts shall be performed for at least 100 sample time periods,

l.5.6.ls Electromagnetic Compatibility requirements, The equipmsnmt
gh;ll ngeet the @lectrmnagmtic compatibility mqmremema of pa.ragraph
L] 010 °

bo5+6.5 Mi.crophona/ﬂeadset Circuit, The imput and output cheracter-
istics of the microphons and headset circuit,when reguired, shall be in
accordance with the requirements of paragraphs leS.lolio.)s and 4o.5.1.ke5.

leSe6.6 Andio Input/Cutput Impedence, The audio imput and output
impedances of the MF equipment shall be nominally 600 Ohms balanced to
‘ground with a minimun return loss of 26 dB (20 dB for dow performance
equipment (DO - 26 dB)) against a 600 Olm resistance over the frequency
range of 300 Hz to 3000 Hz on nominal 3 kHz channels, The electrical
balance shall be sufficisnt to suppress lomgitudinal currents at least
4O dB below ths reference signal lewsl,

1:5.607 Aumdio Input Signal Power, The test tone input to each audio
channel shall be -10 dBm. The composite audio input of speech to each
audio charmel shall have & mean power of -10 dBm, obtained from & dis-
tribution with a mean volume of -10 wu with a standard deviation of 5 wu.
The multitone power, fram multichammel carrier telegraph, fed to sach
audio channsl shall be -10 dBs, The amdio imput of each tone shall be
equal to <10 dBm -10 log t, where t is the number of tones,

1.5.6.8 Aundio Output Signal Power., Refer to paragraph 4.5.7.8.

1o5.,6,9 RF Output/Input Impedances, The radio frequency (RP) output
and input impedance for the high performance MF radio set shall be a
nominal 50 Okms, unbalanced (optional for low psrformamce MF radio set).

1:50,60,10 HModulation,

1805060101 Amplitude Modulation,

4e5:6440,1o1 Carrier Noise Level. The detected output voltage obtained
from an unmodulated carrier shall bs at least 50 dB (60 dB DO) below the
datected output voltege obtainsd from the carrier 90% modulated with a 1000
lﬁz tons, ILow performance equipment shell be at least 1O dB (50 dB DO),

4e5,6,10,1,2 Modulation, When & zerc dBm awdio signal at amy frequency

between 300 Hz ard 3000 Hz is applied to the awdio imput circuit, the RF
carrier output at rated cutput level, shall be modulated at lsast 95%.

122


http://www.abbottaerospace.com/technical-library

WIL-STD-188C

445.6610,1,3 Harmonic Distortion. With any audio input frequency be-
tween 300 Hz and 3000 Hz, and with the audio input adjusted for 90% modu-
lation, the total harmonic distortion at rated power output (RP - trans-
mitter, Audio - receiver) shall not exceed -25 dB (~20 dB for low perform-
ance equipment ) with reference to a detected output voltage obtained from
the carrier, 90% modulated with a 1000 Hz tone, The Design (bjective shall
be at least 4O dB below the reference level, o

4.5.,6.10.1.4 Intermodulation Distortion. With any two equal level
audio input frequencies between 300 Hz and 3000 Hz, and with the aundio
input adjusted for 90% modulation, the intermodulation distortion products
at rated power output (RF - Transmitter, Audio - receiver) shall not exceed
-38 dB (»30 dB for low performance equipment), with referemnce to a detected
output voltage obtained from the carrier, 0% modulated with a 1000 Hz tone,
The Design Objective shall be at least 4O dB below the reference level.,

B.5.6.10,1.,5 Attemuation vs Frequency (Audio), The nominal 3 dB
points for the radio channel shall be at 300 Hz and 3000 Hz, For all fre-

. quencies between 325 Hz and 1000 Hz, the attemuation shall be within the
limits of -1 dB and +2 dB, with respect to the attemuation at 1000 Hgz.
For all frequencies between 1000 Hg and 2950 Hz, the attemuation shall be
within the limits of + 1.5 dB, with respect to the attenuation at 1000 Hz.
It shall be a Design Ubjective that the attenuation be within + 1 dB for
a%llfmquencies between 325 Hz and 2950 Hz, with respect to the attemmation
at 1000 Hz,

k.5.6,10.2 Single Sideband,

 he5.6.10.2.1 Single Sideband Emissions. The designation of single
~ sidebahd (SSB) emissions and bandwidth characteristics shall be in accord-
ance with Appendix A, The displayed frequency shall be that of the carrier,
whether suppressed or not. ‘

4.5.6,10,2,2 Operating Modes.,

4e5.6.10,2.2,1 High Performance Equipment. The equipment may accom-
modate up to a maximum of four nominal 3 kHz channels by using mltiplexing
techniques., Figure 1 shows fowr chammsl operation that has equal band-
widths and is compatible with the phase delay and amplitude characteristics

specified for high performance equipment,.

445.6010.2.2,2 Low Performance Equipment., Low performance equipment
shall have the capability of single chamnsl, upper sideband operation. The
equimment may also have the capability of both upper and lower sideband
operation, (With the option of simultaneous operation.) .

4o5¢6.10,2,2,3 Carrier Level Control, SSB, The carrier level comtrol
shall provide for a minimum selection of the following levels of the re-
ingerted carriers + 1 dB, 10 dB, 20 dB; and maximum suppression with
reference to the output level of a single tone modulating the equipment to
rated noise power (pn) output.
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5.6,10.2,2.3,1 Reduced Carrier Level (A3A, for example). The re-
eﬁ carrier level shall be either 10 or 20 dB (selectable) below the
output level of a single tone modulating the equipment to rated noilse

power (pn) output. -

145.6410.242.302 Suppressed Carrier level (A3J, for example), The
suppressed carrier level shall be at least 50 dB (60 dB DO) for high per-
formance equipment and at least 4O dB (50 dB DO) for low performance
equipment below the output level of a single tone modulating the equipment
to rated noise power (pn) output.

h05060m02020303 Fall Carriler level (A}H, for exan:ple). The full
carrier level shall be approximately plus 1 dB above a single tone modulat-
ing the equipment to rated, noise power (pn) output.

5:5.6010,2,2.3.4 AM Compatibility, The capability of the equipment

for compatible AM operation is required for high performan .
(optional for low performance eq%ment'). 187 perio ce equipment

. @.5.6.10.2.2,& Independent Sideband., Equipment, that has the capability
of simultaneous independent sideband operation, shall be required for all
high’ performance equipment. :

Be5¢6010,2.3 In Band Distartion,

445.6410,2.,3,1 High Performance Equipment. The noise power ratio
(NPR (SSB)) shall be at least 4O dB (43 dB DO) when the equipment is
loaded to rated noise power (pn) cutput with the specified noise signal
(8)s (See paragraph 9.3).

14.5.6.10.2,3,2 Low Performance Equipment. The noise power ratio (NFR
(SSB)) shall be at least 30 dB, when the equipment is loaded to rated
noise pom;r (pn) output with the specified noise signal(s). (See para-
graph 9.3

be5.6.10.2.k Out-of-Band tral Bnissions. When the transmitter is
loaded to rated noise power (pn) output with the specified noise signal(s)
(see paragraph 9.3) in each audio channel, the power spectral demsity of
the out-of-band emission shall not exceed the level established by straig
lines connecting the points given in the following table: ‘

Attenuation Below

Frequency Measurement In-band Power Density

High Performance Equipment: (See Figure 15) Standard DO
fm=rc:(_1%_§+50011:) ko aB 43 dB
£ =2 +1,0B | 45 dB L8 aB
£ =L, +25B ~ 60 dB 65 dB
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: Attermation Below
Frequency Measurement In-band Power Density

. High Performasnce Bquiphemt: (See Figure 15) Standard DO
2e + 4.0 B { £, 1.05 £

| | 704B 80 dB
95 fc> fm>ffc - 4.0 B ‘
Low Performance Bquipment: (See Figure 16)
2, = £, * (1.0 B + 500 Hz) 30 dB 30 dB
g
£, =2, *1.0B 35 dB 35 4B
fmfcizosb ’ ) | 2&5‘13 SOdB

£+ 4,08 £ 1,05 ¢
or G <m< ¢ S0 dB 60 dB

0.95 f-c> fny fo = 4s0 B

- where

£, @ frequency of measurement

£, = center frequency of necessary thm
B = necessary bandwidth

: 1e546,10,2,5 Discrete Frequemcy Spurious Emissions, When the trans-

mitter is loaded with & single tome in each andio chamnel to rated noise
power (pn), output, the in-band and out-ef-bamd (£, + 5% £,) discrete fre-
quency spurious emissions shall be at least 80 dB below the reference
single toms output for high performance equipment, and at least 60 dB
below the reference single tone output for low performence equipment.
NOTE: MIL-STD-61 specified the out-of-band emissions for bandwidths
greater than £, + 5%,

4e5060,10,2,6 Amplitude - Frequency Response (Audio).

1e5,6,10,2,6.1 High Perfarmance Equipment (Transmitter and Receiver,

- Respectively), The maximum variation between 250 Hz and 3100 Hz shall be
1 dB. The attemuation shall be not less than L0 dB at 50 Hz apd 3250 Hz. _
The attenuatian shall be not less than 60 dB at 3550 Hz and higher fre-
quencies and at £, - 250 Hz and lower frequencies, See Figure 17,

11.506,3.0,2.6,2 Low Performance Byuipment (Transmitter and Receiver,
Respectively), The maximm veriation between 530 Hz and 3050 Hz shall be
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2 dB and from 350 Hz to 530 Hz shall be 3 dB. The attennation shall be at
least30dBfrom0Hz(f)tof -'300 Hz, The attemmation shall not be
less than 60 dB at 4000 zandgigherfrequenciesandatfo-BOOHzand
lower frequencies, See Figure 18.

1e546610,2,6.3 One/Two Channel Equipment (Digital). The maximum
variation between 300 Hz and 3050 Hz shall be 1.5 dB and from 3050 Hz to
3200 Hz shall be 3 dB, The atteruation shall be at least 20 dB fram (fo)
- 415 Hz., The attemuation shall be at least 4O dB from £, - 415 Hz
to fo 1500 Hz and at least 60 dB below f, - 1500 Hz. The attem:atim
ahallbeatleashBOdBfrothOOHztoSOOOHzauiatleastf»OdBabove
5000 Hz. See Figure 20,

4.5.6.10.2,7 Eavelope Delay Distortion.

4.5.6,10,2,7.1 High Performance Equlment (Transmitter and Receiver,
Respectively), The envelope delay distortion characteristics shall be in
accordance with the following: (See Figure 17, )

@, Maximm envelope delay distortion of 500 microseconds from 300 Hz
to 3020 Hz,

b, Maximm envelcpe delay distortion of 100 microseconds for any
100 Hz frequency incremsnt between 300 Hz to 3100 Hz,

¢, The absolute delay is not to exceed 8 milliseconds (DO - 4 milli-
seconds) over the frequency range of 300 Hz to 3020 Hz (relative to the
carrier frequency). .

1e56601042.72 Low Performance Equipment (Transmitter and Receiver,
Respectively). The envelope delay distortion characteristics shall be in
accordance with the following: (See Figure 18,)

a., The envelope delsy distartion,with reference to the delay at 825 Hs,
shall not vary more than mimus 300 microseconds to plus 500 microseconds
from 825 Hz to 2750 Hz,

b, Maximm envelope delay distortion of 150 microseconds for any 100 Hz
frequency increment between 750 Hz to 2750 Hz.

c. Maximum envelope delay distortion of 250 microseconds from 2750 Hz
to 2850 Hz.

‘o 7¢51. H;ﬁaxmmn envelope delay distortion of 350 microseconds fram 600 Hz
0 Hz,

e, Theabaolutedalayisnottoeatceed6ndllieeconda (DO - 2 milli-
seconds) over the frequency range of 600 Hz to 2750 Hgz.,

4.5.6,10.2,7.3 One/Two Channel Equipment (Digital). The envelope

delay distortion characteristics shall be in accordance with the following:
(See Figure 20, )
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a, Maximum envelope delay distortion of 500 microseconds from 800 Hz
to 3050 Hz. o .

b. Maximum envelope delay distortion of 900 microseconds from 495 Hz
to 800 Hz,

c. The absolute deiay is not to exceed 2.5 milliseconds (DO - 2 milli-
seconds) over the frequency range of 495 Hz to 3050 Hz. 3

h.5¢6.ll Necessary Bandwidth, The necessary bandwidths for medium
frequency band emissions shall be as follows: :

Amplitude Modulation:
Single Channel Voice 6 kHz, maximum

Single Sideband Modulation:

Single Channel ‘ 3 kHz or 6 kHz, maximum
Two Channels 6 kHz or 12 kHz, maximum.
Four Channels 12 kHz, maximum

45,7 High Frequency Band (3 MHz - 30 MHz)., The high frequency (HF)

.- band is utilized for point-to-point, and ground-to-air tactical military
- communications. In military equipment extension of the frequency coverage

to 2 MHz is common. Several modes of propagation are utilized: The iono-

- spheric refraction mode (single or mmlti-hop) is capable of sustaining

service of up to 5,000 miles in range, but varies due to such natural
phenamena as sunspot activity and auroras. The ground wave mode is used for ‘
. short range communications up to several hundred miles. Ground eguipment
for ground-to-air service is fundamentally identical to other HF equipment,
In the military, the preferred form of emission in this band is SSB.

4.5.7.1 High/Low Performance Equipment., In the high frequency (HF)
. band, channel assignments are nominal 3 kHz bandwidths, High performance
HF equipment can be utilized in radio loop, link, or trunk circuits where
the characteristics of the nominal 3 kHz chamnel will meet the communica-
tion circuit requirements. Low performance HF equipment may be employed
in radio loop circuits or in those tactical radio communication facilities
which are self-supporting in the sense that they rarely connect into other
communication systems. The low performance equipment must be able to
operate with high performance equipment in a radio loop circuit or radio
.net; although the channel quality of the communication circuit may be
~degraded, All HF transmitter, whose rated noise power- (pn) output exceeds
51,75 dBn (150 Watts) (DO - 43 dBm (20 Watts)), shall meet the out-of-band
spectral emission limits of the high performance equipment. Where CW com-
patible operation is required, HF transmitters shall also hawe a single
tone power (pc) output capability of 6 to 7 dB above the output level of
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a aiﬁgle tone modulating the equipment to rated noise power (pn) output
when the rated noise power is less than 60 dBm (1 KW) and 3 to 6 dB when
the rated noise power (pn) is greater than 60 dBm (1 KW),

4.5.7.2 Frequency Coverage.

4.5.7.2,1 High Performance Equipment. The high performance equipment
shall be capable of having its carrier tuned and aligned over the emtire
frequency range of 2,0000 MHz to 29,9999 MHz in steps of 100 Hz at imtegral
© 100 Kz frequency increments, _

14e5.7e2.2 Low Perfarmance Byuipment., Low performance equipment shall
be capable of having its carrier tuned and aligned over its operating
frequency range in steps of 100 Hz at integral 100 Hz frequency increments.
Steps of 1 kHz shall be optional in lieu of 100 Hz for tactical equipment only
where size and weight constraints make the 100 Hz steps impractical., It
shall be a Design Objective that the low performance equipment operating
range covers the entire 2,0000 MHz to 29,9999 MHz frequency band,

he5.7.3 Frequency Tolerance.

l4e5¢7+3¢). Frequency Calibration Resolution. The frequency adjustment
control of a transmitter and receiver shall permit either equipment to be
periodically calibrated or angngd within 1 part in 109 for high perfarm-
"~ ance equipment and S5 parts in 10° for low performance equipment of any
Gegignated frequency,

h05070302 Frequency Stability,

Be5¢743¢2.1 High Performance Equipment, The frequency stability of
the high performance equipmept, with respect to the tial frequency,
shall be within 1 part in 10Y per day, 5 parts in 10Y during the first 30
days after bration. The stability shall not be degraded by more than
4 parts in 10° per each 30 day period thereafter, _

Be5.7e3.2.2 Low Performance Equipment. The frequency stability of the
low perfoarmance equ:l.gnent, with respect to ghe initial frequency, shall be
within 5 parts in 10( per day, 1 part in 10° during the first 30 days after
calibration, The stability shall not be degraded by more than 2 parts in
107 per each 30 day period thereafter. It shall be a Design Objective that
the frequency stability shall be 5.5 parts im 107 during the first 30 days
after calibration, and that the stability shall not be degraded by mare
than } parts in 108 per each 30 day period thereafter.

4.5.7.3.2,3 Phase Jitter, The phase difference averaged over any two
successive 10 millisecond periods (13.33 millisecond periods may also be

. used) shall not exceed S degrees (DO - 2,5 degrees) when measured between

the signal input and output temminals of a tranmmitter or a receiver,
Measurements shall be performed for at least 100 sample time periods,

4.5.7.4 Electromagnetic Compatibility Requirements. The equipment
‘ ;hgll meet the electromagnetic compatibility requirements of paragraph L.S.
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4.5.7.5 Microphone/Headset Circuit, The input/output characteristics
of the microphone and headset circuits, when required, shall be in accord-
snce with the requirements of paragraphs hoSelolicl and UeSelelieSe

180706 Amdio Imput/Output Impedances (Message Baseband), The audio
input and output impedances of the HF equipment shall be nominally 600 Ohms
balariced to ground with a minimm retwm loss of 26 dB against a 600 Obm
resistence over the frequency range of 300 Hz to 3020 Hz on nominal 3 kHz
chammels., The electrical balance shall be sufficient to suppress longi-
tudinal curremts at least 40 dB below the reference signal level.

l4o5.7,7 Audio Imput Signal Power (Message Baseband). The test tome
input $o0 each amdio channel shall be -10 dBn. The composite audio input
of speech to each amdio chamnel shall have & mean power of -10 dBm, ob-
- dained from & distribution with a mean volume of -10 vu with a standard
deviation of 5 vu, The multitons power, from multichammel carrier tele-
graph, fed to each audio chammel shall be -10 dBm, The audio input of
each tone shall be equal to -10 dBm - 10.log t, where ¢ is the number of
tones.

4.5,7.8 Amdio Output Signal Power (Message Baseband). The test tome
output of the receiver ghall be adjusted to conform o the transmission
. level of the equipment or ths transmissiom facility to which the receiver
. output is to be commscted, If the standard test tome of -10 dBm (as
gpecified in peragraph l4.5.7.7) has been inserted imto the andio chammel
of the transmitter at 0 dBr transmission level point, the following ex-
amples are given for correct measurements of test tone at the receiver
audic chammel output for different transmission levels:

Transmission Level
ab Audio Chanmsl Tegt Tone
Cutput of Receiver Measured

(dBr) (dBm)
+7 =3
0 =10
=k -1
=16 =26

The mean eudio output power of speech signals or the composite maltitons
signal power, when inserted in the audioc chammel as specified in paragraph
lio5.7.7 will then have the seme output powers in dBm as listed above for
test tones at the +7, 0, -l and -16 dBr transmission levels, The receiver
audio output chammel shall be adjustable to cover the above range of trans-
mnission levels,

4.5.7.9 RF Output/Input Impedances. The radio frequency (RF) output
and input impsdance for a high psrformance HF radio set shall be a nomimal
50 Omms, umbalanced (optiomal for low performance HF radio set ).
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h.5.7.10 Single Sideband Emissions,
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The designation of single side-

band emissions and bandwidth characteristics shall be in accordance with
Appendix A, The displayed frequency shall be that of the carrier, whether

suppressed or not.

4.5.7.10.1 The classification of typical emissions is tabulated as

follows:
Type of Modulation Type of Transmission

Amplitude Modulation Single chamnel voice
frequency telegraphy

Amplitude Modulation Single channel
telephony

Amplitude Modulation Multichammel
telephony

" Amplitude Modulation Single chamnel
telephony

Amplitude Modulation Single channel
telephony

\
Amplitude Modulation Facsimile

Amplitude Modulation Multichamnel voice -
frequency telegraphy

Amplitude Modulation Cambination of tele-
phony and telegraphy

Characteristics Symbol

Single sideband, %*A2J
suppressed carrier

Single sideband, 3A3A

reduced carrier

Two independent  #dA3B
gidebands

Single sideband,
suppressed carrier

3A3J

Single sideband, 3A3H
full carrier

Single sideband, 3AliA
reduced carrier
reduced carrier

Two independent  #¢A9B

sidebands

%* detemined by commmnication system requirements,
#¢ by using multiplexing techniques, the available bandwidth (up to a

maximum of 12 kHz ) can accommodate mmltiple nominal 3 kHz channels,

Figure U.)
k.5.7.10.,2 Operating Modes,

4.5.7.10.2.1 High Performance Equipment.

(See

High performance equipment

shall have the capability of single channel, upper sideband operation. The

equipment may also accommodate Up to a maximum of four nominal 3 kHz chammels

by using muil: plexing techniques, Figure 1l shows four channel operation that
has equal bandwidths and is com tible with the phase de and
characteristics specified for hgah performance equipment. lay amplitude

4e5.7010.2,2 Low Performance Equipment., Low performance equipment
shall have the capability of single chamnel, upper sideband operation, The
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equipment may also have the capability of both upper and lower sideband
operation, (With the option of simultaneous operation.)

4o5:7010.2,3 Carrier Level Comtrol, SSB, The carrier level control
shall provide for a minimum selection of the following levels of the rein-
serted carriers +1 dB, 10 dB, 20 dB; and maximumm suppression with refer-
ence to the output level of a single tone modulating the equipment. to rated
noise power (pn) output.

o55701002,3,1 Reduced Carrier Isvel (A3A, for example). The reduced
carrier level shall be either 10 or 20 dB (selectable) below the output
level of a single tome modulating the equipment to rated noise power (pm)
output,

le5070106203,2 Suppressed Carrier Level (A3J, for example) The sup-
pressed carrier lewvel shall be at least 50 dB (60 dB DO) for high perform-
ance equipment amd at least 40 dB (50 dB DO) for low performance equipment
below the output level of a single tons modulating the sqmpment to rated

noise power (pn) output.

Bo5o70100203.,3 Full Carrier Isvel (A3H, for example), The full car-
. rier level shall be approximately plus 1 dB above & single tone modulating
the @qxuiment to rated noise power (pn) output,

lo5e 7010 2.3.4 AM Compatibility. The capability of the equipment for

tible AM ration is d £
§ mm% perfon?gx’;ce eqmpmerfefmme or high performance equipment (optional

y 146507010020} Independent Sideband, Equipment, that has the capabil-
ity of simultansous independent sideband operation, shall be required for
h:.gh performance equipment.

bo507010,3 In Band Distortion.

§o507010.3,1 High Performance Equipment, The noise power ratio (NFR
(8SB)) shell be at least LO dB (43 4B DO), when the equipment is loaded to
rated noise power (pn) ocutput with the specified noise signal(s)., See
Wa@&ph 903@

165.7.10.3s2 Low Performance Equipment. The noise power ratio (HFR
SSB)) shall be at least 30 dB, when the equipment is loaded to rated noise
_power (pn) output with the specified noise signal(s). (See paragraph 9630)

l4o507010.l * Out-of-Band Spectral Emissions., When the transmitter is
loaded to rated noiss power (pn) output with the specified noise signal(s)
(see paragraph 9.3) in each audio channsl, the power spectral density of
the out-of-band emission shall not exceed the level established by m&igm
lines commecting the points given im the following table:
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Attemuation Below In-Band

Frequency of Measurement Power—Spectral Density
High Performance Equipment: (See Figure 15)  Standard DO
£ = £, * (L0 B+ 500 Hz) W0dB 43 dB
£ =f£ +1.0B 45 a8 - 48 dB .
m ¢c- .
£, = £, + 2,5 B , - 60 4B 65 dB
£ +4,0B £ 1.05 £
or - © v < n < e 70 dB 80 dB
0,952, » £.> £, - L4.0B
Low Performance Equipment: (See Figure 16)
£ + £, + (1.0 B + 500 Hz) 30dB 30 dB
' = 2 A .
£, =%, +1.0B N 35 dB 35 dB
fn=f, +2.5B ~ k5dB  S0dB
£+ L.OB £ 1,05 ¢
or °© $tn <205 1, S0dB 60 dB

0.95 2, > £,> £, - 4.0 B
where

£, = frequency of h:easxn'ement

fc = centex frequency of necessary bandwidth

B = necessary bandwidth

4.5.7.10.5 Discrete Frequency Spurious Emissions, When the transmitter
is loaded with a single tone in each audio channel to rated noise power,
(pn) output, the in-band and out-of-band (£, + 5% £,) discrete frequency
suprious emissions shall be at least 80 dB DeIow the reference single tone
output for high performance equipment, and at least 60 dB below the refer-

ence single tome output for low performance equipment, NOTE: MIL-STD-461
specifies the out-of-band emissions for bandwidths greater than £, + 5%,

4.5.7.10.6 Amplitude - Frequency Response (Audio),
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140507.10.6.1 High Performance Equipment (Transmitter and Receiver,
Respectively). The maximm variation between 250 Hz and 3100 Hz shall be
1 dB, The attemmation shall be not 1sss than 4O dB at 50 Hz and 3250 Hz,
The attemmation shell be not less than 60 dB and 3550 Hz and higher fre-
quensies and at £, - 250 Hz and lower frequencies, Sse Figure 17,

140507010.6.2 low Performance Equipment (Transmitter and Receiver,
Respectively). The maximum variation between 530 Hz and 3050 Hz shall be
2 dB and from 350 Hz to 530 Hz shall be 3 dB. The attenuation shall be at
least 30 dB from O Hz (£,) to £, - 300 Hz. The attenuation shall not be
less than 60 dB at 4000 Hz and higher frequencies and at £, - 300 Hz and
lower frequencies, See Figure 18,

16507.10.6.3 Ons/Two Chammsl Bguipment (Digital), The maximum varia-
tion between 300 Hz and 3050 Hz shall be 1.5 dB and from 3050 Hz to 3200 Hz
shall be 3 dB, The attenuation shall be at least 20 dB from (£,) to £, -
115 Hz, The attemwation shall be at least 4O dB from £, - 415 Hz to £, -
1500 Hz amd at least 60 dB below £fo = 1500 Hz, The attemmation shall bs ab
least 30 4B from 4,000 Hz to 5000 Hz and at least 60 dB above 5000 Hz, Ses
Figurs 20,

l1o507020,7 Exwelops Delay Distartion.

1o5.7.10,7.1 ‘High Parformance Equipment (Trensmitter and Receiver,
Respactively). The emvelops delay distortion characteristics shall be in
- accordance with the following: (See Figure 17)

‘ a, Maximuwm envelope delay distortion of 500 microseconds from 300 Hz
" %o 3020 Hz,

) b. Maximum envelops delay distortion of 100 microseconds for anmy 100
" Hz frequency imcrement between 300 Hz to 3100 Hz.

¢, The absolute delay is mot to exceed 8 millisecomds (DO - lj milli-
seconds ) over ths frequency range of 300 Hz to 3020 Hz (relative to ths
carrisr frequsncy ). '

1o5.7.10.7.2 Low Performance Equipment (Transmitter and Receiver, Re-
spectively). The emvelope delay distortiom characteristics shall be im
accordance with the following: (Sse Figure 18)

a. The envelops delay distortion with reference to ths delay at 825 Hz,
ghall not very more than minus 3C0 microseconds to plus 500 microseconds
from 825 Hz to 2750 Hz,

b. Maximum envelope delay distortion of 150 microseconds for amy 100 Hs
frequency increment between 750 Hz to 2750 Hz.

2;; Maximum emvelope delay distortion of 250 microseconds from 2750 Hz
to 0 Bz,

140


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

d, Maximm envelope delay distortion of 350 microseconds from 600 Hz
to 750 Hz,

e. The absolute delay is not to exceed 6 milliseconds (DO - 2 milli-
seconds) over the frequency range of 600 Hz to 2750 Hz,

445.7.20.7.3 One/Two Channel Equipment (Digital).  The envelope delay
distortion characteristics shall he in accordance with the following: (Ses

Figure 20)

a. Maximm envelope delay distortion of 500 microseconds from 800 Hz
to 3050 Hz.

b, Maximm envelope delay distortion of 900 microseconds from 495 Hz
to 800 Hz, .

c. The absolute delay is not to exceed 2,5 milliseconds (D0 - 2 wmilli-
seconds) over the frequency range of 495 Hz to 3050 Hz,

lo5.,7.,11 Necessary Bandwidth. The necessary bandwidths for high fre-
quency band emissions shall be as follows:

Single Sideband Modulation

Single channel 3 kHz or 6 kHz maximum
Two channels 6 kHz or 12 kHz maximum
Four channsls 12 kHz maximum

4.5.8 Very High Frequency Band (30 MHz - 300 MHz), The very high fre-
quency (VHF) band is used by both military and nommilitary services. A
portion of this band is allocated to commercial FM and TV broadcasting.
However, certain segments of this band are used in military communication
systems, From a military tactical communications viewpoint, this band is
primarily employed for ground-ground, ground-aerospace and limited extended

range beyond line-of-gight applications, The radio equipment, through

mltiplexing techniques, can provide multichannel capability.

It is common for Ultra High Frequency (UHF) military equipment to ex-
tend the UHF frequency coverage to 225 MHz, resulting in a UHF military
commmication band of 225 MHz to 40O MHz, This coverage is discussed
further in the ulira high frequency band section,

L.5.8.1 High/Low Performance Equipment., High performance VHF equip--
can be utilized in radio loops or radio nets, where the characteristics of
the equipment meet the communication circuit requirements. lLow performance
VHF equipment may be employed in those tactical radio commmnications
facilities which are self-supporting; in the sense that they rarely inter-
connect with other commmication systems. The low performance equipment
however, must be able to operate with high performance equipment when used
in a radio loop circuit or radio net; although the chanmel quality of ths
cammunication cimyit may be degraded,
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4.5.8,2 Frequency Coverage.

The equipment shall be capable of having

its carrier tuned and aligned over its frequency range in steps which allow
operation in conformance with the channeling plans promulgated or approved
Receiver selectivity shall be such as to allow single channel

by the MCEB,

equipments to operate within a single chamnel as outlined in these channeling

plans,

L4.5.8.3 Frequendy Tolerance.

4e5.8.3.1 Frequency Calibration Resolution,

The frequency adjustment

control of a transmitter and receiver shall permit either equipment to be
periodically calibrated or aligned between the following:

.8, High Performance Equipment

1, AM (30-76 MHz) S parts in 19
2, AM (76-300 MHz) 1 part in 10
3. ™ S parts in lO
L. SSB 1 part in 107
b, Low Performance Equipment

"1, AM (30-76 MHz) 5 parts in 12
2. AM (76-300 MHz) 1 part in 10
3. FM S parts in 10%
4. SSB S parts in 108

4.5.8.3.2 Frequency Stability.

: '14e5.8.3.,2,1 High Performance Equipment.
-the high performance equipment, with respect to the initial frequency, shall

be within the following:

The frequency stability of

' MHz MHz - MHz

 Requirement  AM(30-76) FM(BO 76) AM(76-300) FM(162-17L) SSB
per 5 parts 2 parts 1 part 5 parts 1 part
day in1 in 105 in 100 in 100 - in 108
first 5.5 parts 2 parts 2 parts S parts S parts
30 days in 1 in 10° in 10° in 10 in 10
each 30 5 parts 2 parts 1 parz 5 parts L parts
days . e) . ' . e a0 . 8
thereatter I 10 in 10° in 10 in 10 in 10

For mobile FM equn.pments with a power output of less than 3 Watts s 2

stability of

Spartsmloé

4e5e9el03s1e2,

is allowed except as provided in para
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lie5¢B.3.2.2 Low Performance Equipment. The frequency stability of
the low performance equipment, with respect to the initial frequency, shall
be within the following:
MHz MHz MHz MHz
Reg_ulrement AM(30-76) FM(30-76) AM(76-300 FM(162-174) SSB

per 5 parts 2 parts 1 part 5 parts S parts
day in 105  in105  in10°  in10° in 105 -
first 5.5 parts 2 parts 1.5 parts 5 parts 1 parg
30 days in105  n105  in10°  in10° in 10
each 30 S parts 2 parts 1 part 5 parts 2 parts
days in1°  in 105  in10®  in10® in 107
thereafter A ‘

For mobile FM equipments with a power output of less than 3 Watts, a
stablllty of 5 parts in 10§ is allowed except as provided in para 7
h.5.9.1.3.1.2. For SSB the Design 8bjective shall be 5.5 parts in 10
the first 30 days and }i parts in 10° for each 30 day period thereafter,

for

1.5.8.1 Electromagnetic Compatibility Requirements, The equipment shall
meet the electromagnetic campatibility requirements of paragraph 4.S5.l.6.

4.5.8.,5 Microphone/Headset Circuit, The input/output characteristics.
of the microphone and headset circuits, when required, shall be in accordance
with the requirements of paragraphs 4.5.1l.4.4 and 4.5.1.4.5.

4.5.8.6 Audio Input/Output Impedances (Message Baseband), The audio in-
put and output impedances of the VHF equipment shall be nominally 600 Ohms,
balanced to ground, with a minimum return loss of 26 dB against a 600 Ohm
resistance over the frequency range of 300 to 3500 Hz, The electrical balance
shall be sufficient to suppress longitudinal currents at least 4O dB below
the reference signal level, When multiplexed VHF equipment is used, the input/
output impedances shall be campatible with the multiplexed equipment., The
characteristics of the multiplexed equipment shall be in accordance with.the
requirements of paragraph L.5.9.2.5.

4.5.8.7 Audio Input Signal Power (Message Baseband), The test tone
input to each audio channel shall be -10 dBm., The composite audio input
of speech to each audio channel shall have a mean power of -10 dBm, obtained
from a distribution with a mean volume of -10 vu with a standard deviation
of 5 vu, The multitone power, from multichannel carrier telegraph, fed to
each audio channel shall be -10 dBn. The audio input of each tone shall be
equal to -10 dBm - 10 log t, where t is the number of tones, The characteris-
tics of the multiplexed equipment when used shall be in accordance with the
requirements of paragraph L.5.9.2.5,.

4.5.8.8 Audio Output Slgnal Power (Message Baseband), Refer to
raragraph L.5.7.8.
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ho5.8,9 HF Outpwt/Input Impedances. The radio frequency (RF) outpist
and input inmedance for the high performance VHF radic set shall be a nomi-
nal, 50 Ohms, unbalanced (optioml for the low performance VHF radio set).

1.5.8.10 Modulation, The modulation techmique currently used is
either frequency or phase modulation or emplitude modulation. The use of
single sideband modulation in these frequency ranges is a Design Objectiwe.

l3e508010.) Amplitude Modulation.

lo568610:1.1 Carrier Noise lLewel, The detected output voltags ob-
tained from an ummodulated carrier shall be at least 50 dB (60 dB DO) be-
low the detected cutput wvoltage obtaimed from the carrier 90% modulated
v@th a 10(;0 Hz tone, Low performance equipment shall be at least 4O dB
0 dB D0),

l}e568.10.,1.2 Modulation, When a zerc dBm audio signal at any fre-
quency between 300 Hz and 3500 Hz is applied to the amdio input circuit,
the RF carrier output, at rated output lewsl, shall be modulated at
least 95%0

l46568:10.1s3 Hermonic Distortion., With any aundio 'imt frequency be-
. tween 300 Hz and 3500 Hz, and with the audioc input adjusted for 90% modu-

- lation, ths total hermonic distortion at rated power output (RF-Trans-

mitter, Audio-Receiver) shall mot exceed -30 dB (=20 dB for low perform-
. ance @qmimnt) with reference to a detected output woltage obtainsd

from the carrier, 904 modulated with a 1000 Hz tome, The Design (bjective
shall be at least 40 dB below the reference

. 10508,10.1.4 Imtermodulation Disbortion, With any two equal lewel

- audio input frequencies between 300 Hz and 3500 Hz, and with the audio

input adjusted for 90% modulation, the mtemodnlat:.m distortion products

. ab rated power output (RF-Transmitter, Audio-Receiver) shall not exceed

=38 dB (=30 dB for low performance equipment) with reference to a detected
output voltage obtainsd from the carrier, 90% modulated with a 1000 Hz tome,

The Design Objective shall be at least 4O dB below the referemce level,

bo5.8,10,1,5 Attemation vs Frequency (Audio). The nominal 3 dB points
for the radio chamnel shall be at 300 Hz amd 3500 Hz, For all frequencies
between 325 Hz and 1000 Hz, the attemuation shall be within ths limits of
=1 dB and +2 dB; with respect to the attemmation at 1000 Hz, For all fre-
quencies between 1000 Hz and 3L50 Hz, the attenuation shall bs within the
© limits of #1.5 dB, with respect to the attemuation at 1000 Hz, Tt shall
" be a Design Objective that the attermation be withinm + 1 dB for all fre-

quencies between 325 Hz and 3450 Hz with respect to the attenuation at
1000 Hz,

14,5.8,20,1,6 Widebend Mode (Diphase). The radio equipment shall have
an auxilliary wideband mode with the following characteristics:

8. Audio Input Impedamce - 600 Ohms.
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b. Audio Input Signal Levels - O dBm.
¢. Audio Output Impedance 600 Ohms.,
d. Audio Output Signal Level O dBm.

e. Attenuation versus Frequency (Audio) (Input and Output). Nominal
3 dB points for the radio channel shall be at 300 Hz and 23 kHz. With ref-
erence to attenuation at 19.2 kHz, the attemuation shall be at least 20 dB
greater at 32 kHz and at least 30 dB greater at 37 kHz,

4.5.8.10,2 Frequency or Phase Modulation,

4¢5.8.10.2,1 Noise Level., The detected output woltage oblained from an
unmodulated carrier shall be at least 4O dB (DO 50 dB) below the detected
output voltage obtained from the carrier fully modulated at 1000 Hz with
rated deviation.

4.5.8,10.2.2 Deviation. When a zerc dBm audio signal, between 3CO Hz
and 3500 Hz, is applied to the audio input circuit, the RF carrier shall be
frequency modulated to the rated deviation, For single channel analog voice
equipments, the capability to operate with a frequency deviation not to exceed

© 5 kHz must be provided,

4.5,8,10,2.,3 Harmonic Distortion., With any audio input frequency, be-
tween 300 Hz and 3500 Hz, and with the audio input level adjusted for rated
deviation, the total harmonic distortion at rated output (RF-Transmitter, Audio-
Receiver) shall not exceed -30 dB (-20 dB for low performance equipment ) with
reference to the output level of the input audio tone. The Design Objective
shall be at least LO dB below the reference level,

4.5.8.10,2,, Intermodulation Distortion. With any two equal level audio
input frequencies between 300 Hz and 3500 Hz, and with the audio input ad-
justed for rated deviation, the intermodulation products at rated power output
(RF-Transmitter, Audio-Receiver) shall not exceed -38 dB (-30 dB for low per-
formance equipment ) with reference to the output level of either input audio
tone. The Design Objechive shall be at least LO dB below the reference level.

%.5.8,10,2,5 Attenuation ve Frequency (Audio)., The nominal 3 dB points
for the radio channel shall be at 300 Hz and 3500 Hz. For all frequencies be-
tween 325 Hz and 1000 Hz, the attenuation shall be within the limits of -1 dB
and +2 dB, with respect to the attenuation at 1000 Hz, For all frequencies be-
tween 1000 Hz and 3450 Hz, the attenuation shall be within the limits of +1.5
dB, with respect to the attenuation at 1000 Hz. It shall be a Design.Obijtive
that the attenuation be within *1 dB for all frequencies between 325 Hz and
3450 Hz with respect to the attenuation at 1000 Hz, The transmitter shall be
provided with an audio low pass filter installed between the modulator limiter
and the modulator stage to insure that at frequencies above 12,5 kHz, the at-
tenuation shall be at least 25 dB greater than the attenuation at 1 kHz,

4.5.8,10.2.5.1 Pre-emphasis and De-emphasis. The use of pre-emphasis
and de~emphasis circuitry is an optional requirement.

4.5.8,10.2.6 Wideband Mode (Conditioned Baseband). The radio equipment
shall have an auxiliary wideband mode with the following characteristics:
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a, Digitel Input Impedance: 2 k Omms (DO - 50 K Ghms),
b, Digital Input Signal Levels: Plus and mimus 6 Volts.
c. Digital Output h@edme"é"' 100 CGtms (DO - 50 Olms ).

d, Digital Output Signal Levels: 1 Volt, peak to pesk.

Attenuation wvs quuency (Andio)o The nominal 3 dB points for the
ra.di.o channel shall be at 10 Hz and 13 kHz with reference to the attenua-
tion at 1000 Hz, the attemiation shall be less than 10 dB at 1l kHz;

20 dB at 21 kHz; 30 dB at 23 kHz,.

1@05@8,10@3 Single Sideband,

le5.8,10.3.1 Single Sideband Emissions., The designations of single
sideband (SSB) emissions and bandwidth characteristics shall be in accord-
ance with Appendix A, The displayed frequency shall be that of the carrier,
whether suppressed or mot.

h65080100302 Operating Modes.

4o508:10.3.2,1 High Performance Eguipment. The equipment may accom-
modate up to a maximum of four nominal 3 kHz chamnels by using multiplexing
techniques. Figure 1l shows four channel operation that has squal band-
widths of 300 Rz to 3000 Hz amd is compatible with the phase delay and
amplitude characteristics spscified for high performance equipment.

}e508:100302.2 Low Performance Bquipment. Low performance equipment
shall have the capability of single chammel, upper sideband operation, The
equipment mey also have the capability of both upper and lower sideband
operation but not simultaneous operation.

le5e8010s302.3 Carrier Level Control, SSB, The carrier level control
ghall provide for & minimum selection of the following levels of the re-
inserted carrier: +1 dB, 10 dB, 20 dB; and meximum suppréssion with re-
ference to the output level of & single tome modulating the equipment to
rated noise power (pn) ocutput.

$5+8,10.3,2.3.1 Reduced Carrier lavel (434, for exemple). The re-
- duced carrier level shall be either 10 or 20 dB (selectable) below the
output level of a single tons modulating the equipment to rated noise
power (pn) output.

4o5.8.1003,2.3.2 Suppressed Carrier Level (A3J, for example), The
suppressed carrier level shall be at least 50 dB (60 dB DO) for high per-
formance equipment and at least 4O dB (50 dB DO) for low performence eguip-
ment below the output level of a single tome modulating the eguipment to
rated noise pwer (pn) output.

l&.508@1003o2¢3@3 Full Carrier Level (ABHQ for @Wl@)o The full
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carrier level éhall be approximately plus 1 dB above a singlé ‘tone modulat-
ing the equipment to rated noise power (pn) cutput.

4e5.8.10.342.3.4 AM Compatibility. The capability of the equipment
for campatible AM operation is an optiongl requirenent.

le5.8.10.3.2,4 Independent Sideband, Equipment, that has the cap-
ability of simultaneous independent sideband operation, shall meet the re-
quirements of high performance equipment.

h0508o1003.3 In hnd 'DiBtOI'ﬁion-

‘ l4e5¢8,10.3.3,1 High Perfarmance Equipment. The noise power ratio-.(NPR
(SSB)) shall be at least 35 dB (43 dB DO) when the equipment is loaded to
rated noise power (pn) output with the specified noise signal(s). (See

paragraph 9.3)

4,5.8,10,3.3.2 Low Performance Equipment. The noise power ratio (NPR
(SSB)) shall be at least 30 dB, when the equipment is loaded to rated noise
power (pn) output with the specified noise signal(s). (See paragraph 9.3)

4.5.8,10.3.4 Out-of-Band Spectral Emiesions, When the transmitter is
. loaded to rated noise power (pn) output with the specified noise signal(s),
(see paragraph 9.3) in each audio channel, the power spectral density of
the out-of-band emission shall not exceed the level established by straight
lines connecting the points given in the following table:

Attemuation Below In-Band

Frequency of Measurement Power Spectral Density
High Performance Bquipment: (See Figure 15) ‘Standard Do
£ =2 + (1.0 B + 500 Hz) 4O dB 43 dB
m c =5
fm =‘fc' +1.0B ’ 45 dB 48 4B
fm=fc:2.53 : 60 dB 65 dB

£, + 408 {2 <1051,
0952 D>£ Sf - LOB 70 dB 80 dB

Low Performance Buipment: (See Figure 16)

rm+fc:(1.gB+SOOHz) o 30dB  30dB
£ =£ +1.08B : 35 dB 35 dB
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Low Performance Equipment: (See Figure 16) Standard DO .
fa=f, 2258 . 45 dB 50 dB

£, +hoB {£,<1.05 ¢,

50dB 60 dB
0,95 £, > o> £, - 4.0 B

or

where
= frequency of measurement
£, = center frequency of necessary bandwidth
B = necessary bandwidth

lso5¢8.10.4 Discrete Frequency Spurious Emissions. When the trans-
mitter is loaded with a single tone in each audio channel to rated noise
power (pn), output, the im-band and out-of-bamnd (£, + 5% £,) discrete fre-
quency spurious emissions shall be at least 80 dB below the reference
singls tone output for high performance equipment, and at least 60 dB be-
low the reference single tome output far low performance equipment. ‘
NOTE: MIL-STD-U61 specifies the out-of-band emiseion for bandwidth greater
than £, * 5%,

l4o5+8:20,5 4Amplitude - Frequency Response (4udio),

l§o50.8.10.5,1 High Performance Equipment (Transmitter and Receiver, .
Respectively)., The maximum variation betweem 250 Hz and 3100 Hz shall be
1 dB. The attenuation shall be not less than 40O dB at 50 Hz and 3250 Hz,
The attenuation shall be not 1less than 60 dB at 3550 Hz and higher fre-
quencies and at £, - 250 Hz and lower frequencies, See Figure 17.

4e5.8,10,5.2 Low Perfarmance Equipment (Transmitter and Receiver, Re-
spectively). The maximum variation between 530 Hz and 3050 Hz shall be 2
dB and from 350 Hz to 530 Hz shall be 3 dB, The attenuation shall be at
least 30 dB fram O Hz (f£g) to £, - 300 Hz, The attermation shall not be
less than 60 dB at LOOO Hz and higher frequencies and at £, - 300 Hz and
lower frequencies, See Figure 18,

4e5.8,10,5.3 One/Two Channel Equipment (Digital). The maximum varia-
tion between 300 Hz and 3050 Hz shall be 1.5 dB and fram 3050 Hz to 3200 Hs
shall bs 3 dB, The attemuation shall be at least 20 dB from (f£,) to £, -
115 Hz. The attemuation shall be at least 4O dB from £, - 415 Bz to £) -
1500 Hz and at least 60 dB below £, - 1500 Hz. The attenuation shall be at
%zasthdBfrcmhooo Hz to 5000 Hz and at least 60 dB above 5000 Hz., See
gurs 20, .

450.8:10,6 Envelope Dslay Distortion.
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4.5.8.10.6.1 High Performance Bquipment (Transmitter and Receiver,
Respectively). The envelope delay distortion characteristics shall be in

accordance with the following: (See Pigure 17)

a, Maximum envelope delay distortion of 500 microseconds from 300 Hz
to 3020 Hz.

b. Maximm envelope delay distortion of 100 microseconds for amy 100
Hz frequency increment between 300 Hz to 3100 Hz,

c. The 2bsolute delay is not to exceed 8 milliseconds (DO - )4 milli-
seconds ) over the frequency range of 300 Hz to 3020 Hz (relative to the
carrier frequency).

4.5.8.10.6,2 Low Performance Bquipment (Transmitter and Receiver, Re--
spectively), The envelope delay distortion characteristics shall be in
accordance with the following: (See Figure 18)

a. The envelope delay distortion with reference to the delay at 825:Hz
shall not very more than minus 300 microseconds to plus 500 microseconds
‘from 825 Hz to 2750 Hz,

b, MaXimum envelope delay distortion of 150 microseconds for any 100
Hz frequency increment between 750 Hz to 2750 Hz,

c. Maximum envelope delay distortion of 250 microseconds from 2750 Hz
to 2850 Hz.

csl._ Maximm envelope delay distortion of 350 microseconds from 600 Hz
to 750 Hz, ‘

e. The absoiute delay is not to exceed 6 milliseconds (DO - 2 milli-
seconds) over the frequency range of 600 Hz to 2750 Hz.

4.5.8,10.6.3.  One/Two. Channel. Equipment (Digital). The envelope delay
distortior; characteristics shall be in accordance with the following: (See
Figure 20

a, Maximm envelope delay distortion of 500 microseconds from 800 Hz
to 3050 Hz,

Bb. Maximum envelope delay distortion of 900 microseconds from 495 Hz
to 800 Hz,

¢, The absolute delay is not to exceed 2,5 milliseconds (D0O~-2 milli-
seconds) over the frequency rangé of 495 Hz to 3050 Hz.

4.5.8.11 Necessary Bandwidth. The necessary bandwidths for very high
frequency band emissions shall be as follows:
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Amplitude Modulation
Single Chammel 8 kHz, maximun
Frequency Modulation
Single Chamnel (analog voice) Up to LO kHz (normally 16 Hz)
Line-of -Sight and Radio Relay Service Dependent upon number of multi-
plexed 4 kHz channels amd
deviation index,

Single Sideband Modulation

Single Channel 3 kHz or 6 kHz, maximm
Two Channels 6 kHz or 12 kHz, maximum
Four Channels 12 kHz maximum

l.5.9 Ultra High Frequency Band (300 MHz - 3000 MHz). The ultra high
frequency (UHF) band is extensively employed for tactical cammmications
service in such general use as line-of-sight radio relay, tropospheric scatter R
ground-aerospace and for tactical satellite communications.

; It is common for military communication equipment to cover certain seg-
. ments of this band, One segment is 300 MHz - 40O MHz (this segment is .

. extended into the VHF frequency band to include 225 MHz to 300 MHz, re-
" sulting in a UHF military communication band of 225 MHz - LOO MHz ). The
225 MHz to LOO MHz band is currently used for single channel tactical
.. applications and in tactical radio relay for multichannel applications.
Other segments of the UHF frequency band are currently used for multi-
channel bactical applicatlons., It is also common for multichannel FDM
equipment to be installed with a “supergroup multiplexer,” even though in-
itally only one “group multiplexer® is required. This design allows for
. expansion of the radio relay system.

4.5.9.1 225 MHE - 4,00 UHF Equipment.

4.5.9.1.1 High/Low Performance Equipment. High performance UHF equip-
ment can be utilized im radio loops, links, or trunk circuits or radio mets,
where the characteristics of the equipment meet the communication circuit
requirements. Low performance UHF equipment may be employed in radio loop
circuits or im those tactical radio communications facilities which are
self-supporting: in the sense that they rarely interconnect with other
. communication systems. The low performance equipment, however, must be
~ able to operate-with high performance equipment when used in a radio loop
- circuit or radio net; although the channel quality of the commnication may
be degraded,

1e5690152 Freqﬁency Coverage.,

4o5.90102.1 Single Channel, The single chanmel 225 MHz - 4OO MHz UHF
equipment shall be capable of having its carrier tumed and aligned over
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the entire frequency range of 225.00 MHz to 399.95 MHz in steps of 50 kHz
at integral 50 kHz frequency increments (DO 25 kHz at integral 25 kHz fre-
quency increments).

L.5.9.1.2.2 Maltichannel, The multichannel 225 MHz - 40O MHz UHF
equipment shall be capable of having its carrier tuned and aligned over
the entire frequency range of 225.0 to 399.5 MHz in steps of 500 kHz at
integral 500 kHz frequency increments.

Le5.9.1.3 Frequency Tolerance.
beS.9.1e3s1 225 MHz - 400 MHz UHF Equipment.

4e5e941e3.1.1 Frequency Calibration Resolution. The frequency adjust-
ment control of a transmitter and receiver shall permit either equipment
to be periodically calibrated or aligned within 1 part in 107 for high per-
formance equipment and 1 part in 10° for low performance equipment of any
designated frequency.

%e5.9.1.3.2.2 Frequency Stability.

1e5.9.1.3.1.2,1 High Performance Equipment, The frequency stability
of the high performance equignent, with respect to t? initial frequency,
shall be within 1 part in 10° per day, 2 parts in 10° during the first 30
days after cglibration. The stability shall not be degraded by more t
1 part in 10° per each 30 day period thereafter. '

be5e9ele3.1e2.2 low Performance Bquipment. The frequency stability
of the low performance equipment, with respect to the initial frequency,
shall be within 1 part in 10° per day, 1.5 parts in 102 during the first
30 days after calibration., The stability shall not be degraded by more
than 1 part in 10° per each 30 day period thereafter,

4.5.9.1.)y Electromagnetic Campatibility Requirements. The equipment
zh,;ll xgeet the electromagnetic compatibility requirements of paragraph
o 01. <

4.5.9.1.5 Microphone/Headset Circuit. The imput/output characteris-
tics of the microphone and headset circuits shall, when required, be in
accordance with the requirements of paragraphs li.5.1l.h.h4 and L.5.1.4.5.

Le5.901e5 Audio Input/Output Impedance (Message Baseband).

4e5.9.1.6,1 Single Channel. The audio/output impedances of the UHF
equipment shall be nominally 600 Ohms, balanced to ground, with a minimm
return loss of 26 dB against a 600 (hm resistance over the frequency range
of 300 to 3500 Hz, The electrical balance shall be sufficient to suppress
longitudinal currents at least 4O dB below the reference signal level,

%o5.9.106,2 Multichammel, The characteristics of the multiplexed

ztn;ipmnis; skall be in accordance with the réquirements of paragraph
L] 09.2. * ’
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bo5.9.1.7 Audio Imput Signal Levels (Message Baseband),

Be5e90loTol Simgle Channel, The test tons input level to the amdio
channel shall be -10 dBm, The composite audic inmput of speech to each
avdio chammel shall have a mean power of =10 dBm, obtained from a distri-
bution with a mean volums of =10 wu with a standsrd deviation of 5 wu.

The multitone power, from multichamnel carrier telegraph, fed to each audio
channel shall be -10 dBm, The audio imput of each tons shall be equal to
=10 dBm <10 log ¢, where t is ths number of tones.

36569.10702 Multichannel., The characteristics of the multiplexed
equipment shall be in accordance with the requirements of paragraph 1.5.9.
2.5,

1505:901.8 Amdio Output Signal Power (Msssage Baseband),
h0509@10801 Sjllgle Chammel, Refer %o Wagf&ph hoSQ?QBG

1e5690108,2 Multichammel, The characteristics of the miltiplexed
equipment shall be in accordance with the requiremsnts of paragraph 14.5.9.

2050

le5:9,109 RF Output/Input Impedances. The radio frequency (RF) output/
; inpub impedances for ths high psrformance UHF radio set shall bs a nominal
50 Ohms,; wn iced and optional for the low performance UHF radio set.

[ LA

be569.1.10 Modulation, The modulation technique curvently ussd in the
225 MHz to OO MHz frequency range is amplitude modulation (AM) and narrow
+ band frequency modulation (NBEFM). '

le5690%:10,1 Amplitude Modulation,

4 4e50901:10:1,1 Carrier Noise Level. The detected cutput voltage ob-
tained from an vwmmodulated carrier shall be at least 50 dB (60 dB DO) below
the detected output voltage obtained from the carrier 90% modulated with a
1000 Hz toms. Low performence equipment shall be at least 40 dB (50 dB DO).

14e569.1:10:1,2 Modulation, Uhen & zero dBm awdio signal at any fre-
quency between 300 Hz and 3500 Hz is epplied to the emdio imput circuit,
tsh; RF carrier output; at rated output lewel, shall be modulated at least
95%. '

: le50901:10:1.3 Harmonic Distorticn, ®ith amy emdio imput frequency be-
. tween 300 Hz end 3500 Hz, end with the ewdio imput adjusted for 90% modula-
tion, the totel harmonic distortion at rated power output (RP-Transmititer,
Audio-Receiver) shall mot excesd -30 dB (-20 dB for low performesnce equip-
ment) with reference to & detected output volvege cbtained from the cerrier,

90% modulated with & 1000 Bs tems. The Design Cbjective shell be at least
k0 dB below the reference level.

 Be56901.10:.1ck Int luletion Distortiom, With any two equal level
audio imput frequencies between 300 Hs end 3500 Hz, and with the svdic imput

LRI MO
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adjusted for 90% modulation, the intermodulation distortion products at
rated power output (RF-Transmitter, Audio-Receiver) shall mot exceed -38 dB
(=30 dB for low performance equipment) with reference to a detected output
voltage obtained from the carrier, 90% modulated with a 1000 Hz tons, The
Design Objective shall be at least 0 dB below the reference level,

he5e9.1.10.15 At‘bemation vs Frequency (Audio). The nominal 3 dB
points for the radio channel shall be at 300 Hz and 3500 Hz., For all fre-
quencies between 325 Hz and 1000 Hz, the attenuation shall be within the
limits of -1 dB and +2 dB, with respect to the attemuation at 1000 Hz,
For all frequencies between 1000 Hz and 3450 Hz, the attenuation shall be
within the limits of +1.,5 dB, with respect to the attemuation at 1000 Hz,
It shall be a Design Objective that the attemuation be within +1 dB for
all frequencies between 325 Hz and 3450 Hz with respect to the attemation
at 1000 Hz,

he5.9.1,10,1,6 Wideband Mode (Diphase)., The radio equipment shall
have an auxiliary wideband mode with the following characterist:.cs.

a, Audio Input Impedance - 600 Ohms,
b. Audio Input Signal Levels - O dBm,.
Cce Aundio Output Impedance - 600 Ohms.
d. Audio Output Signal Level - O dBm.

Attemation vs Frequency (Audio) (Input and Output). Nominal 3 dB
points for the radio channel shall be at 300 Hz and 23 kHz, with reference
to attenmuation at 19.2 kHz, the attemuation shall be at least -20 dB at
32 kHiz and at least -30 dB at 37 kHz, ‘

h.5.901010.2 Mmy Modul.atimO .
44e5491.10,2,1 KNarrowband Frequency Modulation (225 MHz - 40O MHz),

}eSe941e10,2,1.1 FSK Modulation Index, The modulation index shall
be 1.0.

4e5.901.10.2,1.2 FSK Modulation Deviation. The modulation deviation
shall be plus or mims 20 kHz.

le5¢941010,2,1,3 FSK Response vs Frequency., The frequsncy response
of the radio set (back to back) shall be plus ar mimas 3 dB (DO 1 dB) over
the FSK modulation range,

he5.941.10.2.1.4 PSK Frequency Accuracy. The FSK frequency accuracy,
for the fixed modulation deviation, shall be within plus or minns 1 kHz,

ke5.9.1.10.2,1.5 Signaling Rate. The equipment shall have the cap-
ability of eignaling rate of 5 k bits per second,
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}4.5.9.,2 Multichannel UHF (300 MHz - 3000 MHz ).

B1e5:902,1 Frequency Coverage. The equipment shall be capable of hav-
ing its carrier tuned and aligned over its entire frequency range in steps
of 100 kHz at inbtegral 100 kHz frequency increments (XTAL controlled equip-
ment) and 500 kHz steps at integral 500 kHz frequency increments (synthe-
sizer controlled). :

le5.9.2,2 Frequency Tolerance.

4o5+90.202,1 Frequency Calibration Resolution., The frequency adjust-
ment control of a transmitter and receiver ghall permit eit}%r equipment
to be periodically calibrated or aligned within 1 part in 10° of any
designated frequency. v :

4e5.9:2,2.2 Frequency Stability. The frequency stability of the
equipment, with respect to the initial frequency, shall be within 1 part
in 107 per day, 5 parts in 107 during the first 30 days after calibration.
The stability shall not be degraded by more than 1 part in 107 per each 30
day period thereafter,

l4e509+2.3 Electromagnetic Compatibility %q\ﬁremeﬁts, The equipment
ghall mg.ee'b the electromagnetic compatibility requirements of paragraph
05 010 -3 N

1e5.9.2:4 Supervisory Chanmel,

be5.9.2.401 Audio Input/Output Impedance, The multichannel radio
equipment shall have, in addition to the message baseband circuitry, a
supervisory channel whose audio input/output impedances shall be nominally
600 Ohms, balanced to ground, with & minimum return loss of 20 dB against
& 600 Ohm resistance over the frequency ramge of 300 to 3500 Hz.

le509:2.h.2 Audio Input Signal Isevels, The test tone input level to
the supervisory channel shall be O dBu, The composite audio imput level
of spsech or multitone power fed to the supervisory chamnel shall be -10
dBn., The audio input level of each tone shall be equal to -10 dBm - 10 log
t, where t is the mumber of tones,

- he509.2:403 Audio Output Signal Levels, The test tone output of the
supervisory chamnel shall be O dBm, The composite audio output level of . _
speech or multitone power shall be -10 dBm.

4.5.9.2.5 Message Baseband,

14e5¢9.2,5.1 Frequency Division Multiplex (FIM). (See Figure 19.) Re-

fer to par aphs ueholoBoz hnhaloBQB sllodo3o ollole3, d Lols.1o3,
forFMpstagrpdsc 9 ,’-&h 3“-9’4)4 359311 LBLL136

1e509:2:5,101 FM Modulator Input/Demodulator Output Impedances. The
message baseband input/output impedances shall be 75 Ohms, unbalanced, with
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a minimum return loss of 20 dB (DO 26 dB) over the frequency range. It
shall also be a Design Objective that 130 Ohms and 150 Ohms, balanced, be
provided as strapping options,

4.5.9.2.5,1,2 FM Modulator Input Levels. ' The per channel test tone
level at the input to the FM modulator shall be -45 dBm (-45 dBr T.L.P,).
(DO ~ the FM modulator shall have the capability to accommodate input test
tone levels over a range of -15 dBm to -48 dBm for baseband interfacing the
modulator at the GDF, SGDF or HFDF multiplex output transmission level
points.,) The composite multichannel power input to the FM modulator shall
be equal to =55 to +10 log N dBm, where N = number. of L kHz channels (for
systems where all multiplexed chamnels are loaded with digital data), For
systems where all multiplexed channels are loaded with voice, then the input
power shall be equal to -45 + (-1 + 4 log N) dBm, where N = up to 240 chan-
nels and shall be equal to -45 +(-15 + 10 log N) dBm, where N = number of
channels greater than 240 channels. Refer to Figure 30,

4.5.9:2.5.1.3 FM Demodulator Cutput Levels, The per channel test tone
level at the output of the FM Demodulator shall be -15 dBm + 0,5 dB (DO + 0.1
dB) (-15 dBr T.L.P.). (DO - The FM demodulator shall have the capability to
acconmodate output test tone levels over a range of -9 dBm to -31 dBm; for
intepfacing with the FIM multiplex equipment at the HFDF, SGDF or GDF inter-
face transmission level points.) The per channel camposite audio output
level of speech or multitone power shall be -25 dBm,

4.5.9.2.5.1.,i Bandwidths., The message baseband bandwidth shall be
capable of interfacing with the FIM multiplexer sets by the use of filters
which shall narrow the 0,1 dB reference points to the following:

a, 12 channel operation: : 12 kHz to 60 kHz

b. 24 channel operation: 12 kHz to 108 kHz

¢. 60 channel operation: 12 kHz to 252 kHz or 60 kHz to 300 kHz
d. 120 chanmel operation: 60 kHz to 552 kHz

e. 240 channel opération: | 60 kHz to 1052 kHz

f. 300 channel oneration: 50 kHz to 1300 kHz

4e5.9¢2.5,2 Time Division Multiplex (TDM), Standards for radio trans-
mission of TIM (PCM) pulse groups are covered in paragraph L.}.2.8,1.

1.5.9.2,6 RF Output/Input Impedances, (See Figure 19) The radio fre-
quency (RF) output/input. impedances for the UHF radio set when coaxial cable
is used, shall be a nominal 50 Ohms, unbalanced. Wave guide may also be used,

4.5.9.2.6.1 Return Loss. The return loss, as measured in either direc-
tion from the RF interface points, shall be at least 32 dB (VSWR not greater
than 1,05:1) as measured over a frequency band centered at the carrier
frequency (or frequencies) with the band limits determined by the required
minimum 3 dB bandwidth,
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4o5e9.2,7 Modulation., Frequency modulation is currently used in this
band, The baseband input signals may be either Frequency Division Multi-
plexed (FDM) signals or Time Division Multiplexed (TDM) signals.

l4e5:9.2:7.1 FDM/Frequency Modulation.

le509526Tolol Carrier Noise lsvel, The residual AM in the baseband
for FM service shall be at least 50 dB below the level of the ummodulated
carrier operating at its rated power output. Residual FM shall be at
least -70 dBmO in any L kHz slot im the baseband above 12 kHz,

}4e5+902.7:1.2 Deviation Capability., The test tone signal deviation
{RMS) (without pre-emphasis)shall be adjustable from 35 kHz to 200 kHz psr
channsl, All performanmce characteristics specified herein shall be met
when using a test tons signal per chamnel deviation of 14O kHz and 200 kHz.
The peak deviation capability shall be at least 5.0 MHz, If pre-emphasis
is employed the per channel test tone RMS deviation requirements shall
apply to the mean baseband frequency, i.e.; that frequency at which the
deviation is the same with or without pre-emphasis.

4650902570103 Deviation Ratio, The deviation ratio shall be adjustable
from 0,5 to 10, This ratio is the ratio of carrier deviation to the highsst
~ baseband frequency.

1509020 Tokolt Pre-emphasis and De~emphasis. Circuitry shall be provided
for greater deviations at higher baseband frequencies in order to compen-
sate for triangular noise at the discriminator outputs and to maintain a
- constant baseband output signal Yo noise ratio (SHR) across the emtire bass-
- band frequency spectrum., The preferred emphasis characteristics and in-
gsertion loss of the network is described in CCIR Reports 275 and 4Ok

1050902:7.1.5 Transfer Function Parameters. (See Figure 19) With the
radio sst connected back-to-back, at the RF interface with appropriate fre-
quency translation devices and attemmators to provids a received signal
level of -30 dBm when ths transmitter is operated at full power output.
The overall performance, when measured betwsen the baseband interface points
shall be as follows:

4e569020701o5.1 In Band Noise, The back-to-back equipment noise power
ratio (NPR) shall be at least 55 dB (DO - 60 dB) for any L kHz channel slot
in the message baseband and 50 dB (DO - 55 dB) in the superviscry chamel.
The gaussian noise power input level shall be defined by the equation:
Power (dBm) = -55 dBm + 10 log N where N = mumber of chammsls and the mini-
" mum input level per chanmsl = -45 dBm. ' ‘

Be509620701:5.,2 In Channel Noise, The ratio of any chamnel moise power
(residual noise power), with mo input noise loading, to the same chanmsl
noise power, when the channel is loaded with rated gaussian noise, shell be
57.dB (DO - 62"dB) in the message baseband and 52 dB (DO - 57 dB) in the
supervisory baseband,

156



http://www.abbottaerospace.com/technical-library

MIL-STD-188C

4e5e9¢24701.5.3 Attenuation vs Frequency. The back-to-back baseband
frequency response of the radio set shall be + 0,5 dB in the message band
and + 1 dB in the supervisory channel. The nominal 0,1 dB bandwidths
shall be in accordance with the filters used to accommodate the different
number of channel operational capability.

4e5.94247.1e5.4 Receiver Automatic Gain Control, The receiver shall
employ automatic gain control circuitry such that the cutput will not vary
by more than 0,5 dB as the received signal level varies from 5 dB to 60 dB
above threshold, (DO 5 dB to 75 dB)

l4e5+9024741.5.5 ILevel Stability. The radio set shall be designed with
sufficient regulation and feedback to provide long time stability such that
for a constant level input, the output will not vary by more than + 0.5 dB
during a 30 day period without adjustments,

le5e9e2e7.1e5.,6 Spurious Bmission. All spurious emissions between
£o + 5 MHz and £, + (5% £,) shall be suppressed below a -50 dBm power
level, as measured at the RF interface, with gaussian noise loading of the
baseband and with full transmitter output power., For frequencies beyond
£o + 5% £, the spurious emission requirements of ‘MIL-STD-461 shall apply.

4e5.9.2.7.1.5.7 Envelope Delay Distortion, The back-to-back envelope
delay distortion of the radio set shall not exceed 200 nanoseconds over
the message baseband,

}e5¢942.7.2. TIM/Frequency Modulation., Formulation deferred pending
the establisiment of technical standards.

4.5.9.2.8 Radio Relay Operation. The IF portion of the multichannel
radio set shall meet the following: (See Figure 19)

ITEM REQUIREMENT
Frequency 70 MHz, + 0,070 MHz
Impedance and Return The impedance shall be 75 Ohms, unbalanced,
Loss and shall have & return loss ageinst the

nominal impedance of at least 20 dB,

Signal levels The nominal 70 MHz signal level at the IF
interface shall be + 1 dBn, At each source
(P modulator output and radio receiver out-
put ), the level shall be contimmously adjust-
able over a range of + 1 to + 5 dBn, The
required radio transmitter and FM demodula-
tor IF inputs shall be within * 0.5 dB of
the nominal signal level.

4.5.9.3 Necessery Bandwidth., The necessary bandwidths for the ultra
high frequency band emissions shall be as follows:
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Amplitude -Modulation

Single channel, 225 - 400 MHz 8 kHz, maximum .
Frequency Modulation "

Single channel, 225 - 400 MHz L0 kHz

Line-of-Sight, Multiplex and Video; up to 20 MHz

300 - 3000 MHz ,
Radio Relay, Multiplex; 300 - 3000 MHz up to 10 MHz
(Tropospheric Scatter

4.,5,10 Super High Frequency Band (3-30 GHz), The super high frequency
band is employed in tactical military communications primarily in line-of-
sight relay, for tactical satellite communications and for other limited
applications. '

It is common for military communication equipment to cover segments of
this band, It is also common for multichannel FDM equipment to be installed
with a super "group multiplexer," even though initially only one "group
multiplexer" is required, This design allows for expansion of the radio
relay system. .

4.5.10.1 Frequency Coverage, The radio set shall be capable of having
its carrier tuned and aligned over its entire frequency range. The fre-
quency generating source for the frequency band 41,00-4$90 MHz band shall be
in increments of 100 kHz (50 kHz DO)., The generating source for the fre-
. quency band 7125-8400. MHz shall be in increments of 1 MHz,

Le5.10.2 Ereqﬁency Tolerance., .

4.5.10.2.1 Frequency Calibration Resolution. The frequency adjustment
control of a transmitter and receiver shall permit either equipment to be
periodically calibrated or aligned within 1 part in 10* for high performance
" equipment and 5 parts in 108 for low performance equipment of any designated
' frequency, '

4¢5.10.2.2 Frequency Stability,

4.5.10.2.2.1 High Performance Equipment. The frequency stability of the
high performance equipment, with respect to_the initial frequency, shall be
within 1 part in 107 per day, 5 parts in 107 during the first 30 days after
calibration. The stability shall not be degraded by more than 1 part in 107
per each 30 day period thereafter.,

4.5.10.2.2.2 Low Performance Equipment. The frequency stability of the
low performance equipment, with respect to zhe initial frequency, shall be
within 5 parts in 10/ per day, 1 part in 10° during the first 30 days after
calibration. The stability shall not be degraded by more than 2 parts in
107 per each 30 day period thereafter.,

 b.5.10.3 Electromagnetic Compatibility Requirements. The equipment
shall meet the electromagnetic compatibility requirements of paragraph 4.5.1.6.
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4.5.10,L Single Chamnel Radio Equipment. Tt is anticipated that
single chamel radio equipment may be used for tactical satellite com-
mmication circuits at the mobile end, i.e., team pack, jeep, submarine,
or aircraft. _

4.5.10,4,1 Audioc Input/Output Impedances. The audio input/output
impedances of the SHF equipment shall be nominally 600 Chms, balanced to
ground, with a minimum return loss of 26 dB against a 600 Ohm resistance
over the frequency range of 300 to 3500 Hz, The electrical balance shall
be sufficient to suppress longitudinal currents at least 4O dB below the
reference level.

hoSolOohoa Andio mt Signal Ievelsc The test tone input level to the
audio channel shall be O dBn. The composite audio input level of speech
fed to the audio channel shall be -10 dBm, The composite audio input level
of miltitone power fed to the audio channel shall be -10 dBm, The audio
input level of each tone shall be equal to -10 dBm - 10 log t, where ¢ is
the mumber of tones,

4o5.10.4.3 Audio Output Signal levels, Refer to paragraph 4.5.7.8.
4.5.10,5 Multichannel Radio BEquipment,

}45.10,5.1 Supervisory Channel,

4.5.10.5.1.1 Audio Input/Output Impedance., The multichannel radio
equipment shall have, in addition to the message basebamd circuitry, a
supervisory channel whose audio input/output impedances shall be nominally
600 Ohms, balanced to ground, with a minimum retwurn loss of 20 dB against
a 600 Ohm resistance over the frequency range of 300 to 3500 Hz,

34.5.10,5.1.,2 Audio Input Signal Levels, The test tone input level to
the supervisory chamnel shall be O dBn, The composite audio input level of
speech or multitone power fed to the supervisory chammel shall be -10 dBm,
The audio input level of each tone shall be equal to ~-10 dBm -10 log t,
wlere t = mmber of tones,

heS.10,5.1.3 Audio Output Signal levels, The test tone output of the
supervisory channel shall be O dBn, The composite audio output level of
speech or miltitone power shall be -10 dBm,

[1s5¢10,5.,2 Message Baseband.,

4.5.10.5.2.1 Frequency Division Multiplex (FIM). (See Figure 19)
E:fer tgspm'a@'aphs hth010303, h0h0103.h’ olte1.3.5 and Liolsel.3.6 for FIM

4.5.10,5,2,1,1 M Modulator Input/Demodulator Output Impedances. The
message baseband input/output impedances shall be 75 Ohms, unbalanced, with
a minimm return loss of 20 dB (DO 26 dB) over the frequency range. It
shall be a Design Objective that 130 Ohms and 150 Ohms, balanced, be pro-
vided as strapping options,
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4e5¢10.5,2.1,2 FM Modulator Input Levels., The per channel test tone
level at the input to the FM modulator shall be -45 dBm (=45 dBr T.L.P.).
(DO - the FM modulator shall have the capability to accommodate input test
tone levels over a range of -15 dBm to -48 dBm for baseband interfacing the
modulator at the GDF, SGDF or HFDF multiplex output transmission level
points,) The composite multichannel power input to the FM modulator shall be
equal to -55 to +10 log N dBm, where N = number of lj kHz chanmels (for systems
where all multiplexed channels are loaded with digital data). For systems
where all multiplexed channels are loaded with voice, then the input power
shall be equal to =45 + (-1 + 4 log N) dBm, where N = up to 240 channels and
shall be equal to =45 + (<15 + 10 log N) dBm, where N = rumber of chamnels
greater than 240 channels. . Refer to Figure 30,

4e5.10:5:20.1s3 FM Demodulator Output Levels, The per channel test tone
level at the output of the FM Demodulator shall be -15 dBm + 0,5 dB (DO + 0.1
dB) (-15 dBr T.L.P.). (DO - The FM demodulator shall have The capability to
accommodate output test tone levels over a range of -9 dBm to -31 dBm; for
interfacing with the FDM multiplex equipment at the HFDF, SGDF or GDF inter-
i‘ac\e transmission level points.) The per channel composite audio output level

of speech or multitone power shall be -25 dBm,

, 4.5.10.5.2.1.4 Bandwidths, The message baseband bandwidths shall be

-. capable of interfacing with the FDM multiplexer sets by the use of appropriate
+ filters., The actual bandwidth is a function of the communication system re-
quirements. Typical line-of-sight relay systems may contain up to 5 super

. groups (300 voice channels), having a 1.3 MHz baseband, or may contain both

. supergroups and a TV/radar video channel or may only contain a TV/radar video

\ channel,

405.10.5,2.,2 Time Division Multiplex (TDM), (See Figure 19) Standards

" ﬁoi gagi:c':. transmission of TDM (PCM) pulse groups are covered in paragraph

: 45.10:6 RF Output/Input Impedances (See Figure 19). The radio frequency
- (RF) output/input impedances for the SHF Radio set when coaxial cable is used,
shall be a nominal 50 Ohms, unbalanced. Wave guide may also be used,

4.5,10.6,1" Return Loss, The return loss, as measired in either direction
from the RF interface points, shall be at least 32 dB (VSWR not greater than
1.05:1) as measured over a frequency band centered at the carrier frequency (or
frequencies) with the band limits determined by the required minimum 3 dB
bandwidth,

, 4,5.10.7 Modulation. Frequency modulation is currently used in this
band, The baseband input signals may be either Frequency Division Maltiplexed
- (FDM) signals or Time Division Multiplexed (TDM) signals.

4.5,10.7.1 FDM/Frequency Modulation.
4.5.,10,7,1.1 Carrier Noise level, The Residual AM in the baseband for FM
service shall be at least 50 dB below the level of the unmodulated carrier

operating at its rated power output, Residual FM shall be at least -70 dBmO
in any b kHz slot in the baseband above 12 kHz,
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4.5.10.7.1.2 Deviation Capability. The test tone signal deviation
(RMS) (without pre-emphasis) shall be adjustable from 35 kHz to 200 kHz per
channel. All performance characteristics specified herein shall be met
when using a test tone signal per chammel deviation of 140 kHz and 200 kHz.
The peak deviation capability shall be at least 5.0 MHz. If pre-emphasis
is employed the per channel test tone RMS deviation requirements shall
apply to the mean baseband frequency, i.e. that frequency at which the
deviation is the same with or without pre-emphasis.

4.5.20.7.1.3 Deviation Ratio. The deviation ratio shall be adjustable
from 0.5 to 10. This ratio is the ratio of carrier deviation to the
highest baseband frequency.

4.5.10.7.1.4 Pre-Bmphasis and De-Bmphasis. Circuitry shall be pro-
vided for greater deviations at higher baseband frequencies in order to
compensate for triangular noise at the discriminator outputs and to main-
tain a constant baseband output signal to noise ratio (SNR) across the
entire baseband frequency spectrum. The preferred emphasis characteristics
and insertion loss of the network is described in CCIR Reports 275 and LOL.

4.5.10.7.1.5 Transfer Function Parameters. (See Figure 19). With
the radio set connected back-to-back, at the RF interface with appropriate
frequency translation devices and attemuators to provide a received signal
level of - 30 dBm when the transmitter is.operated at full power output,
the overall performance, when measured between the baseband interface
points shall be as follows:

4.5.10.7.1.5.1 In Band Noise. The back-to-back equipment noise power
ratio (NPR) shall be at least 55 dB (DO - 60 dB) for any L kHz channel
slot in the message baseband and mimus 50 dB (DO -55 dB) in the super-
visory channel. The gaussian noise power input level shall be defined by
the equation: Power (dBm) = -55 dBm + 10 log N where N = number of
channels and the minimum input level per chamnel = -45dBm.

4.5.10.7.1.5.2 In Channel Noise. The ratio of any channel noise power
(residual noise power), with no input noise loading, to the same channel
noise power, when the channel is loaded with rated gaussian noise, shall be
minus 57 dB (DO - minus 62 dB) in the message baseband and mimms 52 dB
(DO - minus 62 dB) in the message baseband and mimus 52 dB (DO - mimus 57
dB) in the supervisory baseband. ‘

4.5.10.7.1.5.3 Attemation Vs Frequency. The back-to-back baseband
frequency response of the radio set shall be + 0.5 dB in the message band
and + 1 dB in the supervisory channel. The nominal 0.1 dB bandwidths shall
be in accordance with the filters used to accomodate the different number
of channel operational capability.

4.5.10.7.1.5.k Receiver Automatic Gain Control. The receiver shall
employ automatic gain control circuitry such that the output will not vary
by more than 0.5 dB as the received signal level varies from 5 dB to 60 dB-
above threshold. (D0 5 dB to 75 dB).

—

161



http://www.abbottaerospace.com/technical-library

MIL-STD-188C

15.5.10.7.1.5.5 Level Stability. The radio set shall be designed with
sufficient regulation and feedback to provide long time stability such that
for a comstant level input; the output will not vary by more than * 0.5 dB
during a 30 day period without adjustments.

4.5.10.7.1.5.6 Spurious Emission. All spurious emissions between
fo + 5 MHz and £, + (5% £,) shall be suppressed below a -50 dBm power
1eve1 as measnred at t.he RF interface, with gaussian noise loading of
the 'baseband and with full transmitter output power.

14.5.10.7.1.5.7 Enveldpe Delay Distortion. The back-to-back envelope
delay distortion of the radio set shall not exceed 200 nanoseconds over
the message baseband,

4.5.10.7.2 TIM/Frequency Modulation. Formulation dsferred pending
the establishment of technical standards.

k.5.10.8 Radio Relay Operation. The IF portion of the multichannel
radio set shall meet the following: (See Figure 19)

ITEM ‘ REQUIREMENT
' Frequency 70 MHz, + 0.070 MHz
Impedance and The impedance shall be 75 Ohms, unbalanced, and
- Return Loss shall have a return loss against the nominal

impedance of at least 20 dB.

Signal Levels The nominal 70 MHz signal level at the IF inter-
face shall be + 1 dBm. (DO - At each source ‘
(M modulator output and radio receiver output),
the level shall be contimuously adjustable gver
a range of + 1 %0 + 5 dBm). The required radio
transmitter and FM demodwlator IF imputs shall
be within ¢+ 0.5 dB of the nominal signal level,

h.5.10.9 Necessary Bandwidth. The necessary ban&widths for tne
super high frequency band emission shall be as follows:

Frequency Modulation

Line-of-Sight Service
Single Chamnel up to 3 MHz
Multiplex and Vidso up to 20 MHz

Tactical Satellite
Radio Relay Service up to 7 MHz

.5.11 Extremely High Frequency Band Rgnge (30-300 GHz). The present

state-of-the-art and the limited experience with equipment for communica-~
tion purposes in the EHF range do not permit the establisiment of reason-
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able standards at this time. Equipment designed for operation in the EHF
range shall be compatible with the existing standards for communication
circuits and shall be capable of interoperation with telephone and tele-
graph mltiplexed carrier equipment designed in accordance with their
standards.

4.6 Radio Sets, Manpacked, Handheld or Helmet-mounted. Radio sets
that must be carried by one individual in field operations have severe
constraints in their design from the standpoint of size, weight, ruggedness,
reliability and ease of operation by non-technical personnel. There may
also be severe constraints on cost due to the extremely large quantities
required. Where, due to their employment, it is possible to relax certain
of the standards for radio circuits given in paragraph 4.5 "Radio Circuits",
the following standards shall apply as exceptions.

k.6.1 Prequency Tolerance and Calibration. The applicable low perfor-
mance requirements set forth in paragraph 4.5 "Radio Circuits" shall apply
for HF equipment with SSB service and for all UHF and VHF equipment. For
HF equipment with AM, CW, MCW service, the following shall apply.

4.6.1.1 Calibration Accuracy. The frequency adjustment control of a
transmitter and receiver shall permit either equipment to be periodlcally
calibrated. to be within 50 Hz of any operating frequency.

k.6.1.2 Accuracy after Calibration. The frequency stability and '
accuracy of the equipment with re Spect to the designated operating frequency
shallbewith:m+55partsin10 during the first 30 days after calibra-
tion. This accuracy may be progressively degraded by an additional + 5
parts in 105 for each month thereafter.

h.6.2 Audio Input/Output Interfaces. The audio input/output interface
requirements covered under paragraphs, 4.5.7.6, 4.5.7.7, 4.5.7.8, 4.5.8.6,
4.5.8.7, 4.5.8.8, 4.5.8,10.1.2, and 4.5.8.10.2.2 need not apply. The
following requirements shall apply.

4.6.2,1 Microphone Input Impedance. A microphone input circuit, if
required, shall have a nominal impedance of 150 Ohms over the frequency
- range of 300 to 3000 Hz. - This shall be as close to pure resistance as
possible and may be unbalanced to ground.

4.6.2.2 Audio Input Level (for microphone input). The nominal input
power level shall be as such as to accept the nominal output range of the
microphone. (For dynamic microphones, this is approximately -56 dBm.)

4.6.2.3 Output Circuitry of Suitable Impedances for Connection to
Headsets and/or Loudspeakers. The output impedance of receivers shall be
suitable for conmection of the following audio accessories: A single ear-
plece headset or handset with an impedance of 1000 Ohms + 20% and a dual
earpiece headset with an impedance of 500 Ohms + 20% and loudspeakers with
an impedance of 6000 Ohms + 20%
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4.6.2.)y Audio Output Power. The maximum output power which a re-
ceiver shall deliver to a headset and/or handset shall be at least 1 milli-
watt. A contirmous adjustment shall be capable of reducing this power te
0.01 milliwatt.

4.6.3 RPF Output/Input Impedances. The RF output/input impedances
that are required under paragraphs L.5.7.9 and 4.5.8.9 are not required.
It is a design objective to provide RF input and/or output terminals with
S0 Ohms impedance for test purposes.

h 6.4 Attemation vs Frequency (Audio). The responses described under
~ paragraph 1405:7010.6.2; 4.5:8.10.1.5, 4.5.8.10.2.5 and 4.5.8.10.6, are not
required for those equipments whose only mode is amalog voice. For those
equipments the nominal 3 dB points shall be at 500 Hz and 3000 Hz. The
maximm attenuation between 500 and 3000 Hz shall be within + 3 dB with
respect to the attenuation at 1000 Hz, Attemuation below 300 Hz and
beyond 3000 Hz shall inmcrease as rapidly as possible.

4.6.5 Envelope Delay Distortion. The requirements described by para-
graphs 4.5.7.10.7 and 4.5.8.10.7 for envelope delay distortiom are not
required for those equipments whose only mode is amalog voice.

4.7 Radio Sets, Airborme, for Low Performamce Aircraft. Radio sets
for such aircraft shall meet the standards for "low performance' radio
circuits as comtained in Section 4.5 "Radio Circuits" of this standard
with the following exception:

be7.1 Audio Imput/Output Impedance. The audio input and output
-impedance for such aircraft shall be 150 Ohms over the frequency range
of 300 %o 3000 Hz. They shall be as cleose 0 a pure resistance as
possible and balanced with respsct to ground.

4.8 Speech Plus Half-Duplex.

.8.1 Speech Chamnel. Speech plus half-duplex shall not be used as
a trunk circuit because it causes degradation to speech and also precludes
the use of the channel for high speed data.

4.8.1.1 Amplitude vs Frequency Distortion. The amplitude vs frequency
distortion shall not be greater than 3 dB with respect to the minimmum
attemation within the bands from 300 +to 1000 Hz and from 1600 <o 3500 Hz.

4.8.1.2 Single Harmonic Distortion. The single harmonic distortien
within the bands between 300 to 1000 Hz and 1600 to 3500 Hz produced by
any single frequemcy test sigmal shall be at least 25 dB below reference
(<25 dBm0). The test signal is introduced into the link at the trans-
mission level referemce point at 0 dBm. The power of the test signal is
adJuzted when introduced at transmission lewel points other tham the zero
point.

4.8.1.3 Frequency Translatien. The frequency translation introduced
by any single link due to the difference in carrier frequencies at each
end of the link shall not exceed 2 Hz.
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- L4.8.2 Telegraph Channel. The telegraph channel shall employ the
tactical modem for 150 baud or less covered by paragraph 7.3.8.

}.8.2.1 Amplitude vs Frequency Distortion. There shall not be a
greater difference between the maximum and minimum attemuation than L dB
for frequencies in the band between 1200 and 1350 Hz.

L4.8.2.2 Crosstalk Coupling Loss. The crosstalk coupling loss from
the telephone channel into the telegraph channel shall be greater than 80
dB for any frequency between 300 Hz and 3500 Hz.

4.9 Speech Flus Full-Duplex. Speech plus full duplex shall follow
the same standards as for speech plus half-duplex.
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S. SWITCHING SYSTEMS

5.1 Automatic Switching Equipment (Analog Voice Band). Tactical
automatic switching equipment shall be designed for switching L kHz cir-
cuits (trunks and loops) on a L-wire basis. It is recognized that some
switch designs have transmission characteristics that permit the switching
of wideband circuits (greater than 4 kHz), however the transmission char-
acteristics of switching equipment for circuits greater than 4 kHz in band
width shall be considered as optional and are not specified as standards
herein. It is also recognized that automatic lL-wire switches must i‘requent-
ly interface with a large inventory of 2-wire systems. Conversion equip-
ment should be provided in the automatic switches where such requirements
exist. For interfaces with AUTOVON, the DG5S Global Switching System, refer
to the DCS-NON-DCS interface standards, Section 8 of this standard.

5.1.1 Transmission Characteristics.

5.1.1.1 Insertion Loss. The insertion loss of any L-wire connection
thru a switch shall be 0 dB + 0.5 dB when measured with a 1 kHz test tone.

5.1.1.2 Transmission Levels. The transmission levels for L-wire
automatic switches shall be -} dBr for both transmitting and receiving.

~ 5.1.1.3 Limiting. The L-wire connections thru a switch shall not
~ overload and start limiting when a 1 kHz test tone at a power of +4 dBm

* is transmitted thru the connection. The test tone shall be introduced
at the -l dBr transmission level point. (In effect this means that swit-
- ches shall not start limiting for signal powers that are 8 dB higher than
the sta:sxdard test tone power used to establish the -l dBr transmssmn
levels

S.1.l.4 Amplitude vs Frequency Distortion.. For all frequencies
bet ween 300 Hz and 3500 Hz the attemuation shall be within the limits of
+ 1.0 dB (+ 0.5 dB D.0.) with respect to the attemuation at 1000 Hz. The
3 a8 po:.nts shall be below 275 Hz and above 3600 Hz. .

5.1.1.5 Harmonic Distortion. The total harmonic distortion produced
by the transmission of any single test frequency between 300 Hz and 3500
Hz thru any of the L-wire connections of a switch shall be at least 35 dB
(LO dB D.0.) below the power of the test frequency. The test frequency
shall be at a power of -l dBm and be introduced into the switch at the -4
dBr transmission level point.

5.1.1.6 Envelope Delay Distortion. The envelope delay distortion
for a single L-wire connection thru a switch shall not exceed 25 micro-
seconds in the frequency band between 600 Hz and 3200 Hz.

5.1.1.7 Noise. The noise on any connection thru the switch, when
idle and properly terminated; caused by the switch itself shall not exceed
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16 dBa when measured at the -4 dBr transmission level point. Impulse noise
on any connection, when idle and properly terminated, due to switching on
another connection or due to any other switch functions not associated with
the connection measured shall not exceed .00L volts peak amplitude measured
across a 600 Ohm termination at the -4 dBr transmission level point.

5.1.1.8 Crosstalk. The crosstalk coupling loss between any two
connections thru the switch shall be not less than 60 dB (70 dB D.0.)
when measured at the -l dBr transmission level points.

5.1.1.9 Terminal Impedance. The input and output impedance of the
switch in the frequency band between 300 Hz and 3500 Hz shall have a
return loss of 20 dB or more when referred to a 600 Ohm resistance.

5.1.1.10 Longitudinal Balance, The longitudinal balance of any
h-wire connection thru the switch shall be at least 40 dB for each direc-
tion of transmission over the frequency band between 300 Hz and 3500 Hz.

5.1.1.11 Test Tone. The standard test tone frequency of 1000 Hz
+ 25 Hz shall be used for measuring transmission levels within the switch.
When introduced at an input to a switch connection it shall be at the -4
dBr transmission level point and the power of the test tone shall be -4
dBm;

5.1.2 Numbering Plan. The following mumbering plan shall be used:
Each local termination (i.e. subscriber) located at an automatic electronic
switchboard shall be identified by a 7-digit number (PRSLIXX) and by a
3-digit abbreviated dialing number. The numbers and explanations are shown
in Table V. Each automatic central office can be located by PRSL while each
manual switchboard (see para 5,2) 1is designated IXX. The PRSL will ident-
ify the automatic trunk route to the mamual switchboard. When a call is
placed to a subscriber or attendant at some other automatic switchboard,
either the 7-digit mumber or the abbreviated 3-digit local calling code
may be used. When a call is placed to a subscriber or athtendant at some
other mamal switchboard, the appropriate 7-digit number must be keyed.
The local attendant at an automatic switchboard should be reached by
keying O or the 7-digit number PRSLOOO. It should be noted that the SL
designate may be used to describe some mamial switchboard until substantial
mambers of automatic equipments are fielded.
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Digit Position - Identification Available Numbers
PR Primary Area 70 - 99
SL Automatic Switchboard 00 - 99
' Identification
IXX 3 digit subseriber 1XX, 2XX, 3XX
1 Identification hxx, 5XX, 6XX
Abbreviated Local 0, 1XX, 2XX, 3XX
Dialing LXX, SXX, 6XX
Centrals which are Mamal: 7XX, 8XX, 9XX

TABLE V¥

CENTRALS WHICH ARE AUTOMATIC: PRSLIXX
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5.1.3 Control and Signalling Supervision Procedures. Control and
signalling supervision procedures shall be as follows:

a. The seizure signal shall be an untimed signal transmitted in
the forward direction (calling to called switching center).

B. The called switching center after proper detection and iden-
tification of the seizure signal shall initiate instructions for connecting
an available idle register receiver to the trunk requesting service.

c. When the register is ready to receive address and routing
information a DIMF Re-Start Signal (R, start sending) shall be sent to
the calling switching center.

d. The calling switching center upon detection of the (R) signal
shall cease transmitting the seizure signal to the called switching center.

e. The called switching center shall contimie to transmit the (R)
signal until the calling switching center starts sending the first DIMF
-digit signal in the address sequence.

f£. When the called switching center receives this digit signal,
it shall confirm its receipt by sending the complement of the received
address digit signal to the calling switching center.

. g. The calling switching center upon detection and verification
of the complementary signal shall proceed to send the interdigit signal (X).

h. The called switching center, upon receipt of the (X) signal
shall return a Proceed Signal (P) to the calling switching center as an
instruction to send the next digit in the address sequence.

i. This procedure between the calling and called switching cen-
ter shall be repeated until the last digit in the office code (FRSL) is
sent and confirmed. :

j. Vhen the called switching center register receives the next
inter-digit signal, after the office code, the called switching center
shall examine the received office code digits.

k. If it determines the call has to be transferred to another
switching center, it shall seize an idle trunk and proceed to send to the
next swi/tching center the trunk seizure signal.

1. Once this seizure is accomplished, in the same manner as it
was accomplished between the calling and the first called switching center,
a register receiver in the third switching center shall be connected to
the calling trunk circuit.

: m. An (R) signal shall then be sent in the reverse direction
from the third to the second switching center.
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n. When this (R) signal is received in the second switching ) .
center the register in this office shall be released, and a comnection
shall be established between the two trunks (switching centers 1 and 3).

o. The (R) signal which is still being sent from the third
switching center shall now be received in the first switching center
and this shall be interpreted as a start (R) signal to restart sending
the called address. -

p. Therefore, the first office shall start anew to send the
first digit in the address sequence, and the entire procedure shall be
repeated between the first and the third switching center mstea.d of the
first and second.

q. When the office code and the (X) signal is sent, the digits
shall now be examined, btut this time by the third switching center. This
procedure can be repeated for establishing trunk (tandem) connections
through a mumber of switching centers.

‘'r. When a switching center discovers that the received office
code is its own, the address sending shall contimie until the receiving
register detects that the last digit is received.

s. The last (X) signal sent forward shall stop the sending of
_the last complement in the reverse direction. Then the register in the

calling switching center shall be released and the called switching .
center shall then proceed to process the call to the subscriber correspond- .
ing to the received address. ,

5.1.); Confirmation Signaling. For each digit or precedence signal
sent over a trunk, a confirmation signal shall be returned. The following
lists the frequencies and their confirmation frequencies:

Hz Hz

( 697 9l

Low ( 770 852
roup{ 852 770

( 91 697

( 1209 1633

gh ( 1336 W77
Groupg 77 1336
1633 1209

5.1.5 Voice Guard. The design of the equipment shall be such that
not more than one release signal in 1000 shall fail to be recognized by
si.ngle or tandem connections. Not more than one call in 10,000 four minute
calls shall be falsely released as a result of voice simlations.

5.1.6 Signaling and Supervision. Signal:mg and supervision shall
be DTMF and SF in accordance with Table VI.
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AUTOMATIC SWITCHBOARD ‘SIGNALS -

i1l

‘ Single . v
Function Freq Hz Tone Level dBm ‘| ' Duration Remarks
! : . -
Digits 1 697/1209 -1 +1 The total time from the beginning
2 697/1336 . of transmission of one digit un-
3 697/1h77 1 til the beginning of transmission
L i770/1209 of the next, including confirma-
5 770/1336 tion signalling and interdigit -
6  770/1477 !plus proceed or restart shall
7  852/1209 not exceed 200 millisecond. No
8 :852/1336 " i{digit tone shall be transmitted
9  852/1477 ¢ for over one (1) second.
0 9h1/1336
i L .
Seize 2250 7 -1 41 Contimous up ~ |min of 250 msec
; ; “ to 1.5 sec’ cutoff by seize
‘ P - , ack
Seize Acknow- 570 -1 +1 ! Continuous up until seize
ledge (Lines) | f ito 1.5 sec stops plus 250
! | 1B o msec '
! ‘ ' .
Seize Acknow- | 852/1209 -1 +1 Continuous up  |until seize
ledge (Trunks) R ' to 1.5 sec stops plus 250
Restart Signal ' msec
(R) o
Dial Tone L25 -1+ Continuous  |shutoff by
max 10 sec I first digit
Ring Loop | 570 ol 3min #5 Min {50 msec on
(Normal) Cutoff by ring ;50 msec off
trip 2 sec on
L4 sec off
Ring Loop 570/h25 0.+l 3 min ¥s Min {50 msec 570,
(Priority) Freq Shift - Cutoff | by ring |50 msec 425
trip 1 sec on,
1 sec off
Line Busy L25 -1 +1 10 sec *3 sec  i% sec on
Tone % sec off
Trunk Busy 425 -1 +1 10 sec #3 sec % sec on
Tone T , % sec off
Ring Back 1Same as -1 +1- 3 min #¢ min or [Same as Ring
Tone - Ring : ‘ until ring stops o
TABLE VI
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! From Automatic Switchboard
| Single
Function Freq Hz i Tone Level dBm Duration Remarks
Ring Trip- 570 ‘ Continuous up  until ring trip
Trip Tone to 15 sec stops. Min of
250 msec ’
Released Party ' 570 -1 +1 1% sec + % sec
Preempt Tone | }
Preempt Tone 570/425 : -1+l %1% sec + %4 sec "50 msec 570,
' Freq Shift : 50 msec 425
Precedence F0-697/1633 @ -1k +1 ‘Same as :
Levels F -770/1633 ! Digit :
I -852/1633 Duration f
P -941/1633 ‘
Release | 2600 © -l £ ‘Contimious Cutoff by re-
up to 3 sec lease acknowledge
Release ' 2600 SI] 'Contimuous Cutoff by the
Acknowledge : up to 3 sec end of release.
(Trunks) | : ; 2M:u.n of 250 msec
Test Tone - 1000 b s Contimous %
Recall - 570 | -2 Until Recall
Response i Stops
Proceed . 941/1209 % -1 +1 Same as Digit  Cutoff by digit
Signal Duration signal
Interdigit Shl/Ah77 -1 +1 Same as Digit Cutoff by Pro-
Signal Duration ceed or Restart
: signals
THE FOLLOWING THREE SIGNALS PERTAIN TO SPECIAL CIRCUITS ONLY
Idle Tone 1000 -1 +1 Sent to Ringdown
trunks when idle
Trunk Signal | 1600 -1 2 1.25 + .25 If idle tone is
Tone sec on, shut off.
If idle tone is
off, turn on.
Trunk Signal [20 Hz +5 Hz | 90 Volts +10% [1.25 + .25
into 5000 sec
Ohm load
TABLE VI

AUTOMATIC SWITCHBOARD SIGNALS (CONT!D)
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5.2 Semi-Automatic, Manual Cordless Switching Equipment. Semi-auto-
matic mamal cordless switching equipment shall be designed for switching
I kHz circuits (trunks and loops) on a li-wire basis. These switches shall
be designed to operate with tactical automatic switching equipment, para-
graph 5.). Where requirements exist it shall be provided with conversion
equipment for an AUTOVON interface or for interfaces with 2-wire systems.

5.2.) Transmission Characteristics. Same as paragraph 5.1.1.

5.2.2 Numbering Plan. Same as paragraph 5.1.2.

5.2.3 Control and Signaling Supervision Procedures. Same as para-
graph 5.1.3.

5.2.kk Confirmation Signaling. Same as paragraph 5.1.4.
5.2.5 Voice Guard. Same as paragraph 5.1.6.

5.2,6 Signaling and Supervision. Signaling and supervision shall be
DTMF and SF in accordance with Table VII. :
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ISingle
; ‘Tone Level :
Function ! Freq Hz ‘(dBm) |Duration Remarks
: 5 - - :
Digits 1 : 697/1209  -1L +1 Operator- Operator
2 . 697/1336 controlled originated
3 697/1477 ?
L - 770/1209 |
5 . 770/1336 ,
6 770/1477 ‘ %
7 852/1209 g
8 - 852/1336 :
9 - 852/1477 1:‘
0 . 9l41/1336 5 ‘
Seize 2250 -1k +1 |1001'1'b:'.nuous Min of 250 msec cut-
‘ off by Seize Ack.
Seize Acknow- 570 -1 1  Continuous until
ledge ' . seize stops | '
Dial Tone | L5 1, 11 [Contimious Max |Shutoff by first
(into Auto ! j 110 sec digit
. Ring, Loop | 570 0+l 3 min + % min {50 msec on, 50 msec
(Normal) : ‘ Cutoff by Ring- off, 2 sec on, L sec
; | trip off
Ring, Loop | 570/425 0+l 3 min + % min ?50 msec on, 50 msec
(Priority) freq. shift Cutoff by Ring- ?‘ofi‘, 1 sec on, 1 sec
: trip ' joff
Ringback Tone Same as Ring 1l +1 Same as Ring Same as Ring
Ring Trip- | 570 1), 1 |Min of 250 msec |Cutoff by end of
Trip ' Ring Trip
Preempt Tone . 1000 Rl +1 Operator Control- % sec on, % sec off
led or Timed
Precedence | FO 697/1633 ¢l #1 Operator
Levels F 770/1633 Controlled
I 852/1633
P Su1/1633
A1l Links -~ | 1000 -1y +1 Subscriber Contr. bz sec on, % sec off
Busy ‘
TABLE VII

 MANUAL CORDLESS SWITCHBOARD AND CONVERTER SIGNALING
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'Single

:Tone Level
Function Freq Hz { (dBm) Duration Remarks
Recall/Line | 9l41/1209 -1 A Operator
Priority " {Control
Recall 570 -1l +1 Until Recall
Response Stops
Release 2600 -1 A Continuous to Cutoff by Release

3 t0 10 sec.
_Release Ack | 570 -1 +1  |Contimious to | Cutoff by end of
] : 10 sec. Release. Min 250
msec
Test Tone 1000 -l #s Contimious
Trunk Signal | 1600 -1 +1 1.25 +.25 sec If idle tone is on
Tone shut off. If idle
tone is off turn on.

Trunk 20 Hz +5 Hz {90 volts (1.25 +25 sec
Signal + 10% into A

T000 Ohm

load

TABLE VII

MANUAL CORDLESS SWITCHING AND CONVERTER SIGNALING (CONT!'D)
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5.3 Mamual Switchboards.
5.3.1 Trunk Signaling.

5.3.1.1 Metallic Trunks. Switchboards shall transmit a 90 Volt rms
+10Z ringing signal across'a 5000 Ohm load, at a frequency of 20 Hz +10%.
The ringing signal shall have a duration governed by manual operation of
a key, or equivalent device. A 20 Hz ringing signal from a 12 Volt rms
4000 Ohm source shall operate the signal receiving devices in the switch-
board.

5.3.1.2 Repeatered, Carrier Derived and Radio Trunks. Switchboards
shall employ the same signals as for metallic trunks. The 20 Hz signals
shall be converted to 1600 Hz signals for transmission over the trunk.
The 1600 Hz transmitting power shall -8 dBm +4 dB. The receiving sensi-
tivity shall be at least sufficient for satisfactory operation on a 1600 Hz
(30 Hz) received signal of -25 dBm.

5.3.2 Loop Signaling, Loop signaling shall be one of two types, i.e.,
common battery or ringdown, or shall be compatible theremtho

5.3.2.1 Common Battery Signaling. Common battery s:n.gnallng shall

.- employ a dc closure at the user's telephone to signify to the switchboard

. that the telephone is off hook. A dc open circuit at the user's telephons
© shall indicate to the switchboard that the user's telephone is on the hook.
-+ The switchboard shall employ a 20 Hz ringing signal of 90 Volts rms to

the user's telephone.

: 5.3.2.2 Ringdown Signaling. Ringdown signaling shall employ 20 Hz
signals for signaling both the switchboard and the user. The switchboard

- shall transmit a signal of at least 90 Volts mms at 20 Hz and shall

operate satisfactorily on a received signal of 12 Volts rms, or h:Lgher,
in the range of 16 Hz to 25 Hz.

5 3.3 Loss Caused by Signaling Device. At frequencies between 300

and 3500 Hz, the loss caused by trunk signaling equipment bridged across
the lj kHz trunk shall be less than 0.5 dB.
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6, END INSTRUMENTS
6.1 Teletypewriter and Data Equipment.

6.,1.1 Standard Coded Character Set., The standard code and alphabet
for teleprinter and digital data, character conscious communications equip-
ment shall be the USA Standard Code for Information Interchange (USASCII)
X3,4-1967 as presented in Appendix C of this standard. International Tele-
graph Alphabet No. 5 (ITA No. 5) is the international version of USASCII,

USASCII does not necessarily apply to equipment or systems such as
central processors, peripheral or other related equipment used substantially

-full time as part of the control element in a larger system, where that

larger system (weapons control for instance) is not itself primarily con-
cerned with information actiwvities, Neither does it apply to such established
specialized functions as telephone signaling, telemetry, pulse code modula-
tion, vocoded speech, brevity code systems, etc,

6.1.1.1 Basic Code, This code is composed of seven units (bits) as
provided for in USA Standard (USAS) X3.,4-1967 and one parity unit as provided
for in USAS X3.,16-1966. However, the parity unit as discussed in paragraph
6¢l.1.3 below differs in its use for asynchronous transmission as specified
in USAS X3,16-1966. The parity bit shall follow the most significant bit, by,
of the character to which it applies as provided for in USAS X3,15-1966. The
coded character set is to be transmitted low order first as also provided for
in X3.15-1966; thus by will appear on-line first and by last, followed by
the parity bit.

6.1.1.,2 Character Substitutions. Character substitutions in the USASCII
(FIPS 1) character sets are not permissible without specific approval of US
Department of Comerce/National Bureau of Standards as specified in FIPS
Pub 7, Section 9, Waivers,

6.,1.1.3 Parity Bit, For transmission from end instruments, the eighth
bit, when used for parity or control purposes, is set so that the sum of the
binary ones of the eight-bit code character is always odd (odd parity). At
reception, the detection of an even sum of the binary ones indicates a
character error. For recording on paper tape and edge-punched cards the
parity bit is inverted so that the sum of the binary ones is even (even
parity). (In AUTODIN odd/even techniques are employed for internal system
controls, error detection/correction, etc., wherein communication terminal
equipments will transmit those control characters for channel control and
coordination using even parity.)

6.1.1.4 Application of Standard Coded Character Set., The standard set
defined above will be used in the applications listed below,

6.1.1.4.1 It will be the alphabet used for transmission of switching
and supervisory information in data communications systems of the character
conscious type. ,

6.lelohe?2 It will be the common user alphabet of‘ input-output devices

- interchanging information.
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6.1.,1.5 Character Interval.

6.1.1.5,1 ' Transmitting, Start/Stop, The preferred standard stari/
stop character interval shall consist of ten signal elements having equal
time intervals; one "O" (spacing) start element, seven USASCII elements,
one character parity element, and one (marking) stop element. The inter-
character interval (the time between the end of the stop element and the
beginning of the next start element) may be any length, and is of the
same sense as the stop element, i.e., marking. An eleven-unit character
inverval is permissible where su.ch operation is technically more satis-
factory, provided that one of the standard modulation rates is employed.

6.1.1.5.2 Receiving, Start/Stop. The standard start/stop character
interval (as regards functioning of the receiver apparatus) shall be 9.6
units, i.e., the receive device shall be prepared to correctly accept the
next character interval by not more than 9.6 unit intervals from the be-
ginning of the start pulse. The receiver device shall be capable of
operating with an inter-character mterva.l of any length..

6.1.1.5.3 Synchronous, An eight-unit character interval shall be
standard for synchronous transmission as provided for in USAS X3.16-1966.

6,1.,1.6 Modulation Rate., The modulat:.on formula for tactical equip-
ments shall be 75 x 2™ baud, where m is a positive integer. For low
speed serial start/stop equipments, m shall be O or 1. For high speed
serial start/stop equipments, m may have any of the values Oyeoe7, (LeGe,
the values that may be assigned to m are specified as opposed to the
number of values of m to be provided in an equipment).

6.1.1,7 Interface Characteristics. Equipment which utilizes the
Standa).rd Coded Character Set shall provide the Standard Interface (para
70-—01 L]

6,1,1,8 Keyboards, Standards for keyboards used in tactical end
instruments shall be in accordance with MIL-STD-1280, Military Standard
Keyboard Arrangements, .

6.1.1.8,1 Commnication Service, The arrangement of the MIL-STD-
1280 keyboard used for tactical comnunlcat:.on service is shown for infor-
mation purposes in Append:.x C.

6.1.1.8,2 Weather Data Service., The present indication is that a
keyboard with special weather symbols w111 not be required in the future
for this service,

6,1,1.8,3 Data Service. The numeric cluster arrangement of the MIL-
STD-1280 keyboard used for data service is shown for information purposes
in Appendix C.

6,1.1.8.4 System Application, MIL-STD-1280 includes a notation
gystem to be used in adopting the general purpose arrangements to particu-
lar systems. The notation diagram is shown for information purposes in
Appendix C, -
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6.1.2 Interim Standard Coded Character Set, The interim standard
code and alphabet for teleprinter and digital data communications equip-~
ment shall be the International Telegraph Alphabet No. 2 (ITA No. 2),
American Version, reproduced in Appendix C, Its use is currently wide-
spread and it will continue to be used for an indeterminate period.
During this period the following standards shall govern in those areas
where a changeover to ITA No. 5 is not advisable or feasible.

6.1.2,1 Basic Code, This code is composed of five units as indi-
cated in Appendix C. The coded character set is to be transmitted low
order first; thus b} will appear on-line first and b5 last.

64142,2 _Chai'ac'ber Interval.,

6.1e2,2,1 Transmitting, Start/Stop. The standard start/stop char-
acter interval for 5-unit code, printing telegraph, transmitting equip-
ment shall be 7 units; i.e., a l-unit start element, 5 l-unit intelli-
gence elements and a l-unit stop element. (The designer is reminded
that there is currently in widespread use transmitting equipment which
uses a T.42 character interval.)

6.1.2.,2,2 Receiving, Start/Stop. The standard start/stop character
interval (as regards the functioning of the receiver apparatus) shall be
6.6 units, i.e., the receive device shall be prepared to correctly accept
the next character interval by not more than 6.5 unit intervals from the
beginning of the start pulse. The receive device shall be capable of
operating with an intercharacter interval of any length.

6.1e2.3 Modulation Rate., The modulation rate for new equipment which
incorporates electronic input/output is 50 and 75 baud. (The designer
is reminded that the equipment currently in widespread use has modulation
rates of 45.45, 50, 56.9 and 74.2 baud,)

6.1.2.; Modulation Rate Accuracy. See paragraph 6,1.4.2.

6.1.2.5 Interface Characteristics. See paragraph 7.2.2. New equip-
ment shall provide both interfaces during the period when high level in-
terface equipment is being phased out.

6.1.2.5 Keyboards. See Appendix C.
6.1.3 Printing Pelegraph Equipment, Functional Description.

6ele3.1 Page Printing Bquipment, The basic unit employed in printing
~ telegraphy is the page printer., This is a device which generally types,
on paper fed from a roll, a line of printed characters. Some machines
also use fanfold paper., The paper may be fed by friction. or sprockets
or both, There are two standard character sets in use within the ICS,
weather symbols and cammunication symbols. (See Appendix C,)
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6.1.3.1.2 ; Line Length, Page Copy. In AUTODIN, 80 characters (print- -
ing pos:.t:.ons) per line is standard. This was chosen so that an 80 char- .
acter unit record card will fit on one line of a printed page. 1In the
weather service, 76 characters per line is standard. In CONUS messages,
72 characters per line is common practice. In US/NATO military circles,
69 characters per line is the agreed upon standard,

6,1.3.2 Tape Readers, There are two basic classes of mechanical
tape readers: (1) Coincident selection in which all pins of the tape
reader sense the tape simultaneously; and (2) sequential selection readers
in which pins 1, 2, 3, 4 and 5 are successively presented to the tape to
determine the presence or absence of a perforation. Each method of selec-
tion has certain mechanical design advantages. Some of the tape readers
appearing in the DCS inventory have provision for reading additional tracks
in the tape as future requirements develop for 6, 7 or 8 track tape.

Many of the modern tape readers employ a photosensitive technique for
determining the presence or absence of a perforation. Some of these
readers operate on the "sequential selection' principal but operation on
the "coincident selection® principal is more predominant.,

There are no standards established at this time fof the method of
sensing punched tape beyond that the reader can correctly sense the stan-
dard tape without modification of, or damage to, the standard tape.

6,1,3.3 Tape Punches, There are two basic types of punches:

(1) Nonprinting punches in which only data and feed holes are
punched in the tape.

(2) Printing punches in which, in addition to punching data and
feed holes, the characters are printed on the tape,

There are two methods of printing on the tape:

(l) The printing is in line with the feed hoies and six char-
acters behind the corresponding data holes.

(2) The printing is between the sixth and seventh feed holes
following the corresponding data holes.

In each type of punch there are two methods of punching the holes:
(1) cChadless or partially punched holes,
(2) Chadded or fully punched holes.

Each punching method has its advantages but the chadded or fully
punched method is standard in military equipment.

6.1.4 Performance Characteristic of Printing Telegraph Equipment,
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6.1.4.1 Distortion Characteristics, The distortion percentages
specified are appliecable at the modulation rate employed by the equip-
ment.,

6.slyol.1 Transmitting Devices. mectromechanlcal sequential selec-
tion transmitting (keyboard, tape readers).

6eleltelslel High Performance Bquipment Output Distortion, All Types.
1,0% Mark-0-1,0% Space,

6s1441.1,2 Low Performance Equipment Output Dlstortlon, A1l ’I‘ypes.
L% Mark-0-4% Space,

6.1.4.1.2 Electromechanical Coincident Selection Transmitting De-
vices (keyboard, tape readers).

6.1.4,1.2,1 High Performance Equipment Cutput Distortion, All Types.
1% Mark-0-1% Space.

6.1.4e1e2,2 Low Performance Bquipment Output Distortion, All Ty'pes.
3% Mark-0-3% Space,

: 6el4ele3 Transmitting devices, electromechanical, electronic, or
composite, incorporating electronic outputs (either sequential or coinci-
dent selection), output distortion all types not to exceed 1§ Mark, 0, 1%

Space,
6.1.4e1.4 Receiving Devices, Electromechanical,

6.1e1el.h.l High Performance Byuipment Distortion Tolerance., Switch
Bias Distartion: 45% Mark-0-45% Space, Bias Distortion: U45% Mark-0-45% -
Space, End Distortion: L5% Mark-0-45% Space. Cyclic Distortion: 22,5%
Mark-0-22,5% Space. ' :

6.1lel3.14o2 Low Performance Bquipment Distortion Tolerance, Switched
Bias Distortion: 30% Mark-0-30% Space., Bias Distortion: 30% Mark-0-30%
Space. End Distortion: 30% Mark-0-30% Space., Cyclic Distortion: 15%
Mark-0-15% Space, .

6.1.4.1.5 Receiving Devices, Electronic Input. Switched Bias
Distortion: L49% Mark-0-h9% Space. Bias Distortion: L49% Mark-0-L9%
Space, End Distortion: U49% Mark-0-49% Space. Cyclic Distortion: 24.5%
Mark-0-2;,5% Space,

6.1.4.2 Modulation Rate Accuracy, Start/Stop Transmission. The trans- ,
mitting equipment shall maintain a modulation rate accuracy so that,
any given character interval, every transition shall be within 1% of the
theoretically correct transition point measured with reference to the stop-
to-start transition of that character at the given modulation rate for high
perfocmance equipment; for low performance equipment the tolerance shall

be 5%.
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6.,1.1,3 Clutch Magnet Sensitivity., At modulation rates up to 100
bauds the sensitivity of the clutch magnet of electromechanical equipment .
shall be such that a 25 + 5 millisecond DC pulse not in excess of 130
volts and 60 milliamperes shall cause correct operation of the transmit
device, For electromechanical devices incorporating electronic input/out-
put and/or stepping circuits, the dc digital interface characteristics
apply (see para 7.2.1).

6.1tk Words Per Minute. The use of this term in technical descrip-
tion is deprecated. However, words per minute for printing telegraphy is
expressed by the formula:

WPM = 10 X Mod Rate (in baud)
Units per character interval

10 X 150

10
when a ten-unit character interval USASCII machine operates at 150 baud,

e.g. 150 WPM

6.1.4.5 Paper Line Feed Operation. New start/stop receiving equipment for
15 characters per second or less, shall be capable of, in one character
interval, returning the printing point to the left side of the page and
advancing the page one step (1 or 2 lines) in response to the code com-
bination for Line Feed., (For higher speed equipment appropriate techni-
ques may be appllea.) (See also par 2.6.5 Spec:x.al Considerations in Appenduc Co)

6.1.4.6 Clock Opm‘ation. New start/stop equipment employing elec-

tronic input/output shall be capable of operating under external (master

. or station) clock control at the applicable modulation rate in the bit ‘
. synchronous transmission mode with 7 thru 16 units per character interval,

" (Refer to para T.2:10 a.nd Clock-mta Phase Relatlonshlps, Appendlx B, )

6.1.4,7 Character Stepped Operation, New start/stop equipment shall
be capable of operating under step comtrol where the step interval is equal

to or greater than the character interval at the applicable modulation
rate,

6.1.14.8 Remoted Controls Exclusive of Clock or Data, An open remote
control line shall have no effect on the device to be controlled and a
closed remote control line shall cause the device to be controlled to ex-
ecute the applicable function., The controlling device shall provide only
the switch, There shall be a maximum of 6 volts and 1 milliampere on a

. remote control line,

6.1 1.9 Electromagnet:.c Interference Characteristics, Refer to MIL-
STD=}61., '

6.1.4,10 Reliability Characteristics. The thearetical reliability
characteristics for electromechanical printing telegraph equirment are
difficult to achieve in practice due to the wide range of envirommental
and maintenance skills to which the equipment is subjected, Mechanical
printing telegraph equipment should be considered high performance if it
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operates correctly (essentially continucusly) for 1500 hours at 75 baud,
7-unit code or 150 baud 1O-unit code. NOTE: The changing of paper or
ribbons is not concidered maintenance. The failure of equipment associ-
ated with, but not a part of, the actual typing, punching or reading
units shall not be considered in the 1500 hour characteristic,

6.1.5 Teletypewriter Recording Media,

6.1.5.1 Teletypewriter Roll Paper. The standard roll paper is for
friction feed, is & inches wide, and is in accordance with Federal Speci-
fiction UU-P-SL47.

6.1.5.2 Teletypewriter 8 Fanfold Paper, The standard 8 fanfold
paper is for sprocket feed and is in accordance with Military Specifica-
tion MIL-P-40023. The paper colors and the number of parts may be varied
since these parameters do not adversely affect the standardization of the
printing machines, ,

6.1.5,3 Paper Tape.

-641,5.3,1 Information Tracks. The standard for identifying informa-
tion tracks is established as a2 two part standard for the following
machine systems:

a. For machine systems with the capability of utilizing three
information tracks between the guiding edge and feed hole, in accordance
with Figure 2, Appendix B.

b, For machine systems with the capability of utilizing two in-
formation tracks between the guiding edge and feed hole, in accordance
with Figure 2, Appendix B, This staridard is not to be used in future
design, NOTE: When preparing punch instructions, the symbol O will re-
present an information element. Therefore, when denoting the feed hole
use the symbol F rather than O.

6.1.5.3.2 Tape Width,

6ele5e3¢2.1 A minimum tape width of one inch (with tolerances as
specified in Federal Specification UU-T-120) is established for systems
with the capability of utilizing three information tracks between the
guiding edge and the feed hole (Figs 2 and 3, Appendix B).

6.,1.5.3.2.2 Minimum tape widths of 11/16 inch and 7/8 inch (with
tolerances as specified in Federal Specification UU-T-120) are established
for systems with the capability of utilizing two information tracks only
between the guiding edge and the feed hole (Figs 2 and 3, Appendix B),

6.1.5.3.2.3 Chadded Tape, Where perforated tape is used, holes shall
be completely perforated (chadded),

6.1.6 Polar Relays.
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6.1.6,). Electromechanical Polar Relays. There are no standard elec-
tromechanical polar relays specified for US military applications. The
minimum required performance characteristic for electromechanical polar
relays are:

60,1.6,1,1 Side Stable, The relays shall be side stable, i.e., they
shall remain in the last signaled contact position,

6e1.6.1.2 Operating Differential, Not in excess of 5 mA.

601.6,1,3 Distortion, Modulation rates up to 75 baud shall be
handled with less than 2% distortion (all types) introduced by the relay
performance.

6s1ls6.1o4 Winding Current, Maximum operating current per winding
shall not exceed 80 mA,

6.1e6,1.5 Winding dc resistance: 100-200 Ohms,
6.1.6.1.6 Reactance not specified,

. 641,60,1.7 Contact material is not specified, Extrems operating condi-
tions: 150 mA; 260 Volts, Typical battery source impedance 140 Ohms.

6,1:6.1,8 International Octal Base Pin Connections. (Pins viewed
from bottom of socket.) _

Pin #1, Coil #1 positive (potemtial causmg relay armature to
- make marking contact) termination.

Pin #2, Coil #2 negative termination.

Pin #3, Coil #2 positive termination.

Pin #,, Space contact,

Pin #5, Ground of relay case if applicable,

Pin #6, Armature (tongue) of relay.

Pin #7, Marking contact,

Pin #8, Coil #1 negative termination.

6.1.6.2 Electronic Polar Relays. Great care must be made in accept-

ing an electronic (solid state) substitute for the electromechanical polar
relay. It shall meet the following minimum required performance standards,

6.1.6.2,1 Side Stable, The relays shall be side stable, i.e., they
-shall remain in the last signaled contact position.
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6.1.6.2,2 Operating Differential: 2 mA (maximum),

6.,1.6.2.3 Modulation Rates. Modulation rates up to 4800 baud are
considered desirable, However, to minimize the relay's response to
transients, it may be useful to dampen the relay in a manner that limits
its operation in a given application to ranges under 100, 500, 1000,
1500, 2500, 5000, etc. baud,

6.1.6,2.t Distortion. The relay shall not introduce distortion (all
types) in excess of 1% at the applicable modulation rate,

6.1.6.2.5 Number of Windings (or equivalent): Two. Maximum operat-
ing current: 80 mA,

" 6,1,6,2,6 Winding dc Resistance (or equivalent): Not in excess of
200 Ohms.

6.1.6.2,7 Reactance of input/output essentially 0 Ohms with rega.rd
to the applicable modulation rate,

6.1.6.,2.,8 Output Impedance: Less than 50 Ohms., Maximum signal
current: 150 mA, Maximum potential applied across the mark and tongue

or space and tongue: 260 Volts., Maximum voltage referenced to signal
ground: 130 Volts, ‘

: 6¢1.6.,2,9 International Octal Base Pin Connections. (Pins viewed
.. from bottom of socket,)

Pin #1, Coil #1 positive (potential causing relay armature to make
marking contact) termination.

Pin #2, Coil #2 negative termination.
Pin #3, Coil #2 positive termination.
Pin #4, Space contact.
Pin #5, Ground of relay case if applicable,
Pin #6, Armature (tongue) of relay,
Pin #7, Marking contact.
Pin #8, Coil #1 negative termination,
6.2 Telephone Instruments.
6.2,1 Two-Wire Field Type. Standards for two-wire field type tele-
phones apply to a large inventory of telephone instruments that are in wide-
spread use for tactical field applications, It is to be expected that they

will be used for many years until phased out by four-wire instruments or
other more modern designs.
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6.2.1,1 Terminal Impedance. The terminal impedance of the telephone
set shall be 600 Ohms hat 104, Permissible phase shift shall lie between
the limits of 0° and +20°, |

6.2,1,2 Sidetone, A sound pressure of 28 dynes per square centimeter
from a 1000 Hz source into the transmitter shall produce a sound pressure
of 6 dynes per square centimeter from the receiver in conjunction with a
six cubic centimeter coupler.

6.2.1.3 Electromagnetic Interference Characteristics. Refer to
MIL-STD-461.

602010y Transmit Direction.

602,101 Output Power Level, A 1000 Hz signal with a scund pressure
of 28 dynes per square centimeter at the grid of the transmitter shall
produce -6 dBm + 2 4B into a 600 Ohm load measured at the 2-wire output of
the telephone set.

6.2,1.102 Amplitude Clipping Level, No amplitude clipping shall
- occur below a sound pressure corresponding to +3 dBm.

602.1..3 Amplitude vs Frequency Characteristic., The output in the
transmit direction shall have a 2 dB per octave slope rising from 500 Hz
to 3000 Hz., The output at 300 Hz and 3500 Hz shall not be more than 3 dB
dovn relative to the extrapolated value of the slope.

6.2.14.4 Noise, The noise output in the transmit direction shall
be not greater than -4O dBm with no input sound pressure.

60201el.5 Signaling Generator Output.

602,1.14.5,1 Level, The output power available from the signaling
generator shall be 1.75 Watts into 1500 Ohms,

6020lolio502 Frequency., A crank speed of 200 rpm + 5 rpm shall pro-
duce a frequency of 20 Hz,

6.2.1.5 Receive Direction.

602,1.5.1 Sensitivity. A 1000 Hz input to the telephone set at a
level of -32 dBm at the 2-wire input to the telephone set, shall produce
a sound pressure from the receiver, in conjunction with a six cubic centi-
meter coupler, of 2 dynes per square centimeter, '

6.2,1.5.2 Amplitude Clipping Level. No amplitude clipping shall ocour
with inputs of +3 dBm or less. . .

662,1.5.3 Amplitude vs Frequency Characteristic. ‘Relative to the re-
sponse at 1000 Hz, equal input power at frequencies from 500 to 3000 Hz

shall produce an output sound pressure within 3 dB of the sound pressure
at 1000 Hz,
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6.2.1.5.4 Harmonic Distortion. The total harmonic distortion in the
receiver direction shall be less than 5% for all input signals within the
band 300 to 3500 Hz with input level at O dBm,

. 642.1.,6 Ringer.

642.1.6,1 Impedance. The impedance of the ringer shall be not less
than 6000 Ohms at 20 Hz and 35 Volts, and the inductance of the ringer
shall be not less than 15 Henries at 2 Volts and 900 Hz.

642.1.6,2 Input Sensitivity. The ringer shall be actuated by an in-
put to the ringer of 25 Volts at 15 Hz, and 38 Volts and 25 Hz.

6.2,1.7 Control and Supervision.

642,1.7.1 Local Battery. For the local battery mode of operation,
microphone power shall be integral with the telephone set. Signaling to
the other end of the line (magneto switchboard or other telephone) shall
be achieved by a hand driven 20 Hz generator integral to the telephone
set, A 20 Hz ringing signal introduced at the far end of the line (magneto
switchboard or other telephone) shall actuate an alarm integral to the
telephone set. This alarm shall be visual or audible or both.

6.2,1.7.2 Coammon Battery Supervision. In the common battery super-
vision mode of operation,.microphone power shall be integral with the
telephone set., Signaling to other end of the line (switchboard only)
shall be achieved by dc closure. Ringing from the far end of the line
shall be an integral alarm actuated by a 20 Hz signal.

6.2.1.7.3 Coammon Battery., In the common battery mode of operation,
microphone power shall be provided by the switchboard over the line,
Signaling to the switchboard shall be by dc closure. Ringing from the
switchboard shall be by an integral alarm actuated by a 20 Hz signal.

642.2 Two-wire and Four-wire Commercial., When necessary to employ
camercial telephones in the military communication system, these tele-
phones shall meet the applicable electrical requirements for field tele-
phones insofar as practicable, A military version of a commercial tele-
phone is used in some tactical systems, For a description of its electri-
cal characteristics refer to DCAC 370-V165-1, For further information on
use of this telephone in tactical systems refer to paragraph h.2.2.

6.2.3 Four-wire Field Type.
6.2.3.1 Transmission Characteristics.

6424341s1 Output (Transmitting Direction), A 1000 Hz acoustic tone,
with a sound pressure of 28 dynes per square centimeter, applied at a
distance of % inch from the mouthpiece of the microphone, shall produce an
electrical output power of -4 dBm into a 600 Q oad measured at the 4-
wire output of the telephone set. Permissible variations shall be within
the limits of -2 dBm and -9 dBm.
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6.2.3,1.2 Limiting, Transmitting Direction. Limiting shall not occur
for outputs (para 6.2.3.1.,1) below +3 dBm,

6.2.3.1.3 Receiver Sensitivity. A 1000 Hz signal at a power of -32
dBn inserted at the lj-wire receive .terminals of the telephone set shall pro-
duce a sound pressure from the receiver, in conjunction with a 6 cubic centi-
meter coupler, of at least 2 dynes per square centimeter, (In 4-wire
transmission it is permissible for the acoustical volume of the receiver to
be adjustable to suit the listeners preference for loudness.)

662,301t Limiting, Receiving Direction. Limiting shall not occur for
inputs to the L-wire terminals of the receiver of +3 dBm or less.

6+2.3,1.5 Harmonic Distortion, Transmitter or Receiver. The total
harmonic distortion within the band between 300 Hz and 3500 Hz produced by |
any single test frequency, of less power than that which would cause limiting
to occur, shall be at least 25 dB below the power of the test frequency.

6.2.3,1.6 Sidetone, Sidetone coupling within the telephone set shall
be provided, The coupling loss from transmitter input to receiver output
should be approximately 16 dB, The value is not critical, but should not be
so low as to cause singing nor so high as to be ineffective.

662.3.1,7 Audible Signal, The audible ringing signal produced by tele-
phone sets shall be at least 80 dB for field telephones and 50 dB for desk
- telephones above a sound pressure of ,0002 dynes per square centimeter mea-
. sured at a distance of 3 feet in any direction from the telephone set.

6+2:3.1.,8 Input and Output Impedance. The input and output impedances
. shall be 600 Ohms, balanced to ground, with a minimum return loss of 20 dB
~against a 600 Ohm resistance over the frequency range of 300 to 3500 Hz., The
electrli;cal balance shall be sufficient to suppress longitudinal cwrrents at
least 40 dB,

642,3.1,9 Noise, The noise output in the transmit direction shall be
not greater than -30 dBm with no input sound pressure.

6.2.3.2 Signaling, Signaling ,shall be in accordance with Table VIII,

6.3 Pacsimile Equipment.

6.3.1 Meteorological Facsimile Equipment, Facsimile is extensively
employed throughout the world for meteorological cammunications. The majority
of the systems in use are scheduled blind broadcasts employing wire or radio
facilities, When employing wire, amplitude modulation is employed and when
radio facilities are used, an ancilliary amplitude/frequency modulation con-
version device is required, » '

6.301.1 Meteorological Facsimile Transmitter.

6.3.1.1.1 Original Copy Size.
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Releasei

Single Tone
Function Freq. Hz Level -dBm Duration Remarks
Digits 1 697/1209 -7 +2 Subscriber
2 697/1336 Controlled
3 697/1477
N 770/1209
5 770/1336
6 770/1477
7 852/1209
8 852/1336
9 852/1477
0 941/1336
Seize 2250 o+ 2 Contimwous Min of 250 msec
cutoff by Seize Ack
Ring Trip 2250 -+ 2 i Contirmous |[Min of 250 msec
Tone cutoff by Ring-
. trip-trip
Recall/Line | 941/1209 -7+2 Subscriber
Priority Controlled
Release 2600 Yo+ 2 Contimuous |Cutoff by Release
with maxdimum | Ack.
of 3 to 10
sec.
Conference ol1/1h77 -7x2 Subscriber
Controlled
Conference | 941/1209 -7 +2 Subscriber
Controlled

MOTE: The tolerance on all frequencies is + 1.3% unless otherwise noted.

TABLE VIII

* TELEPHONE SIGNALS
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6e3elololol  Drum Scanners, The scanning system of the transmitter
shall accept an original copy 13 5/8 inches wide (473 mm) with tolerances
not to exceed +1/16 to -3/32 inches and 12 inches (305 mm) (or integral
multiples thereof) in length and of thickness no greater than 0,010 inch.

6036lolel.? Continuous Scanners., A continuous (flat bed scanner)
shall accept and properly scan an original copy 18 5/8 inches (473 mm)
wide and at least 2 inches long. The copy need not be precisely sized or
have square edges., NOTE: It is desirable that flat bed scanning devices
accept, but not necessarily scan, originals of greater width than 18 5/8
inches and of indefinite length.

6¢3.1.1.2 Original Copy Characteristics, The facsimile scanner shall
be designed to accept any original copy normally used for meteorological
charts and shall have a spectral sensitivity corresponding to the RMA S-l
photo-surface, It shall transmit marks on the copy made by any visible
color used for printing, NOTE: The inclusion of an automatic level con-
trol system capable of compensating for variations in the background
density or color of the original copy is desirable to eliminate manual
adjustments between copies.

6¢3s1.1s3 Scanning Line Length. The total length of the scanning
+ line shall be 18,85 inches (478.8 m). :

6.3.1.1:4 Scanning Direction, The scamning direction shall be normal
(corresponding to a left-hand Helix).

6.3:1.1¢5 Dead Sector. A sector at the end of the scanning line 0.5
: inches in length shall be provided which shall not be optically scanned,
+ This dead sector shall coincide with the time position of the phasing
. signal (see para 6.3.1.1.13.2) when the phasing signal is transmitted,
The signal transmitted by the transmitter when scanning the dead sector
shall be the equivalent of scanning % inch of full black and then % inch
of full white, NOTE: This characteristic signal is specified to permit
manually phasing a facsimile recorder under adverse transmission condi-
tions and to provide information for an automatic control system for the
recorder,

663:1.1.6 Scanning Speeds, The scanning speed shall be 60, 90, and
120 strokes per minute., The selection of the scanning speed shall be by
means of a suitable control on the device and rapidly made by tle machine
operator,

6.3.1.1.7 Line Advance. The line advance shall be 1/96 inch (0,25 mm).

6.3.1,1,8 Scanning Spot Size, The scanning spot size shall be ,010
inch x 0,010 inchy, and be constant along the scanning line.

576 6.3.1,1.9 Index of Cooperation. The index of cooperation shall be
T76.
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6¢3.1.1.,10 Scanning Linearity. To protect the dimensional fidelity
of the system, the physical position of the scanning spot shall not de-
part from the theoretical position thereof by more than 1/96 inch per
inch of scamned copy. This relation applies in the direction of the
scanning line as well as perpendicular to it.

643,1.111 Signal Characteristics.

6,3.1.1,11.1 Signal Output Characteristics. The signal output of the
facsimile transmitter shall be adjustable between +10 dBm and -10 dBm.
The output impedance shall be 600 Ohms, balanced to ground, with a minimum
return loss of 20 dB against a 600 Ohm resistance over the frequency range
of 300 to 3500 Hz. The electrical balance shall be sufficient to suppress
longitudinal currents at least 0 dB, No signal shall be transmitted when
the transmitter is in standby or idle condition. A suitable output signal
level monitor will be provided. The carrier frequency shall be a sinusoi-
da% voltage of 2400 Hz maintained at an accuracy of at least 3 parts per
10

6¢3.1.1e11.2 Signal Contrast. The signal conbrast shall be 20 dB
+ 2 dB and black transmission shall be employed, NOTE: It is desirable
That either black or white transmission be provided on a selectable basis,

643.1.1.11.3 Halftone Characteristic. The voltage output/copy density
relation of the transmitted signal shall be nominally linear,

6.3.1,1.12 Synchronization,. The scanning rates of the transmitter
shall be controlled by a self-contained frequency standard maintained at
the assigned frequency within 3 parts per million., The frequency driving
the synchronous drive system of the scanner shall be 300 Hz or an integral
multiple thereof,

643.1,1.13 Control Functions., To effect automatic operation, it is
necessary to transmit to a facsimile recorder a start command, a signal to
permit recorder phasing, and a stop command, The transmitier operating
cycle shall conform to this cycle as follows:

6¢3.1.1.13.,1 Start Tone. When activated, the transmitter shall trans-
mit alternate black and white levels modulated at a rate of 300_+0.l
times per second for a period of five seconds,

643,1.1.13.2 Phasing Signal, Immediately after cessation of the start.
signal, a black signal, interrupted by a white pulse of duration of not ‘
less than 2.5% and not more than 5% of the scanning line and coincident
with the leading edge of the dead sector (see para 6,3.l.l.5) shall be
transmitted, This signal shall be transmitted for between 15 and 20 sec-
onds., Upon termination of this signal the transmitter shall initiate
scanning of the copy.

6.3.1.1.13.3 Stop Tone. Upon completion of the scanning, the trans-
mitter shall autamatically transmit an alternate black and white signal

19


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

interrupted at a rate of 450 + 0.1 times per second for a period of not
less than 4 nor more than 10 seconds,

603+1.1.13.i Manual Operation. Controls shall be provided on the
tranamitter to permit the operator to start, or stop the transmitter, or
transmit phasing signals mamually. Provisions shall also be included
within the transmitter to permit the operator to transmit unmodulated
black or white signals indefinitely for circuit adjustment purposes.

6.301.1.11 Power Requirements., No power requirements are stipulated
in these standards, however, no information ar frequency obtained from
the power source shall be utilized to derive any frequency or timing rates
within the transmitter.

6.3:1.2 Meteorological Facsimile Receiver.,
643.1.2,1 Recorded Copy Size,

663elo2.1.1 Drum Recorders. The drum of these recorders shall accept
recording media 18 5/8 inches wide with tolerances not to exceed +1/16 to
-3/32 inches and-12 (or integral multiples thereof) inches long.

6.3.1.2,1.2 Contimious Recorders, The continuous recorder shall
accept a j00 foot roll of recording media, wound on a core of 1 inch,

¥4 inch, inside diameter, 18 5/8 (+1/16 to -3/32) inches wide. If pres-

- sure sensitive recording techniques are employed, the transfer tissue

shall be supplied from a spool 400 feet in length, wound on a core of 1

. inch +% inch inside diameter, and 18 5/8 inches (+3/8 to -0 inches) wide,

6¢3s102.2 Scanning Line Length. The total length of the scanning line
. shall be 18,85 inches (478 mm).

6.3.1.2,3 Scanning Direction, The scanning direction shall be normal
(corresponding to a left-hand Helix). '

6e301s2.4 Scanning Speed, The scanning speed shall be 60, 90, and
120 strokes per mimute., The selection of the scamming speed shall be by
means of a suitable control on the receiver and made by the machine opera-
tor.

6.3+1.2,5 Line Advance, The line advance shall be 1/96 inch (0,25 mm).

-. 6.3.1.2,6 Recording Spot Size, The recorded spot shall be 0,010 x
0.010 inches, :

o6 6.3.1.2,7 Index of Cooperation. The index of cooperation shall be

6.3,1.2.8 Dead Sector. The signal transmitted during the interval the

tranamitter is scanning the dead sector may be blanked within the recorder
if operationally desirable,
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6.3.1.2.9 Dimensional Stability. Dimensional distortion between the
transmitted and received copy shall not exceed 0,010 inch per linear inch
when measured along the scanning line or perpend.lcular to the scanning
line.

6.3.1.2,10 Signal Characteristics,

6.3.1.2,10,1 Input Circuit. The input circuit shall have nominal
impedance of 600 Ohms, balanced to ground, with a minimum return loss of
20 dB against a 600 Ohm resistance over the frequency range of 300 to
3500 Hz, The electrical balance shall be sufficient‘to suppress longitu-
dinal currents at least 40 dB. The input circuit shall be designed to
withstand the ringing voltage impressed on a telephone circuit,

6e3¢1.2,10,2 Input Power Level, The receiver shall operate properly
when input signal corresponding to white signal power levels between -10
dBm and -56 dBm is received, A

6.3.1.2,11 Operating Controls. A gain control, an independent den-
sity control, a manual phasing control, and a start and stop control shall
be provided in a convenient location on the receiver. A white/black
transmission selector is desirable.

6.3.1.2,12 Synchronization. The scamning rates of the recorder shall
be controlled by a self-contained frequency standard maintained at the
assigned frequency within 3 parts per million. The frequency driving the
synchronous drive system of the receiver shall be 300 Hz or an integral
mudtiple thereof,

6.3.1.2.,13 Control Functions, The facsimile recorder shall reliably
start, phase, and stop when signals are received from the transmitter. It
shall be possible for the operator to override any autamatic function with
operating controls described above,

6.3.1.2,14 Power Regquirements., No power requirements are stipulated
in these standards, however, no information or frequency obtained from the
power source shall be utilized to derive any frequency or t:.nu.ng rate with
the receiver.

6.3.2 Meteorological Facsimile Receiver (Small Format).

6.3.2.) General., The facsimile receiver shall employ continuous re-
cording techniques and a recording medium capable of resolving at least
200 lines per inch, The receiver shall employ a recording medium that is
stable in its operating enviromment, has indefinite storage life, and does
not fade upon exposure to light. The capability of the receiver to pro-
duce multiple copies and reproducible on office type duplicators is
desired.

6.3.2.2 Recorded Copy Size. The recorded copy shall be 85 inches
wide, The length is dependent on the duration of the transmission. The
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1+ % inch inside diameter core and if carbon tissue is employed, the
carbon tissue shall be supplied from a separate roll of 40O feet spooled
on a core 1 + % inch inside diameter. '

recorder shall ‘accept a 400 foot roll of recording medium spooled on a .

6,3.2.3 Scanning Line L‘ength° The total scanning line length shall
be 8.6l inches (220 mm).

6,3.2.l4 Scamning Direction. The scanning direction shall be normal
(corresponding to a left-hand helix), :

~ 6.3.2,5 Scanning Speed, The scanning speed shall be 60, 90, 120, and
180 strokes per minute, The selection of the scanning speed shall be by
means of a suitable control on the receiver and made by the machine opera-
tor.

6,3.2,6 Index of Cooperation. The indices of cooperation shall be 576
and 264, Selection of the index shall be accomplished by a suitable con-
trol on the receiver and made by the machine operator, MNOTE: Certain
meteorological charts are transmitted at an index of 288, Operation using
an index of 26l when recording these transmissions will result in negligible
dimensional distortion. The capability to operate at an index of coopera-
. tion of 26l standard affords interoperability with other facsimile systems
‘without dimensional distortion.

. 643.2,7 Line Advance, The line advance shall be 1/209.5 or 1/96 inch
(selected by the index of cooperation control).

6:3.2.8 Recording Spot Size. The recorded spot size shall be 1/200 .
inch X 1/200 inch,

6.3.2,9 Dead Ssctor., The signal transmitted during the interval the
transmitter is scanning the dead sector may be blanked if operationally
desirable, '

6:3.2,10 Signal Characteristics,

6.3+2,10,1 Input Circuit. The input circuit shall have a nominal im-

. pedance of 600 Ohms, balanced to ground, with a maximum return loss of 20 dB
against a 600 Ohm resistance over the frequency range of 300 to 3500 Hz,

The electrical balance shall be sufficient to suppress longitudinal currents
.at least 4O dB, A high impedance bridging input of at least 2500 Ohms shall
also be provided. The input circuits shall be designed to withstand the
ringing voltage normally impressed on a telephone circuit for signaling.

6.3.2,10.2 Input Power level, The receiver shall operate properly

when an input signal corresponding to white signal power levels between
-10 dBn and -56 dBm is received.

603,2.11 Operating Controls, A gain control, an independent density
control, a manual phasing control, a start/stop control and a white/black
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transmission selector shall be provided in a convenient location on the
receiver, : :

6.3.2.12 Synchronization. The scanning rates of the recorder shall
be controlled by a self-contained frequency standard maintained at the
assigned frequency within 3 parts per million. The frequency driving the
synchronous drive system of the receiver shall be 300 Hz or an. integral
multiple thereof.

6.3.2.13 Control Functions. The facsimile recorder shall reliably
start, phase, and stop wien activated by the transmitted signal. It shall
be possible for the operator to override any automatic function with the
operating controls described in "Operating Controls" above. The receiver
shall start one to three seconds after receipt of a 240C Hz signal from
the transmitter; autometically switch into a phasing mode for 10-12
seconds; and then automatically switch into the recording mode. The re-
ceiver shall stop three to five seconds after the 2400 Hz signal disappears
and shall then be capable of immediate recycling.

6.3.2.11 Power Requirements. No power requirements are stipulated.
in these standards, however, no information or frequency obtained from the
power source shall be utilized to derive any frequency or timing rate '
within the receiver, ‘ o _

6.3.3 General Purpose (Black/White) Facsimile Equipmeht. This type of
equipment is intended for transmission of message, sketches, maps, hand-
written information and other essentially black and white graphical infor-
mation. :

6.3.3.1 Original Copy Size. The copy shall be any width up to &s
inches and of any length (contiruous scanning). Due to man-machine problems
of aligning long copy practical limits may have to be applied as detérmined
by user's requirements. For example a.five foot length may satisfy the
requirement to send overlays. :

6.3.3.2 Scamning Direction. The scanning direction shall be normal,
that is at the transmitter, the plane of the original copy shall be scanned
at a uniform rate along lines running from the upper left to the upper
right, commencing at the top left-hand corner of the scanned area and
‘finishing at the bottom right-hand corner (left hand helix). '

6.3.3.3 Scanning Line Length. The Total Scanning Line Length shall
be 8.64 inches. The Total Line Length is defined as the scamning spot
velocity divided by the scanning line frequency (lines per unit time) and
therefore includes a pseudo length corresponding to a dead sector or the
flyback time of flatbed scanmers. :

6.3.3.4 Dead Sector. Between the end of the scaming of the available
line and the start of the acamning of the following line there shall be a
dead sector or non scanning period during which black signal shall be trans-
mitted. The duration of the dead sector signal shall be 2§ of the total
scan line duration. '
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6.3.3.5 Scamning Speeds. The normal scanning speeds shall be 90 and
180 strokes or lines per mimute (LFM). These permit operation over voice
bandwidth wire or radio circuits or over 2400 bit/sec digital circuits.
For wider band circuits higher scanning speeds are possible and these shall
be selected as multiples or 180 LB,

60303@6 Line Advance. The line advance shall be 1/96 inch (0.26 mm)
per line of copy.

6.3.3.7 Resolution. There shall be 800 or more elements im the Total
Secanning Line Length. .

6.3.3.8 Index of Cooperation. The imdex of cooperation shall be 26k,
6.3.3.9 Signal Characteristics.

6.3.3.9.1 Signal Types. The facsimile equipment shall be capable of
operating with three types of signals, AM, FM, and Digital as follows:

a. AM. The tramsmitted cutput shall be a 24,00 Hz carrier amplitude-
modulated in accord with the demsity of the graphical material being
scamned. Operation will be over voice bandwidth or 2400 bit/sec circuits.

. White level shall be O dBam + 1 éB. Impedance shall be 600 Ohms + 30%
balanced to ground withim 1¥. Voltage output vs copy density shall be
nominally linear. The receiver shall be capabls of operating from the
transmitter via circults with a gain-attemmation characteristic betwesn + 10
.dB and -36 dB. Receiver impedamce shall be at least 2500 Ohms for bridging.
Input circuits shall be designed to withstand ringing voltages normally
-impressed on a telsphone circuit for signaling.

b. M. The transmitter output shall be a comstant level of O dBm + 1
dB into 600 Ohms with a frequency that varies from 1500 Hz for white to
2300 Hz for black copy.

The receiver shall be capable of operating from the transmitter via
circuits with a gain-loss characteristic betweem + 10 dB and -36 dB.
Receiver impedance shall be at least 2500 Ohms for bridging. Input circ-
“cults shall be designed to withstand ringing voltages normally impressed
. on a telephone circuit for signaling.

¢c. Digital. The graphical information being scanned shall be resolved:
into white, light gray, dark gray, and black digital signals as followss

White - 11
_Light gray - 10
Dark gray - 01
Black - 00

Output levels shall be +6 volts for "1 condition and -6 volts for “OM
condition. Transmitter and receiver shall match the Digital Standard
Interface (low level), paragraph T.2.1.
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6.3.3.10 Recording. Recording shall be of the contimous type and

" preferably be on plain paper 8%" wide (nominal) at least 150 feet long.
Paper supply shall be rolled on a core with inside diameter of 3/8 to

1 3/8 inches., It is desirable that, by a change in stock to a transparent
material, recordings be made which can be used for display by projection.
Through use of other recording media it is desirable that reproducible
masters be obtained directly for use on reproduction equipment common to
user elements.

6.3.3.11 Synchronization. The scanning rates of the transmitter and
recorder shall be controlled by a frequency standard contained in each set
and maintained at the assigned frequency within 3 parts per million. The
scanning rate shall also be capable of being controlled by an external
clock. For digital operation the transmitted bit rate shall be controlled
by the internal standard or by the clock of the external system.

6.3.3.12 Control Functions. Mammal and automatic control of the
facsimile equipment shall be provided.

6.3.3.12,1 Manual Operation. Controls shall be provided on the trans-
mitter to permit the operator to start or stop the transmitter. Using a
hold-down switch the operator shall also be able to transmit steady black
or white signals indefinitely to permit circuit or equipment adjustment.
The receiver shall have a gain control, an independent density control, a -
mamal phasing control a start/stop control and a black/white-transmission
selector. These controls shall permit the operator to override any auto-
matic fanction.

6.3.3.12.2 Automatic Operation. Upon insertion of a copy to be sent
or upon operation of a "send" control the transmitter shall automatically
send the start, phasing, information (picture) and stop signals as follows:

a. AM.

Start Transmitter sends 2400 Hz carrier for S
seconds. Receiver starts in one to 3
seconds then switches to phasing mode.

Phasing White signal interrupted by black level
for 2% of scan line time prior to start
of each line and in line with dead sector.
Phasing signal is sent for 15 seconds.
Receiver antomatically phases.

Information Modulated carrier.

Stop No carrier sent. Receiver is ready for

restart within 2 to 3 seconds.
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b. M.

Initial Conditiom

Phase

Information

Stop

c. Digital

Initial Condition

Phasing

Information

.Stop

6.3.4 -Commonality between Meteorological amd General Purpoae Facs:i.mile
Equipment. In pgractice it is feasible to cemstruct single equipments meeting

Send steady white signal. Receiving
converter looks for phasing signals then
provides 2400 Hz to facsimile receiver
for 5 seconds.

Send white interrupted by black frequency
for 2% of scan line time prior to start
of each line and in line with dead sector.
Signal sent for 15 seconds. Receiver
automatically starts and phases.

Frequency Shift.
Pransmitter reverts to initial condition.

Receiver stops and is in readiness for
next cycleo

Send steady white (mark). Receiver looks
for phasing signal. . o

white interrupted by black signal for 2%
of scan line time prior to start of each -

line and in line with dead sector. Send .

for 15 seconds for speeds up to 180 LFM
and for 15 scan lines for higher speeds.
Receiver starts and phases.

Digital stream of 0's and 1"s (spaces and
marks). ’

Transmitter reverts to imitial condition-
(steady white). Receiver stops and is in
readiness for mext phasing signal.. -

the interoperability requirement of the meteorclogical and general purpose

equipments. In a specific instance the gemeral purpose receiver capable of

recording 8" wide copy at 90 and 180 LP¥ and an Index of Cooperation of
26l can by means of operator comtrols also operate at the meteorological
speeds of 60, 90 and 120 LPM with an Index of Cooperation of 576. Signal
sense must also be reversed since white is maximmm level for the general
purpose set and black is maximmm for meteorological facsimile. Recording
in this case is & for both types of recording but to accomodate the Index
of Cooperation change the mumber of limes per imch is changed from 96 to
209.5. There is less requirement for the transmitter to accomodate both
standdzds than for the recorder since most original copy must be utilized

in its original size.
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. 7. TELEGRAPH AND DATA TRANSMISSION

7.1 General, This section deals with standards for single channel
and miltichannel binary circuits that provide for transmission of binary
dc signals between end instruments or between switches to which such end
instruments may be c amnected by loops. Transmission is usually accom-
plished by converting the binary dc signal into a quasi-analog form for
transmission over channels that will not transmit signals in dc digital
form. Characteristics of a mumber of conversion devices (modems) are
standardized in order to accommodate the variety of data to be transmitted
and the different types of transmission media available. For wire and
cable transmission media, signals may be transmitted in dc digital form
(without conversion to quasi-analog form) over relatively short distances.

7.2 DC Digital Transmission Reference Systems.

7.2.1 Standard Interface (Low Level), The following characteristics
shall be applicable to signal, clock, and control circuits for all mili-
tary digital dc communication equipment where a binary interface appears.
The standard interface shall apply to all equipment other than equipment
in a controlled enviromment, For these purposes a controlled envirorment
is defined as equipment which will not normally interface with the equip-
ment of other services, or which is packaged so as to form a campletely
functioning unit which will not normally have its internal stages or
components connect directly into the communications network., Where this
complex interfaces with the transmission medium, it will observe the
standard. Eguipment specifically included where the interface is applied

. shall be teletypewriter, data terminal, the local side of signal conver-
sion (modem) equipment, and both the loop and line side of cryptographic
or cryptographic control equipment, as applicable., The standard interface
shall be applicable to remotely operated equipment where the interface is
at the dc baseband. This standard interface shall apply to equipment with
modulation rates suitable for transmission over I kHz analog channels, and
may be employed at transmission rates higher than this. Alarm and control
circuits not directly related to the data or clock timing may be excluded, -
This standard shall not be construed to imply that equipment operating
over a modulation rate range in excess of that suitable for L kHz analog
channels must have different input characteristics over different portions
of its operating range. The standard low level interface is specified in
Figure 5, Appendix B,

Te2.1el Transmitter Cutput Voltage. The open circuit transmitting
voltage shall be positive and negative 6 + 1 Volts. Ripple shall be less
than 0,5% under normal operating conditipns, The balance between the marking
and spacing voltages shall be within 10% of each other,

T7+2.1.2 Transmitter Source Impedance. The transmitting source im-
pedance shall not exceed 100 Ohms (50 Ohms DO) for currents whose magni-
tude is less than 0,01 Amperes. The maximum short circuit current de-
livered to the interface shall not exceed 0,1 Amperes. _

T7.2.1.3 Transmitter Wave Shape., The wave shape delivered to the
interface shall have a rise time no faster than 5% of the duration of the
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Unit interval. The waveshape shall be such that the rise and fall times,
(defined as the time required for the pulse to go from 10% to $0% of its
peak-to-peak value) shall be within 5% to 15% of the unit interval at the
applicable modulation rate. (See paragraph 7.10.L for an exception to the
15% maximum waveshape limit on clock signals.) Transitions in both direc-
tions shall be reasonably equal within the limits specified above and be
equally affected by shunt capacitance across the line, Properly shaped
waveforms shall exhibit smooth exponential curves and contain no points of
inflection prior to obtaining maximum amplitudes, (See Fig 21.) For those
devices which operate at one specific rate, the waveshaping network shall

be selected to meet the 5 to 15% requirements for that rate, For those de-
vices which may be manmually or automatically shifted to different modulation
rates, the required waveshaping shall be accomplished at least at the highest
modulation rate. The waveshape shall be measured at the output terminals.
of the transmit device if waveshaping is provided internally. If waveshaping
is accomplished externally, interconnecting leads between transmit device
and waveshaping unit shall not exceed 8 inches in length. The measurement
shall be accomplished at the output terminals which shall be terminated in
47 to 68 kOhms resistive load for the purpose of the test,

7.20.1.t Receiver Input Resistance., The minimum input resistance of a
single receiver:device shall be 6000 Ohms. (DO, 45 kOhms to 68 kOhms. )
The input resistance of devices to operate at modulation rates in excess
of 200 kilobaud is not defined at this time due to the ln.mlted data avail-
able for standardization purposes.

7.2.1.5 Receiver Input Capacitance., The input capacitance of the
receiver device shall not exceed 2500 picofarads.

T.2.1.6 Receiver Sensitivity. Maximum operating current required
(that current at which the device changes its state from mark to space or
vice versa) shall be ,0001L Amperes with a minimum input resistance of 6000
Ohms., (DO, 45 kOhms to 68 kOhms is 15.6 to 7.4 microAmperes over a Voltage
range of 5 to 7 Volts.) Minimum input circuit sensitivity required shall
be such that correct operation of the device shall be effected on current
levels of these magnitudes. A marking current not in excess of ,0001 Amperes
(DO, 15.6 to 7.4 microAmperes) shall cause the receive device to correctly
assume the marking (one) state, while a spacing current of the same magnitude
shall cause the receive device to correctly assume the spacing (zero)state.
The balance between the marking and spacing current actually required shall
be within 10% of each other,

7.2.1,7 Signaling Sense, A positive voltage between line and signal
ground shall be used to indicate a marking state- a negative voltage shall
be used to indicate a spacing state,

To201,8 Signal Connection, The primary standard for connection be-
tween end instruments and communication links shall be by serial transfer
or bits on a s:.ngle data line,

7+2.1.8.1 ~Serial Connection., The primary standard for connecting
sources to sinks shall be by a serial transfer of bits on a single data
line (one pair of wires). When the source is conmected to several sinks
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simltaneously, the number of such sinks shall not cause the steady state
line current at the source to exceed 0,001 Amperes, plus/minus 20%, and
all sinks shall be comnected in parallel,

7.2,1.8,2 Parallel Commection, As an optional method, parallel data
lines may be used to comnect sources to sinks. The information transfer
in this connection is serial-by-character, parallel-by-bit. The modula-
tion rates specified in paragraph 7.2.6. :

7.2.,2 Interim Standard Interface (High Level). In the following
paragraphs the interim standard interface for military systems is defined.,

However, the user is cautioned that telegraph systems of different charac-
teristics are encountered.  The following is provided for guidance:

In the United States:
Voltages: 24, 48, 60, 75, 130 V, »
Currents: 20, 60, 65, 75 milliAmperes,

Sense: ‘Positive and negative in neutral, polar and polarential
circuits, '

Battery Source Impedance: High and low,
In Other Countries:

Volts MilliAmperes Sense (Mark)

United Kingdom 80 20 -
France 48 20 +
Spain ' 80 20 +
Norway . 60 20 -
Germany 60 & 2l 20 -&+

International: The standard for international boundary crossing pur-
poses is 48 Vdc polar, 20 mA, positive marking, (See Fig L, Appendix B,)

A1l normelly utilize polar and low impedance battery sources.,
: 7+2.2,1 Transmitter Output Current. The interface (high level) shall
be a polar signal at 20 mA (+ 10%). A neutral interface (high level) is
acceptable and may be either a current of 20 mA (+ 3%) or 60 mA (+ 3%).

7¢2.2,2 Transmitter Output Magnitude. The standard polar circuit
shall be *+ 60 V (+ 2%) for high performance facilities and + 60V (+ L%)
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for low performance facilties. The standard nmeutral circuit shall be 130
Volts (+ 2%) for high performance facilties and 130 Volts (+ 4%) for low per-
formance facilities. NOTE: Certain US Military electronic telegraph ter-
minal equipments utilize upwards of 30 Vdc (referenced to the signal ground)
in their output circuit. Such equipment shall be isolated from the cable
plant by suitable relays or other isolation devices to prevent destruction
of the cable or hazard to human life. Lo :

7.2.2.3 Source Impedance. The battery (or eqiivalent) source. ch
at the transmit contacts, or equivalents) should not exceed 150 Ohnms,
essentially resistive. : r C :

: 7.2.2.4 Waveshaper. The standard polar waveshaper for dc telegraph sig-
nals with modulation rates up to 150 baud shall be 200 Ohm, 10 Watt wire-
wound, + 10% resistor connected between the transmitting device and the line
(see Fig L, Appendix B). The line side of the resistor shall be shunted to
the signal ground by a 1 microfarad capacitor, 10% tolerance, with a capaci-
-tor working voltage of 200 Volts. Local circumstances may dictate a reduc-
tion in the size of the capacitor on long lines (in excess of 10 miles) or
‘on lines exhibiting high capacity. The objective is to provide the maximum
waveshaping possible at the transmitting point to reduce or eliminate mear
end crosstalk and/or to minimize the tendency of the receive relay to bounce.
The RC network indicated above has been shown adequate in almost all cases
within and outside of the US. The waveshaper for neutral signals is not
specified. . o L -
7.2.2.5 Comtact Protection. Transmit contacts (or equivalents) shall

be protected by fuses, ballast lamps (such as FSN 5905-335-06L);) and/or
resistors (not to exceed 150 Ohms in each mark and space contact lead).

7.2.2.6 Receiver Semsitivity. The input sensitivity of mechanjcal
or electronic, polar relay driven, printing telegraph equipment shall be
in the 2 to L mA operating differential region. That is s a change from
32 mA to 28 mA on a 60 mA neutral signal shall cause correct operation of
the receive device, or, in the case of a polar signal, a change from +2 mA
through 0 to -2 mA should cause correct operation of the receive device. -

7.2.2,7 Signaling Sense. A positive voltage between the line and signal
ground or the lower frequency of a two<tone FSK signal shall be the marking
state. ’

7.2.3 Signal Paths. The standard dc signal path shall be either 2-wire
with metallic ground or earth return or L-wire full metallic for a single
full~duplex circuit. It is to be noted that a distinction is implied be-
tween ground and earth return. Use of the first tem is meant to imply
that a single metallic path, either insulated or not insulated from the
earth is employed for the return path of one or more dc circuits; whereas
use of the term earth return is meant to imply that the signal current

literally flows through the earth on a nommetallie basis.

7.2.h Commnication Path Performance. The quality of a circuit shall
be expressed by the following formmlas: _ :

mumber of incorrect characters or bits X 100

- @. Path Error Rate % = = number of characters or bits sent
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number of characters or bits sent

theoretical # of characters or
bits that could be sent with error
detection/correction systems

ber of ctly received
c. Path Efficiency % - E“h‘iraﬁtgrscg?ﬁnly x X 100

umber { 1nc.Lu Tepea
and/or control characters) sent

b. Path Utilization % = X 100

7.2.5 Distortion Introduced by a Line or Loop (dc Digital). The
makimum total distortion introduced by the line, or loop, due to any com-
bination of causes (bias, fortuitous, cyclic or characteristic) shall not
exceed 1%, (There are a number of titles applied to various types of
distortion. To avoid confusion, the usage of the titles listed above
together with their interpretation as defined in Section 2 is encouraged.)

T.2.6 Modulation Rates. The preferred modulation rates at the stan-
dard digital interface shall be:

(1) 25 x 2™ baud:

(2) 50,0 baud:

(3) 175.0 x 2™ baud ,

Where m is the positive integers O; 1; 2,5..., €tC,

: 7.3 Digital Data Modems. Digital transducers or modems (modulator-
demodulators) employ a variety of techniques for converting binary data
signals into a form suitable for transmission over an analog comunication .

. channel, Various modulation techniques are in cammon use in military com-
munication systems, and no single technique has been found to be optimum
for all applications, The following general standards are appl:.cable to
all digital data modem equipments:

' 7.3.1 Standard Interface (Low Level). See paragraph T.2.l.
7.3.2 Modulation Rates. See paragraph 7.2.6,
7.3.3 Timing Characteristics. See paragraph 7.10.

T+3.4 Signal Interval, The device shall accept and deliver unit in-
terval signals, '

7.3.5 HF Data Modems. For those applications where 16 data tone,
differential phase shift keying is used as the modulation technique for
general bit synchronous data transmission over HF radio paths at data
signaling rates up to 2400 bits per second, the following standards apply:

7.3.5.1 Frequencies, The modulator shall transmit sixteen differenti-
ally-coherent phase shift keyed (DPSK) tones. The 16 tones shall be simul-
taneously keyed to produce a signal element interval of 13,33 milliseconds
for each tone. In addition, a separate tone for doppler correction shall
- be provided when required. The tone frequencies and spacing shall be in
gc;:.ordance with Table IX° Tone frequencies shall maintain an accuracy of
«l Hz, '
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TONE

3* 3*% 3* : 3#*

FREQUENCY (Hz) FUNCTION ' 2400 b/s 1200 b/s 600 b/s 00 b/s 150 b/s 75 .b/s
605 Contimous

Doppler tone
825 » Synchronization

Slot
935 - DATA 1 0&1l 0&1 -0 0 0 0
1045 . DATA 2 2&3 2&3 1 1 1 1
1155 - DATA 3 h&s L &5 2 2 0 0
1265 DATA L 6 &7 6 &7 3 3 1 0
1375 DATA 5 8 &9 8&9 L 0 0 0
1485 DATA 6 10&11 10& 11 5 1 1 0
1595 DATA 7 12 & 13 12 & 13 6 2 0 0
1705 : DATA 8 U & 15 1 & 15 7 3 1 0
1815 DATA 9 16 & 17 C 0&1 0 0 0 0
1925 DATA 10 18 & 19 2&3 1 1 1 0
2035 DATA 11 20 & 21 L &S 2 2 0 0
2145 DATA 12 22 & 23 6 &7 3 3 1 0
2255 DATA 13 24 & 25 8&9 L o 0 0
2365 DATA 1)y 26 & 27 10 & 11 5 1 1 0
2475 DATA 15 27 & 29 12 & 13 6 2 0 0
2585 DATA 16 . 30 & 31 1 & 15 7 3 1 0

#NOTE: For 600 b/s and lower rates, two phase modulation shall be used.

TABLE IX
BIT FLACEMENT FOR VARIOUS DATA SIGNALING RATES

9081~ S~TIN
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7.3.5.2 Modulation Encoding, The modulation scheme shall employ four
phase encoding for 2400 and 1200 bit per second data signaling rates and '
two phase encoding for 600, 300, 150 and 75 bit per second data signaling
rates in accordance with the following diagram:

Op 0e (-225°) loOe (-315°)
For two phase
encoding the -45°
and -2259 vectors
shall be used /\ 0°.

Osle-135°) Iy 1, (-45°)

FIGURE 22

The subscripts refer to the odd and even bit numbers and the phase in
degrees is with regard to the previous signal element,

7.3.5.3 Modulation Rate. The modulation rate of the composite audio
signal shall be 75 baud, Tre modulation rate shall be constant for all
input data signaling rates up to‘2lp;00 bits per second, '

To35.4 Modulétor Output Level. The output level of the modulator ’ .
shall be adjustable between minus 20 and O dBm.

: 7.3.5.5 Impédance, The transnit and receive impedance on the trans-
nis sion channel side of the modem shall be 600 Ohms, * 10% resistive and
balanced, ,

703.5,6 Demodulator Input level. The demodulator shall have a dynamic
range sufficient to accept and process, with uniform performance, input
signals from minus 40 dBm to O dBm,

7.3.5.7 Synchronization, Upon receipt of a "transmit"” command, the
modem shall initiate a synchronization preamble consisting of two tones,
605 Hz and 1705 Hz for a duration of five signal elements (66,65 milli-
seconds). The 605 Hz tone shall be ummodulated and used for doppler o
correction when required. The 1705 Hz tone shall be phase shifted 180
for each signal element and used to obtain proper modem synchronization by
the receiver., During the preamble, the level of the 605 Hz tone shall be
7 + 1 dB higher than the level of the 1705 Hz.tone., The RMS value of the
composite audio output during the preamble shall be within 1 dB of the RMS
value of the transmitter output during normal data transmission when all
data tones are transmitted. At the campletion of the preamble all data
tones will be turned on for a time equivalent to one signal element (13,33
milliseconds) prior to transmission.of data in order to establish a phase
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reference, Following the synchronization sequence, synchronization shall
be maintained by sampling the signal energy in the 825 Hz slot. No tone
shall be supplied in the modulator at the 825 Hz frequency.

7.3.5.8 Doppler Correction, }?6r those applications where a doppler
correction capability is required, the 605 Hz tone shall be used.

703.5.9 Inband Diversity Combining. Inband diversity combining shall
be accomplished at all data signaling rates lower than 2400 bits per
second, The channels shall be combined in accordance with Table IX to pro-
vide either ratio squared or linear combining. The degree of diversity
combining shall be two times at 600 or 1200 bps, four times at 300 bps,
eight times at 150 bps and sixteen times at 75 bps.

7.3.5,10 Demodulator Signal Alarm. Provision shall be made in the
demodulator to activate an alarm when the incaming signal from the trans-
mission channel falls below a preset level. The specific techniques and
levels to be used will be defined in the applicable modem specifications,

7.3.6 PSK Data Mbdehs. For those applications where differential
phase shift keying (DPSK) is used and where a voice channel data interface
with the DCS is required over other than HF radio at modulation rates up

to 2400 baud (a data signaling rate of 2400 bits per second) the following
standards apply:

7.3.6.1 Operating Requirements. The modem shall provide full duplex
operation, i.e., it shall be capable of simultaneous conversion of serial-
digital signals to a modulated analog signal on the transmit channel and
- demodulation of voice frequency analog representation of independent serial
digital signals originating from a distant modulator on the receive channel.,
The modulator shall accept a serial digital data signal at modulation rates
of 1200 or 2400 baud,

7.3.6.2 Modulator Carrier., The carrier frequency of the modulator

~ shall be 1800 Hz and shall be manually adjustable + 0.5 Hz. The long term
frequency- stability of the carrier shall be better than 1 part in 104 per
2l hour period; ~

703.6.3 Binary Encoder/Decoder, A data encoder shall be provided in the
modulator and a corresponding decoder in the demodulator, The encoder/de-
coder shall consist of a modulo 2 adder and a 2-bit shift register or equiva-
lent as shown in Figure 23, Encoding/decoding shall be accomplished at a
data signaling rate of 2,00 bits per second for the two data rates. Provi-
sion shall be made to employ the encoder/decoder on an optional strapping
or switch selectable basis to maintain synchronism during data inputs of
steady "ones" or “"one-zero" reversals,

~ To3s6.4 Modulator Output Signal. The data signal at the output of the
modulator shall be a synchronous differentially coherent quarternary phase
shift keyed signal., For a data signaling rate of 1200 and 2400 bits per
second at the modulator input, the line signal is always 1200 baud, The
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line signal shall be obtained by grouping the serial stream of binary
digital signals from the binary encoder (or from the data source if the

encoder is bypassed) into dibits. Upon determining which of four possible
bit sequences are contained in the dibit, the phase of the 1800 Hz carrier
is shifted relative to the phase of the carrier at the beginning of the
immediately preceding dibit interval, The dibit-phase relationship is
shown in the following diagram:

0,[{+135)  0,0(+45°)

0° REFERENCE
1,i1{-135°) 1,0(-45°)

FIGURE 24

Phase vectors denote carrier phase shift relative to the phase of the
immediately preceding dibit interval,

T.3.6.5 Modulator Output Level, The output level of the modulator
shall be adjustable from -18 dBm to O dBm,

7.3.6.6 Demodulator Input Signal. The demodulator shall accept the
synchronous quarternary phase shift keyed signal described in paragraph
T.3.6.l4 as modified by passage through the transmission channel.

7.3.6,7 Demodulator Dynamic Range. The demodulator shall have a
dynamic range sufficient to accept and process, without degradation of
performance, input signal levels from -35 dBm to -5 dBm. :

7.3.6.8 Impedance Return Loss and Balance. The output impedance of
the modulator and the input impedance of the demodulator shall be 600 Ohms
balanced with a minimum return loss of at least 26 dB over the frequency
range of 370 Hz to 3400 Hz., The electrical balance shall be sufficient to
suppress longitudinal currents at least 40 dB below prevailing metallic
currents,

‘7+3.6.9 Synchronization. Synchronization between the modulator and
demodulator shall be accomplished automatically by the demodulator without
the need for transmission of separate synchronization signals from the
modulator. The modem shall provide both uncorrected and phase corrected
timing output signals at each of the selectable modulation rates.
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7+3.6.10 . Demodulator Clock Circuits, The timing signal at the output
of the demodulator shall be phase corrected to the digital data signal at
the output of the demodulator. The rate of phase correction shall be such
that no more than 150 serial digital data transitions shall be required to
correct for phase differences of up to % of a data unit interval. The
maximum allowable rate of phase correction shall be limited to a value such
that the phase jitter of the corrected timing signal does not exceed + 1%
of a data unit interval, The phase correction shall be automatically in-
hibited if the line signal is interrupted.

703.6.11 Demodulator Signal Alarm. Provision shall be made in the de-
modulator to activate an alarm when the incoming signal to the receiver
falls below the preset level. The specific techniques and levels to be
used will be defined in the applicable specifications,

7+3.6,12 Transmission Channel Phase Jitter. The modem shall be cap-
able of operation over a voice chamnel facility where phase jitter is
present so that the bit error rate versus Gaussian noise performance shall
not experience additional degradation in excess of 1 dB when + 20 degrees
of peak phase jitter at any jitter rate from 20 to 120 Hz is Introduced.

7.3.7 FSK Data Modems., In those applications where frequency shift
keying (FSK) is used as a modulation technique for bit synchronous data
transmission at data signaling rates up to and including 1200 bits per
second, the following standards apply:

7+3.7.1 Frequencies, Where modems limited to data signaling rates 'oi'
600 bits per second or less are used, they shall employ phase-continuous
frequency shift keying at the following frequencies:.

Mark frequency 1300 + 5 Hz,
Center frequency 1500 + 5 Hz,
Space frequency 1700 + 5 Hz.

Where modems:limited to data signaling rates of 1200 bits per second
operation or less are used, they shall employ phase-continuous frequency
shift keying at the following frequencies:

Mark frequency 1300 + 5 Hz.
Center frequency 1700 + 5 Hz,
Space frequency © 2100 + 5 Hz,

7.3.7.2 Impedance Return Loss and Balance, .The output impedance of t
modulator and the input impedance of the demodulatar shaﬁ be 600 Ohms balahrexc d
with a minimm return loss of at least 26 dB over the frequency range of 370 gz
to 3400 Hz, The electrical balance shall be sufficient to suppress longitu-
dinal currents at least 40 4B below prevailing metallic currents. s

Te3.7:3 Modulator Output Power. The modulator output power to the
transmission line shall be adjustable between -16 dBm and + dBm,
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7.3.7.4 Demodulator Dynamic Range. The receiver (demodulator) shall
be capable of providing full operational performance at Iiné inputs to the
receiver between -4,0 dBn and O dBm,

7e3¢7+5 Modulator Output Spectrum, The transmitted signal energy
‘during maximum speed operation shall be suppressed at least 4O dB for
frequencies of 3400 Hz, and above, : :

7.3.8 Tactical Data Modem for 150 Bauds or Less., For these applica-
tions where a requirement exists for data at rates of 150 baud or lower,
the following standards shall apply: :

7.3.8.1 Modulation. Binary Frequency Shift Keying.
7.3.8»2 Carrier Frequenéy. 1232'.5: Hz for a "l (Mark)
| 1317.5 Hz for a MoW (Space )
(tolerance = + L Hz)

NOTE: The above frequencies for mark and space are reversed in a large
existing inventory of equipments. New equipments procured should have a
ready means of reversing the sense of mark and space in order to operate
with the older equipments.

7.3.8.3 Modulation Rate. Any rate up to 150 baud,

7.3.8.4 Modulator Output Level. The modulator output level shall be
adjustable from -16 to +4 dBm in steps no greater than 2 dB, The dif-
. ference in output levels between mark and space frequencies shall be less
than 1 dB.

7e3.8,5 Mark Hold., The demodulator output shall be held in a steady
"l" condition and an alarm signal provided when the received signal drops
below the lower limit of the dynamic range selected.

Te3.8.6 Demodulator Dynamic Range. There shall be two (2) selectable
options of demodulator dynamic range. In one option the equipment shall
detect signals from O + 3 dBm to mimus 25 dBn + 3 dBm without adjustment.
In the second option, It shall detect signals Fram O + 3 dBm to minus L8
dBn + 3 dBm without adjustment. -

7.3.8.7 Carrier Suppression. Daring periods of no transmission the
modulator output shall be removed automatically. The carrier suppression
time delay shall be such that the output shall persist for 2,5 + 0.5 sec-
onds, ’ -

7.3.8.8 One-Way Reversible Operation. The modem shall be capable of
operation over either two (2) or four (4) wire circuits. When connected
- for two-wire operations, the modem shall be capable of generating a break-
in signal that stops transmission from the remote modulator and allows the
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direction of data flow to be reversed., The break-in frequency shall be
1180 Hz + 3 Hz, The normal break-in signal modulator output power shall
be O dBm. The break-in frequency detector of the demodulator shall
operate with signals down to minus 30 dBm.

7.4 Digital Buffering Equipment.

7.h.1 Modulation Rate Converters. A modulation rate conversion pro-
cess may take place in any number of equipments; however, the equipments
referred to in the following paragraphs are devices whose basic purpose is
to change the input/output modulation rate relationship.

Modulation rate converters (MRC) find application in such areas as
those involving the electrical connection between 45,5 and 75.0 baud
teleprinter equipment.,

Tt is to be understood that in connecting a higher to a lower modula-
tion rate device, provision must be made to control the average informa-
tion rate of the faster equipment in order that the information rate of
the slower device is not exceeded: e.g., 100 wpm-60 wpm operates at an
average of 60 wpm, 100 cards per minute to 10 cards per minute operates
at an average of 10 cards per minute, etc.

The inherent characteristics of an MRC, regenerative repeater, dis-
tortion monitor, and delay line can take on a close resemblance that may
be usefully exploited in combining these functional areas. '

Tololel Clocking Methods,

7.hel.l.1 Start/Stop Input. The input to the MRC input sampling timing
should become quiescent and/or ready to cammence sampling the character
following the one just sampled, at some point after the beginning of the
stop interval and in no case in excess of half the duration of the unit
interval at the applicable modulation rate. If the start/stop character
interval is 10 unit intervals (1 unit start, 8 unit intelligence, and a
1 unit stop element) the input logic should be prepared to correctly accept

' the following character at any time between 9.6 and 10 unit intervals from

the stop/start transition of that character interval,

Tolielel.2 Start/Stop Output. The output character interval may not be

shorter than the input character interval to circumvent the need for various

amounts of storage capabilities,

Tolte1ol.3  Output Character Interval., The output character interval
must be equal to or gréater than the input character interval to avoid any
requirement for storage facilities, There are two situations, depending

on whether the modulation rate is increased or decreased by the modulation
rate converter.

a, Modulation Rate Increased, In this case the output modulation
rate is greater than the input modulation rate. Since the information rate
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is controlled by the character rate of the input signal, each output
character must consist of a character of the same character structure as
the input signal, but with the stop element extended until the time dura-
tion is the same as that of the input character. In terms of the output
modulation rate, the output character interval must contain at least as
many unit intervals as the input character, multiplied by the ratio of the
output modulation rate to the input modulation rate, EXAMPLE 1, Given an
input with a character interval of 7.0 units, and a modulation rate of
75.0 baud,, with the output to be delivered at the rate of 150 baud, The
output character interval must then be at least:

7.0 x 120:0 = 1),0 units,

b. Modulation Rate Decreased. In this case the output modulation
rate is less than the input modulation rate. The character rate of the
input signals must be reduced to that of the output circuit, or lower, so
as not to outrun the modulation rate converter capability. A typical way
to accomplish this is to use stepped operation, whereby the modulation
rate converter, or some external device, generates step impulses causing
the input circuit to deliver only the next character. The step impulses
are spaced sufficiently to allow the converter to deliver the output signal
with the correct character interval., EXAMPLE 2, Given an input with a
character interval of 11.0 units, and a modulation rate of 110.0 baud,
with the output to be delivered at the rate of 50,0 baud, The stepping
impulses must be spaced by an interval, in terms of the input modulation
rate, of at least:

11.0 x 2100 = 2).2 ynits.
20.0

~ 7.s1s2 Input/Output Signaling Characteristics. See paragraph 7,10
for timing characteristics and paragraph 7.2.1 for interface characteris-
ticse. ‘

7.5 Digital Regenerative Devices,

7.5.1 Regenerative Repeaters. Regenerative repeaters reshape and re-
time digital signals, It is generally accepted that retiming characteris-
tics make a regenerative repeater distinct from a nonregenerative repeater
which reshapes but does not retime the signal. There are two basic classes
of regenerative repeaters, synchronous and start/stop.

7.5.1.1 DC Input/Output Characteristics. See paragraph 7.2.1l.
7.5.1.2 Synchronous Repeaters.

7.5.1.2,1 Modulation Rate Coverage. A range fram 25 to 38,400 baud
is desirable,

7.5.1.2,2 The device shall accept unit interval signals only.

213



http://www.abbottaerospace.com/technical-library

MIL-STD-188C

7.5.1.2.3 An internal equipment propagation delay time of greater
than one-half and less than two unit intervals at the appllcable modula~
tlon rate is desired.

7.5.1.2,4 It is to be éssumed that no requirement exists for remote
user removal or 1nsertlon of the regenerative repeater from or into a
chanmnel.,

7e5ele2.5 Dlstortlon. Synchronous repeater input accepting capabili-
ties are:

Switched bias distortion;.oaoaoab9% M-0-L9% S
Bias diStortion.eecseseesseosssi9f M-0-59F S
Cyclic distbrtion.....ao.......oh9% M-0-L49% S
Fortuitous distortioN.cecesesos d9% M=0-49% S

These distortion figures assume the input signal modulation rate and the
clock signal are within 1% of each other and are appllcable to either
externally or internally clocked repeaters.

7.5.1.2.5.1 Means shall be incorporated to cause the regenerative
. repeater to alarm local station attendants if the input signal exceeds a
. distortion figure of 49% for a three second period. At the same time, the
. output signal shall be forced to assume a marking state until such time as
the input signal can be accepted by the repeater. The purpose of this re-
. quirement is to insure that the regenerative repeater will not unnecessarily
confuse cryptographlc operations,

7.5.1.2,6 Synchronous Repeaters Controlled by Station Clocks.
Te5:1.2.,6,1 Timing Source. See paragraph 7.10.l.

7:5.1.2.,6,2 When controlled by station or master clocks (external
clocks), the input signal clock timing relationship should be arranged so
that the phase of the incoming signal may be shifted 270°, early or late,
from the center of the unit interval at the applicable modulatlon rate,
The decision as to whether the phase adjustment be manual, semiautomatic,
or fully automatic is left to the decision of the equipment designer. The
adjustment of the phase of the input signal/clock relationship should be
reflected in a similar shift in the phase of the output signal, Rather,

the output signal shouvld maintain the phase of the station clock supplied to
the regenerative repeater.,

7.5.1.2.6.3 The clock modulation rate shall be supplied at twice the
applicable signal modulation rate (see para 7.10).

7.5.1.2.7 Synchronous Repeaters Not Controlled by :Station Clocks.
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7.5.1.2.7.1 Timing Source. .Operational experience to date indicates:
that great care must be made in determining how the clock is derived from
synchronous regenerative repeaters operating in systems not employing
station clocks., A fundamental operational difference exists between the
design of synchronous transmission terminal equipment and synchronous
regenerative repeaters, That difference is physical location in the com-
munication plant. The repeater may be several thousand miles from either
terminal end of the communication link. In the typical case of stations
presently operating multiple synchronous transmission equipment (each
operating with its own clock system), it will be found that, generally no
two similar links operate closely enough to the same modulation rate to be
considered synchronous except with their associate receiving terminal.
Highly stable (but without the stability of master clock systems) regenera-
tive repeaters operating under such conditions have been found to drive
the synchronous transmission equipment rap:.dly out of phase, particularly
during degraded circuit conditions.

Te5.1.2.,7.2 The frequency control signals of synchronous regenerative
repeaters not controlled by station clocks should be derived by an inte-
grating process so that the repeater will tend to follow the average signal
modulation rate rather than attempt to dictate a rate, Such frequency
control would be analogous to the automatic frequency control employed in
radio receiver equipment.

7¢5.1.2.7.3 The means for setting the modulation rate should incor-
porate a technique similar to tuning a radio receiver, e.g., setting the
control dial to the gross modulation rate would then allow the AFC to lock
on to the input signal modulation rate. A five second lock on time is
considered adequate. This means that within five seconds of receipt of an
initial input signal the correct input signal/clock phase relationship will
be established, The stability of the regenerative repeater frequency con-
trol should be such that the loss of the input signal for periods of one
second or less at 38.4 kilobaud shall not cause the input signal/clock
phase relationship to deviate in excess of 5% of the duration of the unit
interval upon resumption of input signaling, For lower modulation rates,
the hold-in time shall be inversely proportional to the modulation rate,

7.5.1.2.7.h4 It is expected that the changes in phase of the input
: 31gnal/block phase relationship will appear in the output signal, consider-
~ ably smoothed or dampened by the integration factor of the AFC equipment.,

7.5.1.3 Start/Stop Regenerative Repeaters.,

7.5.1.3.1 General, In start/stop regenerative devices it is expected
that an equipment propagation delay time equal to the number of bits norm-
ally stored, plus one-half the duration of the unit interval will be
encountered, (For 8 unit code, start/stop signaling with a unit interval
start and a unit interval stop, a propagation delay time of 10,5 would be
con31dered reasonable, )

7.5.1.3.1.1 Normally,‘start/stop regenerative repeaters camnot re-
generate distortion encountered at the stop element., Therefore, the
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distortion of ithe stop element may appear at the output of the regenerative
repeater., There are exceptions to this problem, for example, synchronous
transmission equipment fitted with start/stop, input/output buffers., In
this case, due to the storage and timing functions of the synchronous
equipment, the stop element is regenerated., The type of start/stop regen-
erative repeater covered by this standard is not of this nature.

7.5.1,3.2 Distortion. Start/stop regenerative repeaters should have
the capability of accepting:

Switched bias distortioN.eeceoo49% M=-0-49% S
Bias distortioNescsscocesoscoscesi9% M-0-49% S
Cyclic distortioNeesecessscessos2lte5® M-0-24,5% S
Fortuitous distortioNesecsssocss2le5% M-0-2l4,5% S

These distortion flgures are applicable assuming that the input signal
modulation rate and repeater timing are within 1% of each other, The
duration of measurement is not specified, but it is assumed that these
figures are normally obtained during routine test either under laboratory
or field conditions,

7.5.1.3.3 Alarms, See paragraph 7.5.1.2.5.1,
7.5.1.3.4 Timing, See paragraphs 7T.4.1l.l and 7,10,
7.6 Code Converter,

7.6.1 General, Code converters generally are an inherent part of,

or at least closely associated with, other equipment, such as the input or
output of time division multiple channel. transmission equipment., Unfor-
tunately a degree of confusion exists in differentiating between code con-
- verters and devices more properly called alphabet translators (see para
7.9)s Code converters are those devices whose basic function is to accept
a digital signal in one code and convert it to another code. The sixth
unit or bit in each character interval might be used to signify the start
or stop condition. The code conversion process in this example does not
manipulate the five intelligence bits. Rather, these bits are passed to
the output in the same physical relationship to each other as they were
presented to the converter input.

A code conversion process may also incorporate an alphabet translation
process: e.g., the conversion of International Morse to five unit code,
start/stop, International Alphabet No. 2.

7.6.2 DC Input/Output Characteristics. See paragraph 7.2.

7.7 Error Control Devices;
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7.7.1 General, Automatic error control devices are assembled into
three basic types of error control systems, error correcting systems,
error detecting systems, and error detecting and feedback systems (see
Section 2, Terms and Definitions), The choice of error control system to
be used is a function of the particular transmission media employed and
the data source and sink requirements of the users, Error control de-
vices to be used in the tactical system must be designed to protect against
the particular type of interference encountered in communication systems,
~such as impulse noise bursts, multipath effects, deep fading, selective
fading, etc. No attempt is made to standardize on one type of error tech-
nique but the most common technique used in present communication systems
is the error detecting and feedback system., Regardless of the type of
system used, error control devices used in the system must meet the
following standards at the interface points:

7.7.2 Standard Interface., See paragraph 7.2.l.
7.7.3 Modulation Rates., See paragraph 7.2.6.
7.7.4 Timing Characteristics. See paragraph 7.10.

7.7.5 Signal Interval. See paragraph 7.3.L.
7.8 Security Devices.,

7.8.1 Current editions of the following documents should be referenced
prior to implementing a development or production program in which security
restrictions may apply: ' :

DCAC 300-175-1
FED-STD-222
7.9 Alphabet Translators,

7.9.1 General. Alphabet translators in communication systems have
tended to be separate devices peculiar to themselves. On the other hand,
it has been a fairly common practice in the data processing industry to -
accomplish alphabet translation as a part of computer programs, There is a
basic difference between the communication field and the data processing
field., The communication system is intended to convey information from a
"source" to a "sink" whereas the primary task of the data processing in-
dustry is to manipulate the data in accordance with a desired result. The
communication system must take particular care not to arbitrarily mutilate
the information flowing in the path, Therefore, it must be assumed that the
communication system has no knowledge of the information content of the data.

Tt is to be presumed that alphsbet translators will bec ame widely used

*_bo facilitate interconnection of otherwise incompatible equipment., :
It is possible to have an alphabst translation process with or without

a code conversion process, e.Z., 5 unit code, International Alphabet No, 2
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translated to,5 unit code, Baudot Alphabet., A code conversion and alpha-
bet translation process takes place when a 5 unit code start/stop Inter-
national No, 1 Alphabet is changed to an 8 unit code, start/stop, IBM L
of 8 Alphabet. - ,

7.9.2 Restrictions, There are no restrictions to accomplishing a
code conversion process provided all permutations of a code being con-
verted can be processed eitler to or from the first to the second, or from
the second %o the first code, On the other hand, there is an absolute re-.
striction that an alphabet translation shall not be accomplished except
at the request of the data originator., It is presumed, however, that the
originator shall state the alphabet which is to be translated.

7.9.3 DC Imput/Cutput Characteristics. The interface characteristics
stated in paragraph T7.2.1 apply.

T.9.4 Modulation Rate for Applicable Modulation Rates and Timing
Considerations. See paragraph T.2.6.

7.10 Clock Equipment. The clock is the device which provides the time
base for control of operation in digital equipment. An equipment clock
provides the peculiar needs of its equipment and in some cases may control
. the flow of data at its equipment interface. A master or station clock,
regardless of its physical location, controls two a more equipments which
are linked together as a system. It is with master or station clocks that
these pragraphs are primarily concerned,

7.10.1 Clock Control.

710.1.1 Transmission Modes. All future military cemmunication equip-
ment requiring a stable clock or precise character interval control shall
make provisions for operating from station clocks in either or both of the
following modes, ' '

7.10.1.1.1 Bit Synchronous. In bit synchronous operation, clock timing
shall be delivered at twice the data modulation rate. (For this purpose,
"data" includes information bits plus all bits added to: the stream for what-
ever purpose they may serve in the system, i.e., error control, framing...
etc.) The device shall release, within the duration of one clock signal,
one bit., In bit-by-bit operation it is assumed that rapid manual, semi or
automatic shifts in the data modulation rate will be accomplished by varying
the clock modulation rate. It is possible that equipment may be operated
at 50 baud.. one mament and the next moment at 1200 or 24,00 baud. It shall
be assumed that, during periods of communication difficulity, a clock signal
might be delivered to a send device occasionally or not at all for periods
extending to hours. During periods when the sending equipment has no
~ traffic to send, an idle pattern or all "ones" may be transmitted.

- 7.10.1.1.2 Character Interval Synchronous. In character interval syn-

chronized equipment, any character interval from L to 16 unit intervals
per character interval shall be permitted, It is assumed that,
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having programmed a given facility for a particular character interval,
no.other character interval operation would be expected except by re-
programming, An example of such operation would be a 7.0 units per char--
acter interval tape reader being stepped at 8.0 units per character inter-
val, :

7.10.2 Clock Modulation Rates., The standard clock modulation rates
for compatibility with preferred modulation rates in paragraph 7.2.6 shall
be: (1) 50 x 2-Mbaud (2) 100,0 baud. (3) 150.0 x 2™ baud where m is
the positive integers 0, 1, 2,... etcC, : : :

7.10.3 Clock Modulation Rate Stability. The stability of synchronizing
or clock timing supplied in all synchronous digital transmission, switching,
terminal, and security equipment shall be sufficient to insure that synchro-
nism is maintained within + 25% of the unit interval between transmitted
and received signals fgr periods of not less than 100,000 consecutive sec-
onds (1 part in L4 x 102 x mod rate), Accuracy of the clock timing shall be
such as to assure that the actual modulation rate is within 1 part 107 of

the nominal rate.

7.10.3.1 Modulation Rate Phase Adjustment, Means shall be provided
in all digital transmission, switching, terminal, and security equipment .
so that, at the applicable modulation rate, a shift in phase of the clocking
pulse with relation to the incoming signal stream shall be possible over a
period of 3 unit intervals (i.e., a shift of 1.5 unit intervals early or
late from a theoretical center of the unit interval at the applicable modu-
lation rate). Whether this adjustment is to be manual or automatic is left
to the discretion of the equipment designer.

7.10.4 Clock Output. The output of the clock shall be an alternating
symmetrically shaped wave, or sine wave, at the required clock modulation
rates and in accordance with paragraph 7.2,1l. When the clock is quiescent
the clock signal state shall be negative., (In this standard a clock period
or cycle is defined as having one half-cycle of positive polarity (sense)
and one half-cycle of negative polarity (sense). Thus, in the binary
sense, each clock period -or cycle is composed of two unit intervals, and it
follows that a clock rate of 50 Hz is a clock modulation rate of 100 baud, )

7.10.5 Clock/Data Phase Relationship. Arrangements which may be used
to supply clock pulses to sources and sinks are shown in Appendix B. Typi-
cal standard arrangements are shown from which one may be selected to meet
a specific application., For those digital devices operated at DC baseband.
which are interconnected by metallic wire (or other equipment which pro-
vides in effect the same function as a metallic wire) the following clock/
data phase relationships apply if, and only if, interface circuit lengths
permit, It is noted that due to signal propagation delay time differences
over different DC wire circuits or DC equivalent circuits at data modulation
rates higher than 24,00 to 4800 baud, there may be a relative clock/data '
phase shift sufficient to warrant compliance with paragraph 7,10.3.1.
Practical operating experience indicates that typical multiple pair paper
or PVC insulated telephone exchange cable plant may be expected to function
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at modulation rates of 14800 baud data/9600 baud clock at distances up to

3000 cable feet without any need for concern over relative phase shift or ‘
noise if the standard low level signaling interface is applied to both

clock and data signals in accordance with paragraph 7.2.1. .

A1l data transitions emitted by a source under direct control of ex-
ternal clock shall occur on (be caused by) negative to positive transitions
of that clock, The design objective is-a minimum delay between the clock
transition and the resulting data transition, but in no case shall this
delay exceed 12,5% of the duration of the data unit interval. For each
equipment, once this delay is fixed in hardware, it shall be consistent
within + 1% of itself for each clock transition which causes a data
transition. These delay limits shall apply directly at the source inter-
face, See Figure 25,

Sampling of the data signal by the external clock at a sink interface
shall occur on (be caused by) positive to negative clock transitions. See
Figures 25 and 27,

<hen the clock is used for controlling intermittent data transmission,
data may not change state except when requested by a negative to positive
clock transition., The quiescent state of the clock shill be at negative
voltage. The quiescent state of the data shall be that state resulting
from the last negative to positive clock transition., See Figure 26,

For devices in which the external clock is only related indirectly to
source data, to maintain synchronism between a transmitter and a receiver
for a constant modulation rate signal for example, the phase relationship N
between external clock and data is not specified. However, whatever the .
phase delay, it shall be consistent to within + 1% of the data unit interval
at the applicable modulation rate. If clock at twice the modulation rate
of the same data is also supplied as an output, then data transitions shall
coincide within + 1% of the data unit interval with the negative to positive
transitions of the output clock. See Figure 28, Direct control means con-
trol of data by a clock signal at twice the modulation rate of the data,
Indirect control means use of a clock at some higher standard modulation
rate, €.3., 4, 3, 128 times the modulation rate.

For devices in which input data to the sink is sampled from a clock
not directly related to the data modulation rate, the phase relationship
of data to clock shall be maintained in such a way that each data wmit
interval shall be sampled within + 1% of the theoretical center of the data
unit interwval, ' '

In the special case of synchronous devices operating from external clock
directly related to data and outputting start/stop format signals, data
transitions shall be coincident with negative to positive clock transitions
within + 1% of the data unit interval,

For start/stop format devices utilizing internal,' low stability sampling

sources, it shall be permissible to sample incoming data + 12.5% of the data
unit interval away from actual center. This distortion, however, shall not
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be passed on to any output interface, Any further transmission of this .-~
signal shall be regenerated, . '

7.10.6 Monitoring. The standard methods of monitoring dc circuits
shall be an essentially nonreactive tap with a minimum dc resistance of
10,000 Ohms (DO, 45K to 68K Ohms) for polar signaling and an essentially
nonreactive series insertion with a maximum dc resistance of 200 Ohlms for
neutral signaling.

7.10.7 Controlled Enviromment Interface. Systems which are autonomous,
in the sense that they will rarely interface with the equipments of other
systems, or which have overriding military or technical requirements, shall
utilize the interconnection method practicable for their application.,

T.11 Message Composers.

7.11.1 General, Format message composers of the automatic or semi-
automatic alpha-mumeric type which commect into the global cammnication
system shall meet the applicable requirements of ACP-127 ( ) or JANAP 128

( ) as appropriate (see Appendix D) for message format and switching in--
structions and shall meet the following standards at the interface points,

7.11.1.1 Standard Interface. See paragraph T.2.l.
7.11.1.2 Modulation Rates. See paragraph 7.2.6.
7.11.1.3 Timing Characteristics., See paragraph 7.1l0.
7.11.1.L Signal Interval, See paragraph T.3..,
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The source data signal transition shall occur consistently within 12% of
the duration of the data unit interval from the clock input transition from

negative to positive.

Whatever phase delay is chosen, the equipment design

shall insure that data transitions are released with a consistent phase

delay not to exceed plus or mimus one percentrof that delay. Measurements
shall be made and these limits apply directly at the source interface.

EXTERNAL DIRECTLY RELATED SOURCE CLOCK/BATA RELATIONSHI?P

FIGURE 25
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The -input data signal to the sink shall be sampled consistently within
+ 1% of the duration of the unit interval of the data signal assuming the
modulation rate of the clock is twice that of the data. Positive to nega-
tive clock transitions shall be utilized for sampling of the data,

FIGURE 27

EXTERNAL DIRECTLY RELATED SINK CLOCK/DATA REIATIONSHIP
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The data transitions shall be coincident within + 1% with the negative
transitions of the source clock.
external clock is specified except that modulation rate and phase shift of-
the output clock shall be constant within 1% of the duration of the unit

interval of data at the applicable modulation rate,

FIGURE 28

No phase relatIonship between data and

EXTERNAL INDIRECTLY RELATED SOURCE CLOCK/DATA RELATIONSHIP
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8. INTERFACE STANDARDS ‘II)

8.1 General. Tactical commnication systems are frequently required
to interface with other military systems and with commercial systems. The
tactical standards facilitate the establishment of such interface to a
large degree, however, due to differences in military requirements, environ-.
ments and operations, there are differences between tactical standards and
standards for other systems in a few specific instances. It may be neces-
sary, in such cases, to provide special conversion circuits at interface
points to permit interoperation across the interface. Following are listed
other military systems and their standards documents. Interfaces with
these systems may be expected to occur with some frequency.

8.1.1 Interface Between Tactical Communication Systems and Global
Communication Systems. The standards for interfaces between tactical and
global military systems are covered by DCS-Non-DCS (Defense Communications
System) interface standards in the Defense Communications Agency Circular
330-175-1. The interface standards for tactical commnication systems
shall follow the interface standards specified in this DCA Circular.

8.1.2 Tactical Data Link Standards. These standards are for specific
tactical command and control applications and include largely standards
. for modems, message formats, and signaling schemes. Where interfaces may
exist there has been a concerted effort to coordinate standards and avoid
interface problems. These standards are covered by the Joint Chiefs of
Staff Publication JCS FUB 10.
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. 9. METHODS OF MEASUREMENT
9.1 Methods of Measurement of Distortion in DC Digital Signals.

9.1.1 Digital distortion analysis equipment should reveal non-
ambiguously the following:

a. Modulation rate.

b. Units per character interval.
¢. Bias distortion.

d. Fortuitous distortion. -

e. Cyclic distortion. -

f. Characteristic distortion.

9.1.2 Digital distortion analyzer equipment should incorporate the
following facilities or functions. However, it is not intended to limit
such analyzer equipment to the facilities or functions mentioned. (Main-
tenance or monitoring equipment may or may not incorporate a.ll the func-
tions required for complete distortion analysis.)

a. A calibrated scale to indicate the signal modulation rate.

. b. A means to set the sampling position on the signal transition
(see Fig 12, Appendix B).

c. A means to set the character interval from 1 to 16 unit inter-
vals.,

d. Provision for operation on positive and negative marking,
polar and neutral signals.

e. The input operating differential should be in accordance with
the Standard dc Digital Interface Characteristic (see para 7.2.1).

f. Means should be provided to display all signal transitions in
each character interval. Means may also be provided to display successive
signal transitions in each character interval.

g. The display facilities should have an accuracy of 2% at the
applicable modulation rate.

h. Provision should be made for accepting tming from a station
master timing source (see para 7.2.7).

: .1. For start/stop transmission modulation rate accuracy, see
paragraph 6.1.4.2.
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j. Means for generating start/stop signals with 1.0, 1.5, and
2.0 stop elements shouid be provided.

k. Means for generating start/stop signals with the capability
of shifting the stop-to-start transition 70% of marking through O to
70% spacing at the applicable modulation rate should be provided. The
purpose of this requirement being to permit measuring the range or margin
of start/stop receiving devices.

- 1. Means for generating a test message utilizing the start/stop
S-unit code, International Telegraph Alphabet No. 2, American Version,
(see Appendix C) should be provided. ,

m. Provision for generating a test message utilizing the start/
stop 8-unit code, Military Standard Coded Character Set (see Appendix C),
should be provided.

n. Means repetitively generating any permutation of a S-unit or
8-unit code should be provided.

9.2 Noise Measurements on Radio Relay Systems Using Frequency Division
Multiplex Equipment.

9.2.1 Noise. Two basic types of noise exist within LOS or tropo-
spheric scatter radio relay systems. Idle noise and Intermodulation noise.

Idle noise, which is always present with or without modulation, consists
of thermal noise generated within the equipments by mixer diodes, low level
amplifiers, shot noise from klystrons, the noise often generated by semi-
conductor multiplier chains, etc. :

Intermodulation noise is introduced into the system as a result of
heavy signal load or increased operating level. The greater the traffic
load or the higher the operating level, the more intermodulation noise
is introduced. Usually intermodulation increases slowly until a "break
point" is reached after which i§ increases very rapidly. Generally, it
is desirable to operate the system at as high a level as possible (but
short of the break point) in order to improve the S/N ratio.

In an FM system, higher operating levels cause greater frequency
deviation which is very effective in overcoming some of the idle noise.
There is a limit, however, to the amount of deviation possible before
nonlinearities in the equipment increase the intermodulation noise to an
unacceptable value.

If the amount of permissible deviation is shared by only a few
channels, the S/N ratio in each channel will be quite good. However, as
the number of chamnels are increased, intermodulation noise limitations
demand that the per-channel frequency deviation be reduced, with a conse-
quent increase in idle noise. If the system linearities can be improved,
greater deviation can be obtained, thus restoring system quality. (The
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wider deviation may affect the PM threshold detection process; however,
this may be ignored under the terms being discussed.)

Thus, the equipment used represents an engineering compromise in the
degree of idle chammel and intermodnlation noise that may be econonica.l.‘ly
designed into them.

9.2.2 General Method of Noise Measurement (see Fig 29). The most
desirable method of measuring the performance of radio relay systems is by
the use of "white noise" loading. It has been long determined that a white
noise signal (a signal with a contimuous uniform spectrwm) has statistical
properties similar to those of a maltichannel FIM and can, therefore, be
effectively used for system and equipment evaluation, testing, or aligmment.
This is accomplished by using a white noise generator producing a baseband
corresponding to the multiplex signal it replaces, but with specified gaps
or slots which may be produced by stop filters at the lower, middle and upper
edges of the baseband. The filters at the edges may be just within either
 the IB (inside band) or OB (outside band). These filters are sometimes
referred to as band stop, slot, or notch filters. The noise measurements

are made in the stop bands through suitable receiving ﬁ.lters, with the stop
ﬁlters first in and then out of the circuit.

9.2.2.1 VWhite Noise Signal Spectrum. Table X gives the noise bandwidth .
for systems with 60 to 600 channels, for the allocation st.m:lng at 60 kiz
at the lower edge.

9.2.2.2 white Koise Signal Power Levels. The power of the white noise
signal shall be computed according to the following formmlas, relative to
1 oW at a point of zero transmission level, where n is the total number of
channels in the circuit.

within the specified band, the rms noise voltage level measured with a
narrow bandwidth of about 2 kHz shall not vary by more than 1 dB. Outside
this band, the power shall drop sharply and be more tham 25 dB down at all
frequencies greater than 10% above and 20% below the band.

9.2.2.2.1 YVoice Loading Only.

For systems with from 60 to 240 telephone channels:

Power = (- 1 + L log;, n) dBmd :

(Provisionally applies down to minimum of 12 channels)

For systems with 240 to 600 channsls (or more):

Power = (-15 + 10 log)y n) dBmO

9.2.2,2.2 Data Loading.

For systems with from 12 to 600 telephone chamnels:

Power = (-10 + 10 log;, n) dBmO
See Note Paragraph lfe.liele3e342,2

9.2.2.,2.,3 Stop Band Filters. To clear the measurement chamnels of
white noise, stop band filters are required at the output of the white
noise generator, The center frequencies of these filters shall be the

229



http://www.abbottaerospace.com/technical-library

VACUUM
TUBE
VOLTMETER

wiE-saN0| [\ BaND- AAND- 3 i "1 [Freovency
NOISE | I PASS l *-\ ,gtop / . Jﬁﬁ%% . 3215:’ | RECEIVER |~ SELECTIVE
GENERATOR| |'= Jr i\ | VOLTMETER

i O vothﬂinRTv /

TYPICAL ARRANGEMENT FOR MEASURING INTERMODULATION DISTORTION
IN TERMS OF NOISE POWER RATIO. RANDOM NOISE OF THE SAME
EFFECTIVE POWER AND BANDWIDTH AS BASEBAND SIGNAL (BUT WITH
NARROW “SLOT" REMOVED) IS APPLIED TO TRANSMITTER. ADDED
NOISE IN SLOT IS MEASURED AT OUTPUT OF RECEIVER. NOTE

THAT ALL NOISE CONTRIBUTIONS BY BOTH TRANSMITTER AND
"RECEIVER ARE INCLUDED IN A SINGLE: FIGURE; PRACTICE OF
QUOTING SEPARATE FIGURES FOR TRANSMITTER AND RECEIVER
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2. Some North American commercial systems are 135 Ohms, balanced.

3. Corresponding to the per-channel deviation of the FIM signal of 50, 100 and 200 kHz, respectively.

A B c D E F G H 1 J K L _M N 0 p
Freq.Limits| Freq. Nominal Power LévelJ ) White Noise Measuring|Channel Center Frequencies(kHz)
Band Occup-| Limits Impedance Per Channel Contimuity Pilot Noise Actual Traffic|White Noise (Note 4)
ied by Tel.}Baseband| Baseband |[Input Output | Frequency| Deviation (rms)| Spectrum Lower [Center| Upper
No. | Channels (kHz ) (Ohms) (dBm0) |. (dBm0) (kHz) produced by the| Bandwidth| Below | Above [OB ¥ 1B IB | OB
.| Chan, (kHz) (Note 2) z 3 (Note 1) | pilot (kHz) (kHz)
24 12-108 12-108 150 bal. -hs +4.5 | 116 (or 20 - 10 116(or]- -1 - -1 -
119) 119)
60 12-252 12-252 150 bal. -4s +1.75 | 304 25, 50, 100 60-300 10 30 fso |7l - 270 |33
‘ 60-300 60-300 75 unbal. =45 -15 331 (Note 3) 50 331
120 | 12-552 12-552 150 bal, =45 +1.75 { 607 25,50,100 60-552 10 607 50 | 70 270 (534 | 607
60-552 60-552 75 unbal.] =45 -15 ] (Note 3) 50 607 :
300 23-139,2 60-1364 75 unbal.| -LS -15 1499 100 60-1300 50 99 |50 | 70} 534 |1248 | 1499
=12 :
600 22-2&0 60-2792 75 unbal.] -LS -20 3200 140 60-2660 50 3200 |50 | 70| 1248f2438| 3200.
-2660 . , .
IOTES: 1. Frequency stability of continuity pilot shall be better than 5 parts in 105 .

L. Lower and upper measuring channels may be either outside (OB) or inside (IB) the band of white noise signal.

S. Data shown agree with CCIR Recommendations as follows:

CCIR Recom No. 269 292 293 29
Column of Table . ABCDEF GH JK 1,LMNOP
TABLE X

PARAMETERS FOR RADIO RELAY SYSTIM3 USED WITH FREQUENCY DIVISION MULTIPLEX
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same as for measuring channels shown in table X. Three filters shall be
used in a given case: for the center channel, and for either the two
outside band (0B) or two inside band (IB) channels. The attenuation of
noise in each stop band at the generator output shall exceed 80 dB over

a band at least 3 kHz wide, and shall not exceed 3 dB at frequencies of
+ (0,02 £ + L) kHz, where f is the center frequency in kHz. The shape of
the filter characteristics shall be such that when all three band filters
are simultaneously brought in the circuit, the errors in measurement as
campared with a measurement carried out with a perfectly uniform source
and an indefinitely narrow stop band shall not exceed 1 dB. Error here
means the loss due to insertion of filters, to changes in spectral
distribution of thermal and intermodulation noise produced by the insertion,
and to other causes.

9.2.2.2.4 Measurement Filters. Intermodulation noise measurements
shall be performed on the same bands used for the stop band filters. The
use of these channels is preferred for special tests such as acceptance
tests, calibration, etc. The effective bandwidth of the measuring filters
in the receiving equipment shall be designed to be narrow enough to
provide satisfactory measurements, taking into account the possibility of
stop band filter attenuation as low as 3 dB at the frequencies *+ (0.02 F + L)
kHz with respect to the center frequencies, as allowed in the stop band
3 filter requirements, Additional or alternative measuring channels may be
used as required by circumstances.

9.2,3 Noise Power Ratio (NPR) or Slot Noise Power Ratio. This is
the ratio of the noise power appearing in a measured channel with the
appropriate stop band filter, first out of, then in the circuit. The

.change in level is independent of the precise width of the measurement
channel. The phrase "notch-to-no-notch ratio" is sometimes used to
indicate NPR measurements. The NFR provides a good indication of system
performance, since all aspects of equipment performance are taken into
account.

Note that in measuring intermodulation distortion, both the transmitter
and receiver participate in the test and the resulting NFR pertains to
both operating together. It is not proper to assign an NPR separately to
the receiver and transmitter; even though the mmber for each appears to
be 3 dB better (higher) than the NPR for the transmitter-receiver combina-
tion, i.e., a transmitter that is rated with an NPR of 50 dB and a receiver
that is rated with an NPR of 50 dB actually yield a true NPR for the
system of 47 dB, twice as noisy as suggested by the split in figures.

9.2.3.1 Converting NPR to Other Rating Scales. Although the NFR
provides a good indication of system performance, it is sometimes desirable
to rate equipment in terms of the quality of a commnications channel, i.e.,
in terms of dBa. This permits radio channels to be compared directly with
those transmitted over wire or cable.

Per-channel noise (expressed as either dBa or S/N ratio, since dBa

equals 82 - S/N) can be derived from the NFR by relating the noise in
the slot to a reference level and then applying a weighting factor.
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Most comnerciﬁlly available noise test equipment is calibrated to express
noise in terms of pico-watts or S/N ratio.

The conversion of the NPR to S/N requires that the bandwidth ratio (BdR)
of the system be calculated as follows in order to obtain the proper
relationship between the bandwidth of the entire baseband and the bandwidth
of the slot or channel:

- Baseband Noise Test Signal
BiR = 10 1og10 —rammel Test-Tons Signal

If the baseband noise test power is expressed in dBm0, the NLR equals
dBm0 and no calculation is necessary. Figure 30 shows the noise power
equivalent to various mumbers of voice channels and tone signals as
recommended by CCIR and the US Electronics Industries Association (EIA).

When the BWR and NLR have been determined, the per-channel S/N ratio
may be calculated from the NPR.

S/N = NPR + BWR - NMLR

As an example, figure 31 shows the per-channel S/N of a 300 channel
radio system in which the intermodulation is quoted in terms of NPR of
50 dB. It is specified that the NPR was measured in a 3kHz slot and that
‘the baseband was loaded with white noise in the frequency range of 60 to
1300 kHz, Then,

S/N

NPR + BWR - NLR

50 + 10 log 1_3.@_3:__99.__ 9.8
= 50 + 2602 - 908
S/N = 66.1, dB

The conversion of NPR to S/N gives the S/N ratio of the channel without
weighting or ~djustment for the responses of the human commnicator or his
handset. In systems where the channel response is essentially "flat" and
is being measured with an unweighted meter, the FIA weighted S/N ratio may
be obtained by adding 3 dB to the unweighted meter reading.

9.2.3.2 Converting S/N to dBa. By definition dBa refers to deciBels
of noise power above a reference noise power, with an adjustment factor
included to compensate for weighting. The reference noise power to which
dBa is referred is -85 dBm. To obtain dBa, it is only necessary to cal-
culate how many dB the signal is above the reference power. For flat
voice channels, the corrected reference level is -85 +3 = -82 dBm. There-
fore, dBa =82 - (5/N). Thus, a channel for a S/N ratio of 60 dB exhibits
22 dBa of noise. To convert the per-channel S/N of the hypothetical 300
channel system discussed above (Fig 31) to a value in dBa:
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S/N = 66.4 @B
dB = 82 -66.}
Noise = 15.6 dBa (FlA weighted)

9.2.l4 Measurement of Noise in Actual Traffic. Once a radio relay
system is placed in service; it may be difficult, if not impossible, to
withdraw it from traffic to measure its noise by the use of white noise
signals., Also, there may be no assurance that the identical standby
channels would be available on successive occasions for this purpose.

- Furthermore, maintenance measurements of the total noise (idle and inter-
modulation noise) are of use to determine the quality of the system, and
mist be made during traffic. It is, therefore, desirable to specify
measurement channels outside but reasonably close to the total bandwidth
of the multiplex signal in order to measure the intermodulation products
due to the nonlinearity of the system. Filter cost and design problems;
however, require a reasonable separation between the measurement bands and
the mltiplex signal band., It is desirable to measure noise in a channel
just above the miltiplex band, since this is generally more sensitive to
changes of idle and intermodulation noise in the RF and IF parts of the
.equipment. On the other hand, measurements in a chamnel below the multiplex
band are more sensitive to changes in the modulators and demodulators. It
is usually necessary:to use stop band filters at the input of a system to
minimize noise on the incoming circuit in the bands occupied by the measur-
ing channels. The following requirements are derived from CCIR Recommenda-
tion 293 (Los Angeles, 1959).

9.2.4.1 Stop Band Filters. The attemmation of the stop band filters
at the input of the system shall exceed 50 dB over a minimum frequency
band + (0.005 £ + 2) kHz, where f is the center frequency of the measuring
channel in kHz. The additional attenuation caused by the insertion of
.the stop filters at the lower edge and at the upper edge of the total
-multiplex signal band shall not exceed 0.3 dB referred to the additional
attemuation caused in the center of the multiplex signal band. The center
frequencies of the noise measuring chamnels are given in Table X. When
the center frequency is 10 kHz minimum frequency band is to be + 1 kHz
instead of the band -determined using the formula given above.

9.2.4.2 Measurement Filters. The characteristics of the measurement
filters, the center frequencies of which are given in Table X shall be
designed to be sufficiently narrow to give satisfactory measurements,
taking into account the characteristics of the stop band filters.

9.2.4.3 Contimuity Pilots. Frequencies given in Table X for contimuity
pilots agree with the central frequencies of the noise measuring channels
above the multiplex band. It may be of use to combine the evaluation of
the power of the continuity pilot with the measurement.of the noise arocund
it.
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9.2.4.4 Filter Designs. It is desirable that design of band stop
and measuring filters should enable them to be used both for maintenance
measurements and for measurements of white noise.

9.2.4.5 Disconnection of Certain Chamnels. In certain telephone
channels and in combinations of them, harmonic distortion may be produced.
This may make it necessary to leave these channels disconnected (for
example, if the second or third harmonics coincide with the central
frequencies of the noise measuring channels).

9.2.4.6 Carrier Noise Measurements. Generally, it is impractical
to obtain accurate field measurements of the intermodulation noise
contributed by the carrier equipment; this would require that all channels
be loaded simultaneously by suitable test signals. However, the inter-
modulation noise contributed by the carrier system may be estimated at
periods of peak traffic if the noise performance of the radio has been
determined previously. JSuch estimates may not be very accurate, however,
since the load imposed by a large number of voice chammels varies from
moment to moment and may never reach a value which can be identified as
a peak load. For this reason, meaningful evaluations of carrier noise
usually consist of back-to-back measurements of idle noise,

Unlike cable or open-wire carrier systems, carrier systems, for use
with radio, transmit and receive on the same band of frequencies. This
permits the output of the. transmit terminal to be comnected back into the
receive terminal on a back-to-back basis, thus permitting measurements of
the carrier residual noise at one terminal,

For the back-to-back measurements of idle noise, the carrier equipment
is disconnected from the radio equipment and the input of the channel in

" which the noise is to be measured (MOD IN) is terminated in its character-

istic impedance. If the normal output or transmit level of the carrier
terminal is the same as the receive level, it is then only necessary to
patch the transmitter output to the receiver input. If different transmit
and receive levels are used in the system, it will be necessary to adjust
the transmit level to match the required receive level, either by adding
or removing attemuators, or by adjusting the transmit line amplifier gain.
This may require that a test tone be applied to the channel input before
it is terminated; then the line amplifier gain is adjusted until the
correct receive level is obtained. A suitable terminated vacuum tube
voltmeter connected across the demodulator ocutput (DE-MOD OUT) will provide
a direct indication of the chamnel idle noise power, provided that
allowance is made for the difference in levels of the actual measurement
point and the zero transmission point.

If the necessary test points are available in the carrier equipment,
noise measurements may be made at any modulation step in the system
channel, group, or supergroup. As in the case of voice chammel measure-
ments, the modulator input must be terminated in its characteristic
impedance, and the transmit level adjusted, if necessary, to match the
required received level,
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9.2.14.7 System Performance. The noise performance of a communication
system is the sum of the noise contributed by the carrier equipment and the
individual radio sections: In order to add these noise contributions
itly, they mst first be converted into Watts (or rather, picowatts,
10-12 Watt). It may be more convenient to use figure 13, Appendix B
to make the addition in deciBels,

The total noise introduced by a system having many repeaters may be
easily calculated if the noise contribution of each section is known,
and all contribute equally. Total noise equals the number of sectiomns.
Agcordingly, in a two section system in which each sectlon contributes
18 dBas

Total noiae =18 + 10 log 2

=‘18 + 3
; - =.21 dBa -
Assume a system having 16 sections, each section with a radio noise of
18 dBa. The per-channel radio noise would then be:
Radio noise = 18 + 10 log 16
- =18 + 12
= 39 dBa

NOTE: Total per-chanmnel noise for a system is computed by adding the

carrier mltiplex and radio power moise contributions, not the ratios of

these values. Thus in a 16 hop system, assuming carrier noise (multiplex,

idle back-to-back) of 23 dBa, combined with the 30 dBa radio noise, the

. per-channel system noise is 30.8 dBa since converting 23 dB and 30 dB to

power ratios: 1
- _%alog123=200

<l -1 .
log -%% = log "~ 3.0 = 1000

- log

Total power ratio = 1200
then converting back to dB

10 log 1200 = 10 x 3.08 = 30.8 dB (dBa)
The moise power in dBa is con_ver{ed to psophometric picowatts by:

dBa + 6 = 10 »loglo (pwp)

8o that .
30.8 + 6 = 36.8

wl -1
log 1%59 = log 3.68 = 4800 pwp
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9.3 Noise Power Ratio (NPR(SSB)) Measurements

9.3.1 Single Sideband and Independent Sideband Equipment.. Noise
from causes other than noise intermodulation distortion products also
contributes to the spectral content within the cleared portion of a
notched noise signal in single sideband or independent s:.deba.nd equlpment
output.

9.3.1.1 Method of Noise Power Ratio (SSB) Measurement. (See Fig 32).
The method of measuring noise power ratio (NPR(SSB)) is to load the trans-
mission chamnel(s) with a white noise signal of Gaussian amplitude distri-
bution having an insertable narrow notch located near the center of the
channel passband. The level of the applied notched noise signal is set
to drive the equipment to rated noise power output. A frequency selective
voltmeter measures the relative noise power of the output signal in the
notch filter bandwidth for the notch in and the notch out conditions.

The relative power may be established either by switching the notch
out and readjusting the signal for rated equipment output, by tuning the
selective voltmeter to different frequencies, or by any other means that
provide an accurate measure of NPR (SSB) as defined in paragraph 2.425.

9.3.1.1.1 Noise Test Signal Per Channel.

9.3.1.1.1.1 Noise Spectrum. The noise generator output shall be
flat (constant power per Hertz of bandwidth ) + 1 dB from 100 Hz to 6000 Hz.

9.3.1.1.1.2 Noise Amplitude Distribution. The noise test signal
amplitude density distribution shall be as indicated below when measured
in a window of 0.2 (sigma) where sigma is the standard deviation of rms
value of the noise voltage.

Voltage (in Sigma) Amplitu&e Density Distribution
0 0.0796 + 0.005
+1 0.048k + 0.005
+2 0.0108 + 0.003
+3 0.000898 +  0.0002

9.3.1.1.1.3 Noise Band Limiting. The noise generator output shall
be band limited to a 3 dB passband from 100 Hz to 6000 Hz with 6 dB/octave
cutoff slopes. The passband tolerance shall be + 1 dB. :

9.3.1.1.1,4k Noise Band Notching. The noise generator output shall be
notched by the narrow stop band of a notch filter located near the center

of a 3 kHz channel passband to clear a portion of the channel of noise for
measuring equipment mth 3 kHz or 6 kHz channels.

9.3.1.1.2 Notch Filter. S
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9.3.1.1.2.1 Stop Band Center Frequency. The stop band center
frequency shall be 1600 Hz + 150 Hz. :

9.3.1.1.2.2 Stop Band Bandwidth. The 3 dB bandwidth of the stop
band shall not exceed 350 Hz. The attenuation skirts of the notch filter
shall provide sufficient signal rejection when used in conjunction with
the narrow bandpass filter in the frequency selective voltmeter to achieve
the measurement dynamic range desired (50 dB typical).

9.3.1.1.3 Frequency Selective Voltmeter.

9.3.1.1.3.1 Bandpass Filter. The 3 dB bandwidth of the bandpass
filter should be sufficiently wide (50 Hz typical) to minimize integration
time required for a reasonably steady (+ 0.5 dB typical) meter indication.
The 60 dB bandwidth shall be sufficiently narrow (100 Hz typical) to allow,
when used in conjunction with the notch filter, for the measurement dynamic
range desired (50 dB typical). NOTE: A 100 kHz crystal filter design
can meet these typical characteristics.

9.3.1.1.3.2 Frequency Translator. The dynamic range of the frequency
translator shall be wide (90 dB typical). NOTE: The phase noise associated
with the conversion injection signal shall be sufficiently small so as to
not affect the NPR measurement.

9.3.1.1.3.3 Voltmeter. The voltmeter shall be of the type to indicate
either the average or the rms voltage level.

9.3.1.1.4 Multichannel Equipment. NPR (SSB) testing of multichannel
equipment is carried out by successively applying the aforementioned
single channel notched-noise test signal to each channel. The unnotched
inputs to each of the remaining channels shall consist of uncorrelated
noise, having the characteristics specified in 9.3.1.1.1.1, 9.3.1.1.1.2
and 9.3.1.1.1.3. In all cases, each of the channels shall contribute
equally to the output noise power and the total output noise power shall
be maintained equal to the rated output noise power.

9.3.1.1.5 Equipment Operation During Measurement. The equipment
shall be tuned and operated in its normal condition.

9.li Methods of Measurement of Transmission Performance of Digital
Data Modems in Presence of Added Gaussian Noise.

9.4.). Back to Back Performance Testing with Added Gaussian Noise.
NOTE: This measurement is not to be construed as a complete indication
of the actual performance of a modem when used over actual commmications
circuits. Other tests for the modem performance in the presence of other
circuit phenomena such as phase jitter, envelope delay distortion, impulse
noise, etc. are also required. _

9.44.1.1 Determining Signal to Noise Ratio. Although this concept of

establishing the performance criteria of various digital and quasi-analog
data transmission systems is widely accepted, the measurement techniques
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used throughout the engineering community often differ to some degree and
agreement of results is not always achieved. It is considered appropriate
to present a2 standard method of measurement to alleviate this situation.

Ba51cally, this measurement technique strives to establish a plot of
bit error rate (BER) as a function of signal to noise ratio S/N. It is
often assumed that S/N in dB taken from the ratio of RMS signal voltage
to RMS noise voltage as measured with a true RMS voltmeter is identical
to any other equivalent S/N simply measured in the same manner. Difference
in the results achieved under apparently equivalent or identical test
configurations can often be ascribed to inattention to certain details of
the signal and noise characteristics which produce subtle differences.

In addition, many test engineers prefer a normalized S/N ratio to facilitate
comparison of results with theoretical results which are often presented on
a normalized basis using the ratio of bit energy in Joules to noise power
density in watts per cycle of effective noise bandwidth (E /No) This method
has become so prevalent while proving to be sufficiently convenlent, that it
will be presented herein as a preferred method. The S/N measurement easiest
to obtain is the RMS signal voltage to RMS noise voltage ratio where the
voltage measurements are made with a TRUE RMS Voltmeter. After determining
this ratio, a convenient conversion constant (k) to normalize the ratio in
terms of E,/N, is necessary. The procedure for finding k follows:

9.4.1.2 Finding the k Value

Signal to Noise Measurements. The actual measurements made with TRUE
RMS Voltmeters will establish es/en, the ratio of RMS signal voltage to EMS
noise voltage in deciBels. In order to convert this dB value to an EO/N
dB value it will be necessary to add (or subtract) k deciBels.

Calculating the k Value

Since E, = Bit Power x Signal Element Length
. . 2
= %s x 1 secs
Z Bit Rate
and N_= 2
o~ °n x _1  where ENB is the effective noise
Z ENB |
bandwidth found below in 9.4.1.3
o 2
then E_ = 10 log S x ENB (if the bit rate is 2400 BPS)
2 10 =100 2

n

oz

e
10 logyg EMB , 20 1og S
!i 10 &

| 2400 e,

2k2
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Therefore Eo = k + 20 log ey |
o - : n

Example, if the ENB is 2730 Hz

k =10 log %ITI%%‘ = 10 log , 1.13

.k =10 x 0.05 =0.5 db

JTherefbre, 0.5 dB-shall be added to every e S/e . deciBel value

. measured. (e.g. 13.5 dB becomes 1l; dB on the EO/N°~ plo%.)

9.1.1.2.1 Finding Effective Noise Bandwidth (ENB). The Effective

. Noise Bandwidth (ENB) referred to above is the equivalent rectangular
bandwidth of a noise band limiting filter placed between the noise source
. and the signal and noise mixer unit. This bandpass filter is often taken

as one with its half power points at 300 and 3000 Hz and its -20 dB power .
.points at approximately 125 Hz and 7500 Hz. The exact roll-off character-
istics are not critical since the area under the power plot must be found
graphically (out to the -20 dB points) and converted to an equivalent
rectangular bandwidth centered around the peak power response of the actual
plot. After determining the equivalent rectangular bandwidth (ENB) the
noise density N, is established as shown in 9.k.1.2 above.

9.4.1.3 Performance Measurements. A typical test configuration for
determining the performance characteristics of a digital data modem system
under laboratory conditions with added Gaussian noise is shown in Figure
33. The 600 Ohm noise filter and mixer box should contain the band
limiting noise filter mentioned above in 9.h.1.2.1, attemuators for con-
trolling the S/N ratio and a 600 Ohm bridged "tee" or similar type of
linear mixer. The test pattern should be preferably several hundred bits
long with a small portion of the sequence (e.g., 16 bits) used for frame
synchronization by the pattern synchronization recovery unit which is
simply a shift register and rultiple input logical "AND" circuit.

Error rates at chosen S/N ratios can be determined by calculating
the number of bits of the total transmitted which are in error. Test
runs should be of sufficient length to realize several errors (say
approximately 10) in order to establish valid probability statistics.
Plots should be made on 6 cycle semi-log paper with bit error rate on =
the log ordinate and E /No on the abscissa. A typical plot can be
rgaéiggd with E_/N,_ valueS of approximately 8.5, 10.5, 12.5, 1.5 and
1 . . ’ . o

9.4.1.1y Setup. The following setup procedure is suggested to facili-
tate these measurements. . :

a. Set the signal attemator at -8dBm (320 milliVolts RMS into
600 Ohms) and note the setting. Remove the signal by inserting maximum
—attenuation (e.g., 30 dB) or substituting a 600 Ohm resistive load for the

signal path.
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b. Set the noise at -16 dBm.

¢. Reinsert the signal at its original attenuator setting. (The
setting which established the RMS signal level at -8 dBm). The es/en is
now set at 8§ dB. Make five test runs, average and plot the point.

d. Insert additional attenuation (in 2 dB steps) in the noise path
to raise es/en to 10 dB, 12, 1L and 16 dB and make runs and average at each
point as in c.

9.4.1.5 Plotting. The results found above may be plotted directly
as RMS signal voltage to RMS noise voltage ratios (es/en) expressed in
deciBels versus the corresponding bit error rates. If signal to noise is
to be expressed in normalized terms of bit energy to noise power density
(Eo/No) the k value in dB must be algebraically added to the es/en value.
(For the positive k value of 0.5 dB given in the example above the initial
setup value of 8 dB becomes 8.5 dB etc.,) NOTE: K is positive when the
ENB in Hz is numerically less than the bit rate in bits per second and
acts to degrade the es/en plot when normalizing. A negative k value
upgrades the es/en plot.

9.4.1.6 Precautions. In addition, to the procedures outlined in
setting up a modem performance test under conditions of added Gaussian
noise, there are some other precautions which must be observed if con-
sistent, repeatable results are to be achieved.

a. It should be verified that only signal and Gaussian distributed
noise are entering the ports of the mixer. (i.e., make sure that other
extraneous signals, noise, hum or unbalanced currents are not being
introduced) .

b. The Gaussian noise source miot be reasonably flat and unclipped
within the flat portion of the frequency redponse of the band limiting
noise filter.

c. The presumed Gaussian distribution should be verified as
Gaussian by some form of distribution analysis. If verification is not
achieved replacement or adjustment of the noise source should be
investigated.

d. Make sure that the driving impedances and load impedance of
the bridged "Tee" mixer are properly terminated. (Occasionally a careless
double terminations will present confusing results.)

e. A control modem, the performance characteristics of which are
well established, should be used to verify the test configuration.
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aE APPENDIX A
DESIGNATI_ON OF EMISSIONS AND BANDWIDTH

' The content of this appendix is derived from ITU Radio Regulations,
Geneva, 1959. Emissions are designated according to their classification
and their necessary bandwidth, .

1. DESIGNATION OF EMISSIONS AND BANDWIDIH

1.1 CLASSIFICATION OF EMISSIONS. Emissions are classified and
symbolized according to the following characteristics: .
(a) Type of modulation of main carrier.
(b) Type of transmission. .
(c) Supplementary characteristics.

1,1,1 Types of modulation of main carrier.

Symbol

(8) Amplitudesscesecreccesesescssesoscsceccoocsssesecscs ‘A

(b) Frequency (OI‘ phase)cooooooooo.co_oooqcooooooo_ocooooo F

(C) PUlSCeeccsccccscossesscscsnsncsssssseosercecsescecses P

1.1.2 Types of transmission.
(a) Absence of any modulation intended to carry
informationo.ooooo-ooooooooooooooooo'oonoo.ooooooooo 0
(b) Telegraphy without the use of a modulating audio
frequenCyeesesceccsessoscesesoesessscessssscsessnse 1
(c) Telegraphy by the on-off keying of a modulating
audio frequency or audio frequencies, or by the
on-off keying of the modulated emission (special
case: an unkeyed modulated emission)eeceeesocasess 2
(d) Telephony (including sound broadcasting)esesescscses 3
(e) Facsimile (with modulation of main carrier
either directly or by a frequency modulated
Scharrier)oooo.oooooooooooooooooooooo-oooooooooooo h

(f) Television (vision Only)oooooooooooooo-ooooooo'.oooo 5

(g) Four-frequency diplex telegraphy."......u.u...... 6

(h) Multichannel voice-frequency telegraphyescecesccssee 7

(i) Cases not covered by the above.sscesescsessessrcsces 9

1.1l.3 Supplementary Characteristics.

(a) Double sideband.csessceccecoeeccccesessssssscccssosse None

(b) Single sideband: :

: reduced CAYriOresssecssccsscssnsscscscscsescseso A
ﬁﬂl cmier...o.........000..0....'....0...‘.." H
suppressed Carrieressescececsccossscesessesscscse J

(C) Two independent sidebandSecsescesosesscossccesssones B

(d) Vestigial sidebandeccessossecsncscssccsseccasesescos c

(e) Pulse: . .

amplitude nodulatedessesccsesessccccessccsssene D
E

width (Or duraticn) modulatedeesescessessecscses
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1.1,k Examples of emissions.

phase (or pOSition) modulatedecoscecsencosos

code modulated.scooccoe

sions is tabulated as follows:

Q0600020000600 06QC°PO8GOCQ0

Symbol

F
G

The classification of typical emis-

Type of
modulation
of main Type of Supplementary
carrier transmission characteristics Symbol
Mplitude With no modulation.. . 20000080209808€0C3€0CH 40
modulation.. Telegraphy without the 0600000000000 000000 006 AL
use of a modulating '
audio frequency (by
on-off keying).
Telegraph;yby‘bhe on- 00000¢00000002600080 080 A2
off keying of an am-
Plitude-modulating
audio frequency or
audio frequencies, or
by the on-off keying
of the modulated emis-
sion (special case: an
unkeyed emission am-
plitude modulated).
Telephonyeocscsocoace Double sidebandscecccs A3
Single sideband, re- A3A
duced carrier
8ingle sideband, sup- A3J
t pressed carrier
Single sideband, full | A3H
carrier
Two independent side- A3B
bands
Facsimile (With modula~ § seeo0cecasscccacescceos Ah
tion of main carrier : ‘
either directly er by
a frequency modulated
subcarrier, Single sideband, re- Ala
duced carrier
Televisionoecscececsoo Vestigial sideband ASC
Multichannel voice- 8ingle sideband, re- ATA
frequency telegraphy. duced carrier .
Cases not covered by Two independent side- A9B

the above, e.g., a
combination of tele-
phony and telegraphy.

bands
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Type of

- modulation

of main
carrier

Type of

tranamission

Supplemntary
characteristics

Frequency (or

phase ) modu-
lation.

Pulse
modulation..

Telegraphy by frequency
shift keying without
the use of a modulat-
ing audio frequency:
one of two frequencies
being emitted at any
instant.

Telegraphy by the on-
off keying of a fre-
quency modulating
audio frequency or by
the on-off keying of a
frequency modulated
emission (special case:
an unkeyed emission
frequency modulateds.

Telephonyeseecoeererrncs

Facsimile by direct fre-
quency modulation of
the carrier,

TelevisioNeieocssrocsccves

Four-frequency diplex
telegraphy.

Cases not covered by the
above, in which the
main carrier is fre-
quency modulated.

A pulsed carrier without
any modulation intended
to carry information
(eago, radar)o.

Telegraphy by the on-off
keying of a pulsed
carrier without the usej
of a modulating audio
frequency.

Telegraphy by the on-off
keying of a modulating
audio frequency or au-
dio frequencies, or by
the on-off keying of a

modulated pulsed carrier

(special case: an un-
keyed modulated pulsed
carrier).

29

[ XYXEEXXFERYSIERNS RN S X 2

I N EEXREXEEERERER KR XN R NN ]

92000000¢0000080080s¢800

[ XYY ENN RN ENREREN R R RO N J

tesesscecoercoreescs

0808000080000 00000R00 0

20020008600 000000000Co e

900006000 ¢0Cc0a0000 0

(X XN FENEESENENE N XN NJ

Audio frequency or au~
dio frequencies modu-
lating the amplitude
of the pulses.

F2

F3
Fl

F5
F6

P1D

P2D
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modulation
of main Type of Supplementary

carrier transmission - characteristics Symbol

Audio frequency or au- | P2E
dio frequencies modu-
lating the width {or
duration) of the
pulses, -

Audio frequency or au~ | P2F
dio frequencies modu-
lating the phase (or
‘position) of the

pUlseSo
Telephonyoecoecscsceesco i A;?;i—itude modulated. P3D
S€S8e :
Width (or duration) P3E

modulated pulses,
Phase (or position) mo-| P3F
‘dulated pulses.
Code modulated pulses P3G
(after sampling and
quantization).
Cases not covered by the] ecesocoeccecscsocccasesl P9
above in which the main|
carrier is pulse modu-
lated,

1.2 BANDWIDTHS., Whenever the full designation of an emission is
necessary, the symbol for that emission, as given above, shall be pre-
ceded by a mmber indicating in kilo Hertz the necessary band-
width of the emission. Bandwidths shall generally be expressed to a
maximpmn of three significant figures, the third figwre being almost always
a nought or a five,

1.2.1 Examples of necessary bandwidths and designations of emission.
The necessary bandwidth may be determined by one of the following methods:
(a) Use of the formulae included in the following table which
also gives examples of necessary bandwidths and designa-
tion of corresponding emissions,
(b) Computation in accordance with C.C.I.R. recommendations.
(c) Measurement, in cases not covered by (a) or (b) above.

The value so determined should be used when the full designation of
an emission is required. However, the necessary bandwidth so determined
is not the only characteristic of an emission to be considered in evel-
uating the interference that may be caused by that emission.
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In the formulation of the following table, these terms have been .

employed:

B, = Necessary bandwidth in Hz.

B = Telegraph speed in bauds,

N = Maximun possible mumber of black plus white elments to be
transmitted per second, in facsimile and television.

M = Maximum modulation frequency in Hz, :

G = Subcarrier frequency in Hz,

D = Half the difference between the maximumand minimum values
of the instantaneous frequency. Instantaneous frequency
is the rete of change of phase.

t+ = Pulse duration in seconds,

K = An overall mmerical factor which varies according to the
emission and which depends upon the allowable signal
distortion.

Description Designa-
and class Necessary tion of
of emission bandwidth (Hz) Examples - details emission

1. AMPLITUDE MODULATION

Continuous By = Bevuvosso Morse code at 25 words per
wave tele- | minute, B = 20, K = 5;
graphy, K = 5 for fad- Bandwidths: 100 HZeeeee 0.,1A1

Al ing circuits v
K = 3 for non- Four-channel time-division
fading cir- multiplex, 7-unit code,
“cuits ' “142,5 bauds per chammel,
B = 170, K = 5; :
Bandwidth: 850 HzZeeee.o | 0.85A1

Telegraphy B, = BK + 2M,.., |Morse code at 25 wpm, B = 20, ‘
modulated K = 5 for fading M = 1000, K = 5;
by an audio circuits Bandwidth: 2 100 Hz 2.,1A2
frequency, K = 3 for nonfad- _

A2 ing circuits ‘

Telephony, B, = M for single | Double sideband telephomf,

A3 - gideband, M = 3000;

Bandwidth: 6000 HZeees. | GA3

= 2M for doubleJ Single sideband telephony,

sideband, reduced carrier, M = 3000;
’ Bandwidth: 3000 HZOQOOQ 3m

Telephony, two independent

gidebands, M = 3000; ) »

GA3B

midth: 60% H2. saee
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Description Designa-
and class Necessary tion of
of emission | bandwidth (Hz) BExamples - details. emission

I. AMPLITUDE MODULATION - Continued

Sound Bn = 2Miocccocoo [Speech and music, M = }4000;
broad- M W vary be- Bandwidth: 8000 HZ.ss000 8&3
casting, tween 4000 and

A3 10000 depending
on the quality
deaired, o

Facsimile, By = KN + 2Mos00 -|The total number of picture
carrier K=1,5 - elements (black plus white)
modulated tranmmitted per second is
by tone and equal to the circumference
by keying, of the cylinder multiplied

Aly by the number of lines per

unit length and by the

speed of rotation of the

cylinder in revolutions per

second.
Diameter of eylinder = 70 mm,|.
aunber of lines pexr mm = S,

speed of rotation = 1 rps,

N = 1100, M = 1900; '

Bandwidth: 5&50 HBoscocoaos 50&5«“@

Television Refer to relevent | Number of linee = 625; Number
(ﬂsion . C.CcI.R, docu- of lines par gecond = 156255
and sound), ments for the Video bandwidth: 5 Mia

A5 and bandwidths of | Total vision bendviith 6,25MHsl
F3 the commonly used FM sound bandwidth including
television guard bands; 0,75 MHz,
systems, Total bandwidths 7 MHs 6250A5C
' 750F3
II. FREQUENCY MODULATION

Frequency- By = 2,6D+0,55B | Four-channel time-division
shift tele- for - maltiplex with 7-unit code,
graphy 1-5< 2D <5»5 42,5 bauds per channel,

F1 D] B =170, D = 200;
2D = 2,35, tharefore the
F  first formula in
: column 2 applies
By = 2513"1093 Bandwidths 613 HZeeoooes | 0.6FL -
or
5.5< _2ﬁn_ < 20
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S

Description -
and class Necessary : tion of
of emission | bandwidth (Hz) Examples - details emission

II. FREQUENCY MOCDULATION - Continued

Commercial By = 2M+2DKeseee |For an average case of com-

telephony, K is normally 1 | mercial telephony, D = 15000
F3 but under certain| M = 3000;
Sound conditions a Bandwidth: 36000 HZeeeseo |36F3
t:m-oa.dca.sl::l.ng,ﬂ higher value may :
F3 be necessary.
B, = 2M+2DKeses. |D = 75000, M = 15000 and
assuning K = 1;
Bandwidth: 180000 HZQQOO 180F3
Facsimile, B, = KN+2M+2D,.. |(See facsimile, amplitude
Fl modulation.) Diamster of
K ='1.5 cylinder = 70 mm, mumber of
lines per mm = 5 speed of
rotation = 1 rps, N = 1100,
M = 1900, D = 10,000;
midth: 25’:50 HZOOO.' 2505Fh

Four-fre- If the channels Four-frequency diplex system
quency di- are not syn- with 400 Hz spacing between
plex tele- chronized, frequencies, channels not
graphy, B, = 2,5D+2,75B synchronized, 170 bauds key-

F6 where B is the ing in each channel, D = 600]
speed of the B = 170;
channel. Bandwidth: 2027 HZeesosose 2.05F6 .
If the channels
are synchronized
the bandwidth ia
as for Fl, B be-
ing the speed of
either channel.
ITT, PULSE MODULAT ION

Ummodulated | By = 2K t=3%100, K = 6
p\ﬂse, -'E- :

PO K depends upon the|  Bandwidth: k4 X 10° Hs....

ratio of pulse du-

ration to pulse
rise time, Its

value usually falls

between 1 and 10
and in many cases
it does not ex-
ceed 6,

253
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Description Designa-
and class Necessary tion of
of emission | bandwidth (Hz) Examples - details emission

IIT. PULSE MODULATIGN - Continued

Modulated The bandwidth de-
pulse, pends on the
P2 or particular types
P3 of modulation
used, many of
these being still
in the develop-
ment stage.
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APPENDIX B

EXPLANATORY NOTES
AND DIAGRAMS
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REPONSE IN dB

)
o

144

144 — 144- LINE WEIGHTING- dBrn
FIA - FIA-LINE WEIGHTING —dBa

CMSG-C~MESSAGE WEIGHTING-dBrnC

CCITT— PSOPHOMETRIC WEIGHTING

200 300

FIGURE 1.

400 600 800 1000 2000 3000
FREQUENCY IN HERTZ

Line weightings for telephone message circuit noise

4000 5000
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LEGEND

f— NOTION OF TAPE WITH RESPECT TO PUNCH
6 — GUIDE EDGE

I-8~ TRACK NUMBERS
F — FEED HOLE

ABC — PRINTING POSITIONS

O — HOLE POSITION

©® — HOLE PUNCHED

NOTE:
WHEN ASCH IS USED, THE PARITY (CHECK) BIT 1S
PUNCHED IN TRACK NUMBER 8.

5 UNIT CODE
6 UNIT CODE
7 UNIT CODE
8 UNIT CODE

CFIGURE 2 STANDARD PRINTING AND PUNCHING PLAN FOR PAPER TAPE
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- STRNDARD DIGITAL INTERFACE .
!
(TRANSMITTER) SOURCE buwote (RECEIVER) SINK
NA— L— ?
T L '
(< L.0ma [ Y ' 4 >
E-£(6%1)VOLTS L2000 1 2q R, don LR
1 NOTE2) m ! puflstt! 12 bS Lo 260000
| . Iuv I”,_...EL.'.’_;
L. SIGKAL ”
= GROUNWD i
Re .
Lop Ll
. RU Rlz le I'“ < 0.|ma
T+ T4y Iy <0.1ma
ILI < 0.lma
NOTE ONE , NOTE THREE
There is no technical limit on the Clock and control signals may
rumber of sinks that may be connected be sine waves or shaped square
(in parallel) to one source. There is waves.
a limit of one milliampere for the
steady state current to be utilized
for normal operation of the interface. }ME_EQHR; ;
Where more than one sink is connected : .
in parallel, the sum of the currents The modulation rate of the
through all sinks shall not exceed 1,0 control signaling shall not
ma. The combined input resistance of exceed that of the clock,
all sinks shall be 6000 Ohms minimum,
NOTE FIVE

NOTE TWO .
—_— This interface may be imple-
The source impedance shall not exceed Tjg:egrwj-thegn: Big;ng 1('.he
100 Ohms (including the shaping network) . ground o8 or
for current whose magnitude is less than  Sircuit) ground (unbalanced),
.01 amperes. It is to be noted that good ©OF With neither line grounded

installation practice should provide to signal (or circuit) ground
suitable protection from excess current (balanced).. Within an equip-
per para 7.2.1.2. Whether this ment, signal and chassis (or
protection is incorporated in the logic earth) shall be ssparate and
itself or between the logic output and independeat. In either imple-
the line is left to the discretion of mentation, the accidental or

intentional chassis (or earth)
grounding of one line external
to the equipment shall not cause
~damage to, or malfunction of,
the interface logic,
STANDARD DIGITAL INTERFACE (Low Level),
FIGURE 5

o °

the designer.
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CLOCK/ DATA PHASE RELATIONSHIP

1. The following definitions apply:
a. Data modulation rate = M,

b. Clock modulation rate indirectly related to the data modula-
tion rate = xM. Special case: when x = 2, clock is directly related to
data modulation rate. External clock, supplied at a higher modulation
rate and divided within equipment to provide a data modulation rate of M,
would be defined as some mmber multiplied by the data modulation rate;
e.g., 128M designates that clock is 128 times the data modulation rate,

2. There are five typical cases considered in this standard and
the user with a unigue case should attempt to relate his case to one of
the examples given.

CASE ONE: Source to sink data modulation rate is determined by
an external clock(s). In some cases the external clock is supplied to
the source and sink and in other cases there may be two separate external
clocks.

]
SOURCE - DATA - SINK

CLOCK xM CLOCK xM

_____}.P_E‘lc"_"‘_ - —

For electrically collocated source and sink driven by the same ex-
ternal clock at rate xM, x may equal 2; clock is directly related to data
modulation rate and center sampling, within plus/minns 1% of the data unit
interval, shall be assured.

For collocated source and sink driven by different clocks, or driven
by the same clock when x is greater than 2, or for elsctrically separated
source and sink; phasing techniques shall be employed which permit initial
adjustment of sample point to within plus/minus 1% of the theoretical data
unit interval measured fram the center of the data unit intervals arriving
at the sink,

CASE TW0O: External clock is supplied to the source device at xM;
divided down to 2M to serve as a directly related clock, and determines
the data modulation rate; the 2M clock is released along with the M data
to act as an instruction to the sink that the data lead contains data that
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is to be sensed., The method of gating the 2M clock is considered an
equipmient design consideration. The phase relationships of M to 2M :~
shall be mamtained whether gated or non-gated clock is furnished.

e ~ _DATAM ,_ o
VSQ_URCE CLOCK 2M | SINK -
{EXTERNAL CLOCK j EXTERNAL CLOCK '
TTTTTE T T
CASE 2
FIGURE 7

There is no specific phase relationship between xM and 2M or xM and
M defined or implied, There is a specific modulation rate relatlonsh:.p
which is determined by the ratio xM/2M or xM/M.

CASE THREE: Case three is similar to case two except the 2M
clock is .supplied from the sink toward the source. This clock may be
'-gated or non-gated; in effect it requests the source to release data., -
. There is no specific phase relationship between xM and 2M defined or im-
- plied. There is a specific phase relationship defined between M and 2M -
. at the source: data transitions can only occur after negative to posi-
. tive transitions of 2M, The data line shall not again change state until -

the next negative to positive transition at the 2M lead, The source shall
~maintain the phase relationship of the data M to clock 2M within plus/
minus 1%, The 2M clock is not permitted to change state except at transi-
tions of a continuous square wave of the same modulation rate. This is
intended to preclude data intervals occurring at other than integral
multiples of the unit interval,

The duration of the unit interval of the data modulation rate shall
be maintained within the accuracy of the external clock to plus/minus 1%.

‘ DATA M . |
SOURCE SINK
| < CLOCK M
T ok A T T
~ CASE 3
FIGURE 8
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CASE FOUR: No external clock is required or implied. The
control of the data modulation rate is completely under the control of
the source. A 2M clock and M data lead are supplied to the sink, The
ngtate" of the clock lead determines the sensing of the data lead at
the sink. The 2M clock shall request (cause) changes in the state of the
data only on the negative to positive transitions. The receiver shall
determine the state of the data lead only on the positive to negative
tra.nsit:.ons of the 2M clock,

DATA M

SOURCE SINK
CLOCK2M

CASE 4

FIGURE 9

.CASE FIVE: For start/stop format sinks utilizing internal, low
stability, sampling sources or external clock at rate xM; it shall be
permissible to sample incoming data within plus/minus 12,5% of the the-
oretical data unit interval measured from the actual center of the data
unit intervals arriving at the sink., Any data regenerated by this equip-
ment shall be retimed to prevent passing on to any oubput interface dis-
tortion caused by this sampling technique.
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12090

RETURN LOSS
AS A MEASURE OF IMPEDANCE MISMATCH

LOAD IMPEDANCE 600+0;
MISMATCH IMPEDANCE Z=iZi /@
FAMILY OF CURVES WITH
PHASE ANGLE © AS PARAMETER

1700

10

N
]

360

1 2 14 1@ 18 20 22 24 26 20 30 32 34 3
RETURN LOSS, dB
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NOTE:
fo IS THE CARRIER FREQUENCY

FIGURE 11

FACSIMILE EQUIPMENT RESPONSE

20 dB
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\/ \ POLAR SIGNAL A

NEUTRAL SIGNAL B

NOTE: Due to the shape of the wave and depending on the actual point on
the waveshape that the measurement is made, a signal may be said to be
distorted or not distorted. Tt is further emphasized that when the wave-

shape becomes degraded at locations remote from the source, distortion can
increase,

FIGURE 12

METHOD OF DISPLAY ON A WAVE FR(M THE ACTUAL POINT OF MEASUREMENT
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Graph for adding noise or signals expressed in decibels or dBa, If signals differ by
more than 16 dB, smaller signal makes no significant contribution to total.
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REFERENCE CHART FOR MODULATION RATES

The following chart, Table 1 and Figure 15, gives the pertinent
technical characteristics of military and commercial communication systems
planned or commonly in use. It is intended primarily to serve as a handy
reference chart for commnicators who must interface with other systems.
It also points up the difficulties and advantages of standardized modula-
tion rates, These standardized modulation rates are identified in the
chart by underlines.

The following definitions apply to symbols used in Tahble 1, Figure 15
and Formulas:

l.
24
3.
L.
5

Words per minute,

Characters per second,

Modulation rate (Bamd).

Bits per second, '

Units per character interval, or unit intervals, or character
interval.

Whole bits per character interval,

Unit interval (size in milliseconds).

o
L ]
oo ' <
(qnci-? zw’zi_cps

Te = Duration of stop interval in milliseconds.

8. = Character intervals (size in milliseconds).

9. = (perations per minute,
10. = Normal bandwidth to pass 5th harmonic (rounded out from a

factor of 25 to a factor of 3) in Hertz

DATA SIGNALING RATE
m

Data Signaling Rate = Z Tl logy N,

1

where:
m = number of parallel channels
T; = minimum interval for the i th channel expressed in
seconds
n; = number of significant conditions of the modulation in

the 1 th channel
Data Signaling Rate is expressed in bits per second
NOTE 1 -~ For a single channel (serial transmission) it reduces to
1 10g. n; with a two-condition modulation (n = 2), it isl,
T =27 T

NOTE 2 - For a parallel transmission with equal minimum intervals and
equal number of significant conditions on each channel, it is

D log, n ( B in the case of a two-condition modulation Yo
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1 2 3 L 5 6 7 8 9 10 ‘II'

W) (cy) M) (B) - (W) (v) (su) (c) (0) (F)
o o (5 Unit)
" 35.71 3.57 25 25 7.0 LO. ‘4o 280 219.2 75 -
0.0 1.0 28 28 7.0 35.7 35.7 250 2L0 i
60 6.0 42 2 7.0 23.8  '23.8 166 360 126
(10)65 6.5 L5.5  L5.5 7.0  21.97 21.97 153.7 390(A) 136.5
66 6.6 L6 L6 7.0 21.7 21.7 '151.9 396 138
(1)7103 7013 h9o9 h9c9 70',0 200 . 20- lll.O h2708 lh9°73
(9)71.h2 7.1 50 50 7.0 20, 20,  1h0.  L28.5(AN50
75 7.5 52.5 52.5 7.0 19, 19. 133 L0  157.5
100 10,0 70 70 7.0 .2 1.2 99.4 600 210
106  10.6 h.2 h.2 7.0 13,5 - 13.5 9L4.5 636  222.6
(9)107.1 10.7 75 - 75 7.0 13,3 ~13.3 93.1 642.8 (A5
2.7 1L.27 100 100 7.0 10.0 10.0 70 B58.2 300%
(2)600 60,0 L2o 420 7.0 2.39 2.39 16.73 3600 1260
Lo 4.0 29.68 28 7.h2  33.6  47.7 249.3 240 89
60 6.0 Lh.52 L2 7.h2 2246 31.9 166.6 360 133.5
61.3 6.13 45.5 42.91 7.h2  21.97  31.2 163 367.8 136.5
66 6.6 48.97 L6.2 7.h2 20.4 . 28.97 151.3 39 146.9
67.4h 6,74 50 47.1  7.42 20 28.L 148.4 Loy 150
75 7.5 55.65 < 52.5 7.h2 17.97 25.5 133.3 L50 166.9
100 10 .2 70 7.42  13.47  19.1 99.9 600  222.6
_ 101 10.1 75 70.7 7.42 13.33 18.9 98.9 606 225 .
©(3)122.7 12.27 91 - 85.89 7.h2 10.98 31.2 80.5 736 273
60 6 L5~ k2 1.5 22.2  33.3 166.5 360 135
(4)66.7 6.67 .50 L6.69 7.5 20 30 150 Loo 150
75 7.5 56.25 52.5 7.5  17.6  26.L 132 Lso 168
100 10 75 70 7.5 13.33  19.99 99.97 600 225
200 20 150 140 7.5  6.66 9.99 L9.5 1200 450
600 60 450 420 7.5  1.66 2.h9 1245 3600 1350
800 80 600 560 7.5 1.25 1.87 9.37 L4800 1800 .
1000 100 750 700 7.5 1. 1.5 7.5 6000 2250
1600 160 1200 1120 7.5 0.625 0.937 L.68 9600 3600
(6 Unit)
(5)60 6 48 L8 8,0 20.8 20,8 166.L 360 1k
(6)61.3 6.13. - L49.04 . L49.0h 8.0 20,4 20., 163.2 367.8 147
(7)100 10 85 80 8.5 11.76 17.6 99.96 600 255
(8)100 10 - 100 100 - 10.0 10.0 10. . 100. 600 300
TABLE 1

REFERENCE CHART “FOR MODULATION RATES

®
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1 2 3 N 5.6 8 9 10
(W) (cy) M) (B) w @ (su) (c) o (F)

8 Unit (synchronous)
93, 9.375 75 75 8 13.33 13,33 196.6 562.5 225
187. . 150 150 8 6.66 b6.66  53.3 1125  L50
375 37.5 300 - 300 8 3.33 3.33 26,6 2250 = 900
750 75" %00 600 8 1.667 1.667 13.3  L500 1800
1500 150 1200 1200 8 0.833 0.833 6.66 9000 3600
3000 300 21,00 2400 B8 0.4,16 0.416 3.33 18000 7200

8 Unit (asynchronous)
h2.9 L.29 45 h2.9 10.5 22.2 33.3 233.1  257.4 135
53.3 5.33 56 53.3 10.5 18.7 28.1 196.3 319.8 168
71.L 7.1 75 714 10.5 13.33 19.99 1ho Lhe8.y 225
2.8 14.28 150 2.8 10.5 7. 10.5 73.5  856.8 L50«
429 42.9 450 L29 10.5 2.33  3.L49 2Ly 2574 1350
S71 57.1 600 571 10.5 1.66 2.49 7.4 3426 1800
71h 7i.4 750 7k 10.5 1.33 1.99 13.9 L8 2250
1143 114.3 1200 1143 10.5 0.833 1.24 8.7 6858 3600
1333 133.3 1400 1333 10.5 0.714 1.07 7.488 7998  L2oox

8 Unit (asynchronous) - -

75 7.5 75 75 10.0 13.33 13.33 133. Lso(a) 22
150 1 150 150 10.0 6. . R 900 (A 0

300 30 300 300 _10.0 3.33 3.33 33.3 1800(A) 900
600 60 600 600 10.0 1.667 1. 66“"‘i3.67 3600(4) 1800
1200120 1200 1200 10.0 .

68,2 6.62 75 5 1. O 13.33 26.66 Ih6 63 L409.1(A) 225
136.4. 13.6L4 150 150 11,0 6.66 13.33 73.26 818.2(A) L50
NOTES: '
(1) Telex-Europe.
(2)  TTY Elec. Dist.
(3) Teletype Diplex.
(L) CCITT Standard.
(5) 1IBM Start-stop.
(6) Teletypesetter.
(7) Stock Ticker.
(8) IBM Start-stop.
(9) Standard rates for electronic replacements for mechanical
teletypewriter equipments,
(10) Rate provided in new electronic equipments for compatibility
with existing 60 WPM mechanical equipments.
(A) A nominal figure which is not meaningful in the new electronic

teletypewriter equlpments

TABLE 1(Cont'd)
REFERENCE CHART FOR MODULATION RATES
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s Typical capability of the AN/FGC-61, AN/FGC-29, etc (about
50 cards per minute). .

# Typical 100 cards. per minute.
%  Permissive standard rates.

Underlires indicate preferred standard rates.

"TABLE 1 (Cont'd)

REFERENCE CHART FOR MODULATION RATES-
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DELAY DISTORTION

1. The following explanatory information is provided for a better
understanding of definitions for Delay Distortion, Envelope Delay Distor-
tion, Phase Dlstortlon, and Standards for limits on these distortion
phenomena,

1.1 Phase Delay (T,).. The time delay between an input sinusoidal
waveform to a circuit og network and the output waveform is called Phase
Delay. This may be determined from the phase shift characteristic as
shown in the following figure., The phase delay at any frequency ( w )
can be computed as:

T = B' radians s where w, = 2w fy; also
P @, radians/second
T = Bz at frequency f,, where w, =27 f.,
P w, 2’ -2 2
B
12T
I
/

PHASE SHIFT RADIAKS

|
|
|
I
I
!
|
!
I

f, ¢ FI816

0 | 3 L
UEHCY Kz

FRE

1.2 Delay Distortion (Tg)e The distortion of a camplex waveform, made
up of two or more different frequencies, caused by the difference in arrival
time of each frequency at the output, is called delay distortion. It is the
direct result of a nonlinear phase-shift characteristic in the transmission
medium, Delay distortion may be defines-as:

B B

d Wy w,
whic_:h is the difference in phase delays at the two frequencies,

T

1.3 Absolute Envelope Delay (encvelope delay) is the amount of delay
encountered by the modulating energy in a signal between the input and
output of any circuit. It is measured by transmitting a narrowband signal
at the frequency( s) of interest and using the same reference at the re-
ceiver. It is the derivative of the phase-shift curve (as shown in Fig 16)
at the frequency of measurement, ,
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ENVELOPE DELAY,MSEC
T

ABSOLUTE npm DELAY AT 1000 Hz
. 1

0 l 2 3 4
FREQUENCY KHZ

FIG 17

1.4 Relative Envelope Delay. Relative envelope delay is the differ-
ence in envelope delay at various frequencies but with a specific frequency -
selected as a reference point for all other frequencies. The delay at the
reference frequency is considered to be O microseconds, and all other fre-
quencies will either have more (positive) or less (negative) delay than the
reference frequency (Fig 18).

4~

(POSITIVE)

RELATIVE ENVELOPE DELAY RELATIVE ENVELOPE DELAY AT 3KHZ
: WITH IKHZ AS REFERENCE FREQUENCY

ENVELOPE DELAY, NSEC
]

o
—_———

2

FREQUENCY , KHZ '
FIG 18
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1.5 Envelope Delay Distortion. True delay distortion as determined
from the phase characteristic is often confused with envelope delay dis-
tortion as determined from the envelope delay characteristic. ZEnvelope
delay distortion is the maximum difference of the envelope delay character-
istic in a band between any two specified frequencies (Fig 19). It is
not directly related to delay distortion (T d). u

+a

o

HAXINUM DIFFERENCE I BAKD
BETWEEN €00 AND 3200 HzZ

EMVELOPE DELAY, MSEC -

<

FREQUEACY , BNZ

FIG 19
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- EQUIVALENT FOR ANY TONE OR TYPE OF NOISE

MIL-STD-188¢C

=ONLY 3-KC WHITE NOISE

{ 1 L
PSOPHOMETRIC PSOPHOMETRIC PSOPHOMETRIC
VOLTAGE POWER POWER LEVEL FlA-LINE C- MESSAGE
IN 600 OHMS (pw) REF TO Imw WEIGHTING WEIGHTING
Mmvp ! Mpwp- ! Fdbmp 1 " dba ! Mdbrac !
3000
1010 —+10 - —100
2000} =4 = = -
| 54 — :90 .
1000 E 0.775 - 9 S = -
goof- {0.775v - 107=1mv (o} +84 - —90
600 -775"”'} Ee o E—+82 +e8 |
- e s 80 -
400} ~ = = =
' -2 = - -
F-245 =—8|O° —-10 = F-80
200~ =3 = C o
- e = —70 =
100 - = o o
BO[=—77.5 = 107. —-20 - =70
[-1e] o Fé - = -
- ~* = —60 C
40~ — - - —
2 - - -
- —24.5 - 10©. — -30 = 60
201~ =H F - o
r - ol —50 -
o - : & ]
8 F—7.75 EBIO :—-40 - —50
s e - — =
- i =3 40 a
-4 = - - -
= -2 = - -
L —2.45 - 10° F—-50 = 40
2~ = o — E
: 2 3 =30 3
= 2 -578F = =
0.8 0,775 L 103 —-60 - —30
0.6~ - = -
- E =20 C
04}~ e = =
--0.245 102 - -70 3 - 20
0.2 - - -
: 3 =10 3
ol | = = -
0.08E—0.0775 10 —-80 = =10
0.06p- c E E
F—0.049 - — -84 —O0 +6 [
0.04- - - -
:- = -2 . — .:_- E_- E.
o.02L. 00245 =107 WATT 90 6 (0]
[20 LOG g (mvp)-37.8] = [0L0G,o(pwp-90] = [dbmp] = = [aba-84] =  [dbrnc-90]

BASIS FOR CHART CONSTRUCTION

A. dbm, PSOPH. WTD (dbmp) = dba -84

B. ONE mw UNWEIGHTED 3-kc WHITE NOISE
READS +82dba = +88.5 dbrnc (C - MESSAGE),

ROUNDED OFF TO:+88.0 dbrnc

C. ONE mw INTO 600 OHMS = 775 MILLIVOLTS =
O dbm = 10? PICOWATTS

CONVERSION CHART: PSOPHOMETRIC, FIA
AND C-MESSAGE NOISE UNITS

TAHLE IX

217

READINGS OF NOISE MEASURING SETS WHEN
CALIBRATED ON ONE MILLIWATT OF TEST TONE:
FIA-LINE: AT 1000 Hz READS +85 dba
C- MESSAGE : AT 1000 Hz READS +90 dbrn
PSOPHOMETER (1951), 800 Hz READS O dbm
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EQUIVALENT FOR ANY TONE OR TYPE OF NOISE =ONLY 3-KC WHITE NOISE
R L 1
) 'PSOPHOMETRIC PSOPHOMETRIC PSOPHOMETRIC

VOLTAGE " POWER POWER LEVEL FIA—LINE C-MESSAGE

IN 600 OHMS (pw) . REF TO imw WEIGHTING WEIGHTING

™ mvp ! ! pwp. ! f dbmp ! Mdba ' dbrnc
—8 ;95 —10% — —40——— 44 — 50
- —9 — — —
—7 — 8 — — —
- — 7 — — —
—© = ~ — -
- =5 - — -
=5 =4 — — 40 —
= = - - -
= o3 —— 45 — —— 45
=2 = L — —
= =2 - — —
— 3 =15 N — -
— — —— — 35 —
———2.45———i0* [ -50 = 40
L : — 9 — — -
- ' — 8 — — ——
2 — 7 - . -
— - 6 R L L
= = = — —
- = 4 L — 3° -
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- = — — —
. E——Z b — —
| = — - C
5—0.9 E | L 25 -
_E—Q'—a—o.ﬂs—— C 103 L -60 C 24 30

0.7
[20L0G o (mvp) - 57.8] = [10 LOGo(pwp)-90] = [abmp] . [aba-84] = [dbrnc -90]
BASIS FOR CHART CONSTRUCTION
3 dom: ot WTD tdma)- o 20 AN grST e s e
8 ONE mw UNWEIGHTED 3-kc WHITE NOISE TED EST :
READS +82dbc - +88.5 dbrnc (C- MESSAGE), g'_AM' LINE : AT 1000 Hz READS + 85 dba
ROUNDED OFF TO: + 88.0 dbrnc. ESSAGE : AT 1000 Hz READS +90dbrn

P TER
C. ONE mw INTO 600 OHMS = 775 MILLIVOLTS = SOPHOME TER (1951),800 Hz READS O dbm

0 dbm =109 PICOWATTS.

CHART IS ADAPTABLE TO RANGES A THROUGH E WITH LIMITS AS FOLLOWS:

mvp pwp dbmp g_b_g_ dbrnc
A' 775. 109 ' 0 +84 20
8 77.5 107 -20 +64 70
c 7.75 108 -40 +44 50
> 0.775 103 -60 +24 30
£ 0.0775 10 - 80 + 4 10

0.0245 | -90 - 6 ¢}

TAILE III
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. APPENDIX C

CODED CHARACTER SETS (ALPHABETS)

1. INTRODUCTION. Teletypewriter message transmission systems have
been used in Department of Defense communications for a number of years
and are expected to be used for some time. The five unit teletypewriter
coded character set (see table 3) used throughout these systems has for
many years been established as a standard and is included in this publica-
tion as an interim standard since it will remain in use for an undetermined
interval. In the past decade, an extensive automatic electronic information
processing industry has been developed. Numerous codes and media practices
have been developed for input and output use with a great variety of proces-
sing equipment.

The coded character set of table 3 has not been extensively used for
input or output in automatic information processing for a number of reasons.
One reason is the requirement for a case shift to represent the characters
in the set; another reason is the lack of order in code assigmments from
the standpoint of information processing by machine methods.

" Recognizing that a standard coded character set was required to trans-
mit data between the various automatic information processing centers and
their associated equipment, the Department of the Army developed an eight
unit code (FIELDATA) which was approved as a Military Standard in 1960
(see table ;). This code has been used in a number of communications and
automatic data systems developed by the Department of Defense as well as
in some commercial automatic data processing equipment. The great majority
of data processing equipment has; however, used codes; media and recording
format chosen by each manufacturer. The problem of information interchange
between these equipment has grown more acute as their use has increased,
not only in the Govermment, but in commercial applications as well.

During recent years, through the cooperative effort of representatives
of the data processing industry, the communications industry, and the
Federal Government, a coded character set has been developed and approved
as a USA Standard. Code for Information Interchange (USASCII) X3.4-1967,
revision of X3.4-1965. This coded character set, in addition to having
many of the features of the FIELDATA code, possesses a character order more
acceptable for data manipulation and processing purposes. The USASCII is
intended to serve as a universal code for input/output purposes and for
information interchange in automatic data processing, data transmission and
data capture where coded characters are used. The general use of a standard
coded character set will minimize requirements for code conversion and
related types of intermediate processing operations when exchanging infor-
mation in machine code form throughout the Department of Defense.
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During the past six years, intensive effort has been applied to obtain
international agreement on a code for information interchange. The coded
character set shown in Table 1 reflects a considerable amount of interna-
tional consideration before May 1966, At this time the International
Standards Orgamization (ISO) and the International Consultation Comnittee
Telegraph and Telephone (CCITT) of the International Telecommunications
Union (ITU), as specialized agency of the United Nations, and the USA
Standards Institute (USASI) proposed certain minor changes now incorporated
in Table 1., These changes were not reflected in Change Notice No., 1 to
MIL-STD-188B because they had not been officially approved by the USASI,
The changes were approved, however, on July 7, 1967. In 1966 the CCITT
announced that the international version of the code shall be known as the
International Telegraph Alphabet No, 5 (ITA No. 5), The internaticnal ver-
sion has reserved code table positions 4/0, 5/11, 5/12, 5/13, 7/11, 7/12
and 7/13 for national use. The USASI has assigned relatively unimportant
characters to these positions so that their use may be dispensed within
certain international traffic with a minimum of difficulty.

The USA Standard Code for Information Interchange, commonly referred to
as USASCII or ASCII, was made a Federal Standard by a Memorandum of the
President of the United States on 11 March 1968. This Appendix is therefore
in accordance with the July 7, 1967 revision of USASCII and the Federal
Standard established in the Presidential Memorandum,

Certain major procurements were made based upon the pre-May 1966 ver-

" sion of USASCII. These equipments should not be considered nonstandard un-
- less operational incompatibilities result but a planned effort should be
made to convert to Table 1 operation at the earliest necessary date, depend-
ing upon operational difficulties. The changes made in the USASCII were:

a. In position 1/10 the SS (Special Sequence) was replaced with SUB
(Substitute ).

b, The "@" was moved from position 6/0 to L4/0 and the "grave accent"
from position L4/0 to 6/0,

c, The "Tilde" in position 5/12 was changed to "reverse slant."

d. The "overscore" was moved from position 7/12 to 7/1L4 and represented
by the "Tilde" which it doubles for and the "vertical line" was moved from
position 7/1L to 7/12 and represented by a two-segment broken vertical line,

The information contained in this appendix is derived from the USA
Standard Code for Information Interchange X3.4-1968 and is included in this
standard with the permission of the USA Standards Institute.

That portion of X3.4-1968 that concerns the "New Line" (NL) convention
has not been adopted as a Federal Standard whereas the provisions of X3.li-
1967 have been pursuant to Federal Information Processing Standards Publica-
tions 1 and 7 (FIPS PUBS 1 and 7) published by the US Department of Commerce/
National Bureau of Standards,
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2, USA STANDARD CODE FOR INFORMATION INTERCHANGE (USASCII).

2.1 The USASCII is to be used for the general interchange of informa-
tion among information processing systems and communication systems, of a
character conscious type, used by the Departments and Agencies of the
Department of Defense,

2.2 Table 1 contains Printing Symbols for the 128 characters of
USASCII, Where standards for printing symbols for the control characters
have not yet been established for USASCII, Table 1 contains recoammended
symbols for control characters in columns O and 1 and for "delete" in posi-
tion 7/15, Table 1 also has added two noncoded graphics; the diamond ( ¢ )
as the symbol to indicate a detected error and the heart (Q ) as a
general symbol to indicate control characters (see par., 2.5.3).

2.3 Character Représentation. The standard 7-bit character represen~
tation with bp the high-order bit and by the low-order bit, is shown below.
(Order of bit transmission is specified in paragraph 2.6.4 of this appendix,)

EXAMPIE: The bit representation for the character "K" (see Table 1) is:

b? bg bc b, b3y by
l7 0] O5 lh O3 1 :1
The code table position for the character "K" may also be represented
by the notation "colum L, row 11" or alternatively as "L/11." The decimal
equivalent of the binary number formed by bits by, bg, and bg, collectively,
forms the column number, and the decimal equivalent of the binary number
formed by bits b), b3, b and by collectively, forms the row mumber.

2.: LEGEND

2.l,1 Control Characters:
NUL DNull DC3 Device Control 3
SOH Start of Heading (CC) DCl, Device Control )i (Stop)
STX Start of Text (CC) NAX Negative Acknowledge (cc)
ETX End of Text (CC) SYN Synchronous Idle (CC)
EOT End of Tranamission (CC) ETB End of Transmission Block (CC)
ENQ Enquiry (CC) CAN Cancel
ACK Acknowledge (CC) EM End of Medium
BEL Bell(Audible or attention signal) SUB Substitute
BS Backspace (FE) ESC Escape
HT Horizontal Tabulation (punched card FS File Separator (IS)

skip) (FE) h GS Group Separator (IS)
IF Line Feed (FE) RS Record Separator (IS)
vT Vertical Tabulation (FE) US Unit Separator (IS)
FF Form Feed (FE) DEL Deletel
CR Carriage Return (FE) NOTE: (CC) Communication Control
S0 Shift Out (FE) Foarmat Effector
SI Shift In (IS) Information Separator
DLE Data Link Escape (CC) (1) In the strict sense,
DC1 Device Control 1 : DEL is not a control
DC2 Device Control 2 character,
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2.4.1.1 When a control character is represented by a éingle graphic

symbol, the symbol shall be that which appears to the right of the cdntrol
abbreviation in table 1.

2.h4.2 Graphic Characters:

Column/Row
2/0
2/1
2/2
2/3
2/h
2/5
2/6
2/7

2/8
2/9
2/10
2/11
2/12
2/13
2/1L
2/15
3/10
3/11
3/12
3/13
3/
3/15
L/0
5/11
5/12
5/13
5/
5/15
6/0
7/11
1/12
7/13
7/14
Not Coded
Not Coded

Symbol
SpP
!

f

- Ro 8 €3 I

+ K S~

-

P/ A@ oV A

QG Ol=mm, |

Name
Space (normally non-printing)
Exclamation Point 1
Quotation Mgrks (Diaeresis™)
Number Sign
Dollar Sign
Percent

© Ampersand

Apostrophe (Closing Single Quotation Mark;
Acute Accentt)

Opening Parenthesis

Closing Parenthesis

Asterisk

Plus

Comma. (Cedillal)

Hyphen (Minus)

Period (Decimal Point)

Slant

Colon
Semicolon

Less Than
Equals
Greater Than
Question M’ark2
Commercial At™

Opening Brackgtd
Reverse Slant
Closing Bracket?
Circumflexls?
Underline

Grave Accentléz (opening single quotation mark)

Opening Brace

Vertical Line

Closing Brace

Overline® (Tilde;General Accentd)
Diamond

Heart

1 The symbols in 2/2, 2/7, 2/12, 5/, 6/0 and 7/l may be used as

diacritical marks by preceding them with an alphabetic character

and BS (Backspace) in that sequence.

These characters should not be used in intermational interchange

without determining that there is agreement between sender and

recipient.
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2.5 DEFINITIONS

. . 2.5.1 General:

(CC) Communication Control: A functional character intended to
control or facilitate transmission of information over commnication net-
works.

(FE) Format Effector: A functional character which controls the
layout or positioning of information in printing or display devices.

(IS) Information Separator: A character which is used to separate
and qualify information in a logical sense. There is a group of four
such characters, which are to be used in a hierarchical order.

2.5.2 Control Characters:
NUL: The all zeros character.

SOH (Start of Heading): A communication control. character used at the
beginning of a sequence of characters which constitute a machine-sensible
address or routing information. Such a sequence is referred to as the
"heading". An STX character has the effect of terminating a heading.

STX (Start of Text): A commnication control character which precedes
a sequence of characters that is to be treated as an entity and entirely
: transmitted through to the ultimate destination. Such a sequence is
. . referred to as "text". STX may be used to terminate a sequence of charac-
o ters started by SOH. . _

ETX (End of Text): A communication control character used to terminate
a sequence of characters started with STX and transmitted as an entity.

EOT (End of Transmission): A communication control character, used to
indicate the conclusion of a transmission, which may have contained one
or more texts and any associated headings.

ENQ (Enquiry): A communication control character used in data commni-
cation systems as a request for a response from a remote station. It may
be used as a "Who Are You"(WRU) to obtain identification, or may be used
to obtain station status, or both.

ACK (Acknowledge): A communication control character transmitted by
a receiver as an affirmative response to a sender.

BEL: A character for use when there is a need to call for human
attention. It may control alarm or attention devices.

BS (Backspace): A format effector which controls the movement of

_the printing position one printing space backward on the same printing
line. (Applicable to display devices).
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HT (Horizomtal Tabulation): A format effector which controls the move-
ment of the printing position to the next in a series of predetermined
positions along the printing line., (Applicable also to display devices and
the skip function on punched cards.)

" LF (Line Feed): A format effector which controls the movement of the
printing position to the next printing line. (Applicable also to display
devices.) Where appropriate, this character may have the meaning '"New Line"
(NL), a format effector which controls the movement of the printing point
to the first printing position on the next printing line. Use of this
convention requires agreement between sender and recipient of data. (So
long as the current operating procedure of ending (or beginning) a line
with CR-CR-LF is observed no operational problem arises from interconnecting
"NL" and "Non-NL" machines.)

VT (Vertical Tabulation): A format effector which controls the movement
of the printing position to the next in a series of predetermined printing
lines. (Applicable also to display devices.)

FF (Form Feed): A format effector which controls the movement of the
printing position to the first predetermined printing line on the next
~ form or page. (Applicable also to display devices.)

CR (Carriage Return): A format effector which controls the movement
of the printing position to the first printing position on the same
printing line. (Applicable also to display devices.)

S0 (Shift Out): A control character indicating that the code combina-
" tions which follow shall be interpreted as outside of the character set
of the standard code table until a Shift In character(s) is (are) reached.

SI (Shift In): A control character indicating that the code combina-
tions which follow shall be 1nterpreted according to the standard code
table.,

DLE (Data Link Escape): A commnication control character which will
change the meaning of a limited mumber of contiguously following charac-
ters. It is used exclusively to provide supplementary controls in data
coan?ication networks. DLE is usually terminated by a Shift In charac-
ter(s).

DC1l, DC2, DC3, DCLi (Device Controls): Characters for the control of
ancillary devices associated with data processing or telecommnication
systems, more especially switching devices "on" or "off"., (If a single

"stop" control is required to interrupt or turn off ancillary dev1cesg
DCY is the preferred assignment.)

NAK (Negative Ackndwledge): A commnication control character trans-
mitted by a receiver as a negative response to the sender.

SYN (Synchronous Idle): A communication control character used by a
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synchronous transmission system in the absence of any other chayacter to
provide a signal from which synchronism may be achieved or retained.

ETB (End of Transmission Block): A communication control character
used to indicate the end of a block of data for communication purposes.
ETB is used for blocking data where the block structure is not necessarily
related to the processing format. :

CAN (Cancel): A control character used to indicate that the data with
which it is sent is in error or is to be disregarded.

MM (Bnd of Medium): A control character associated with the sent data
which may be used to identify the physical end of the medium, or the end
of the used, or wanted, portion of information recorded on a medium. (The
position of the character does not necessarily correspond to the physical
end of the medium.)

SUB (Substitute): A character that may be substituted for a character
which is determined to be invalid or in error.

ESC (Escape): A control character intended to provide code extension
(supplementary characters) in general information interchange. The Bscape
character itself is a prefix affecting the interpretation of a limited number
of contiguously following characters. ESC is usually terminated by a Shift
In ‘character(s).

FS (File Separator), GS (Group Separator), RS (Record Separator) and US
(Unit Separator). These information separators may be used within data in
optional fashion, except that their hierarchical relationship shall be:

FS is the most inclusive, then G5, then RS, and US is least inclusive.
(The content and length of a File, Group, Record, or Unit are not specified).

DZL (Delete): This character is used primarily to “erase!" or "obliter-
ate" erroneous or unwanted characters in perforated tape. (In the strict
sense DEL is not a control character).

Note: SO, ESC, andDLEare all characters which can be used, at the
discretion of the designer, to indicate the beginning of a sequence of
digits having special significance.

2.5.3 Graphic Characters:

" SP (Space): A normally nonprinting graphic character used to separate
words., It is also a format effector which controls the movement of the
printing position, one printing position forward. (Applicable also to
display devices.) -

(Diamond): A noncoded graphic which shall be printed by a printing
device to denote the sensing of an error when such an indication is
required. As an interim standard, an asterisk (#) may be used for this
function. ‘
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(Heart): A noncoded graphic which may be printed by a printing
device in lieu of the symbols for the control characters shown in columns
0 and 1 in table 1 of this appendix. ‘ “

2.6 General Considerations

2.6.1 The relative sequence of any two characters of the code table,
when used as a basis for collation, is defined by their binary values.

2.6.2 No specific meaning is prescribed for any of the graphics in
the code table except that which is understood by the users. Furthermore,
this standard does niot specify a type style for the printing or display of
the various graphic characters,

2,6.3 For military purposes, a parity bit, bg is always added to the
standard character. Requirements for parity are described in paragraph
6.1.1.3 of the basic Standard, :

2.6.4 In serial by bit transmission, the coded character will be
transmitted low order first; i.e., the bits will appear on-line in the
order by, by, by, b, bg, bg, b, by (parity).

2.6.5 Special Consideration. An option is available in the use of
ASCITI to use line feed as new line (see the definition of line feed above).
In the Military Systems, the current practice of transmitting two carriage
returns and one line feed will be continued. However, it shall be standard
to procure new line equipment when available at no increase (or an insigni-
ficant increase) in cost and use it in accordance with the old practice.
This has the advantage of becoming prepared, at no additional cost, to
cutting over to new line operation should this ever be desirable while
maintaining compatibility between old and new equipments in the interim.

2.7 Printing Symbols

2,7.1 128-Symbol Set. The complete standard set of 128 printing
symbols is given in table 1. There are actually only 127 printing symbols
since the space is non-printing.

, 2.7.2 96-Symbol Set. The standard 96 symbol subset of printing
symbols comprises the symbols contained in columns 2 through 7 of table 1.
(95 printing symbols plus space). The heart symbol may be printed in lieu
of the symbol for the control characters shown in columns O and 1 in table
1 of this appendix. ) ’

2.7.3 6L-Symbol Set. The standard 6L-symbol subset of printing
symbols for page printer applications is given in table 2. The heart
symbol may be printed in lieu of the symbol. for-the-control characters
shown in colurms O and 1 in table 1 of this appendix.

3. FOUR-RQW KEYBOARDS, Four-row keyboards are standard for the
implementation of ASCII and for OCR message preparation units. The
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AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE
, )28- SYMBOL PRINTING SET |

COLUMN — )] | 2 3 4 5 6 7
b7 0] o) 0] o) I | I I
bé 0] 0 | I R
®bs 0 L el N %] 9] Yol Y 0

bq b3 b2 bI ——NON-PRINTING-(4 96-SYMBOL PRINTING SUBSET——] |
OOOO|NUL \ |DLE ©6 [SP| @ | @ P p o
OO0 I |SOH I | DCI O ! I A Q a q |
oolo|lstx L|pc2o | " |2 |B|R|b|r]c2
OO I I|ETX J |DC3 ® | ® | 3| C| S| ¢ | s |3
OI1OO|EOT 4 |DC4 ©@ $ 4 | D T d t 4
OIlOI]|ENQ ¢ [ NAK ® | % | 5 E |.-U e u 5
Ol O]l ACK = | SYN O 8 | 6 F v f v 6
Ol I I|BEL B (ETB ® [, |7 |G| W | g|w]|7
l00O0O|(BS <« |CAN B ( 8 H X h X 8
OO I|HT o |EM B[ ) |9 |1 |Y | il|y]o
lOIO|LF = |SUBD | * L J 2| z |10
ol I|(vT V|ESC B |+ |K|C[/|k|{[n
| 1OO|FF ¥ |FS B | , | < | L[N 1|} ]e
lI1TOI|CR « |GS B - = M ] m | I K
1 101SO A |RS H > N " n ~ 114
I T O T ] I Uus @ / ? 0 - o PELT | 15
NOTES:
(1) Columns 8 & 1 show the mnemonic abbreviations and the printing symbols for, the control characters.  M-64-900D
{2 The diamond ({) is printed to indicate the detection of an error. 1 Dec 1964
(3) The heart (Q) may be printed to indicate a character of the control character sub set. "~ Rev. 07-13-67
(@ Non-printing codes -in the 96-symbol Printing Set. v Rev. 10-14-69

Table 1. American Standard Code for Information Interchange
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SCL-4713

AMERICAN STANDARD CODE FOR INFORMATION INTERCHANGE

64-SYMBOL PAGE PRINTING SUBSET

COLUMN —! 0 i 2 3 4 5 6 7
b7beb5 0 o 0 o ' OHO OII IOO IOI l|o || é
b4 b3 b2 bi NON-PRINTING PRINTING |
0000 SP| @ | @ | P | @ | P | e
000 I ! I Al Q| A Q]
0010 ? 2| B|R | B|R]| 2
001 | 13| c|s|Cc|Ss]|s3
0100 $ |4 |D|T|D|T/| a4
0101 %| 5| E|U|E|U]|S
0110 8| 6 | F|V|F|V]es
lot i el TG | W[6 | W[
{1000 (| 8| H|X|H|Xx]|s®
00 I ) | 9 | Y I Y | 9
o010 ® J Z | J Z |10
[1o11 + .kl okl |n
100 LN LN
101 - = | M| 1| M 113
110 > N | * N A~ 1l a

/ ? \O - | O pe_1| 15

an error.

- The heart ({7} may be printed to indicate a character of the control character sub-set.

Table 2. 64-Symbol Subset ( Page Printer Application)

288
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‘ CHARAGTERS CODE SIGNALS CCITT NO.2

LOWER UPPER CASE UPPER CASE %
CASE  COMM WEATHER|START 2 3 4| 5 [STOP| - '

|
/N i /]
% g 2HNS
| VA )
/. V// 77 WRU
o, /)
/A A/ 7  UNASSIGNED
/] s UNASSIGNED
/ V' / A/ /) UNASSIGNED
/N L 77 ‘
g4 /] 7 7 / AUDIBLE SIGNAL
AN NS j//
L AL

N

] .
.Va-mamp—um.-.\)l
o

(N 94

sl-|o|elel- |7} N/} |w|NO|@]~

1" (APOSTROPHE)

<
\
N
N

Ni<|xig|<|c]d|nlo|o|volziz|rix|c|-lT|a|nim|olo|ois

w .
30’\“’"*1(-"';-‘&—0@"

r

m

Ht o | [molo] ~ ofm

BLANK
SPAGE L / V' / /
CAR. RET. '/ Y/ /
LINE FEED /) '/ /]
FIGURES /N A YN
LETTERS '/ /V/ /X /N

NOTE: UPPER CASE H (COMM) MAY BE STOP OR #

/7] MARKING PULSE
[] seacine PuLse

¥ THIS COLUMN SHOWS
. ONLY THOSE CHARACTERS
WHICH DIFFER FROM THE
U.S.A. VARIATION

Table 3 International Telegraph Alphabet No. 2, American Variation
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Sequence of Signal Elements for Serial Transmission: Dg - Dy ~ Dy =« Dy - I} - [, - C - P

Example: Letter “C'": 0

0 0

1 0 0 1

P is standard transmission parity bit addea to give odd parity for error control.

For punched tape, all parity bits are automatically reversed to give even parity.

TABLE 4. Inferi_m- standard coded character set for information interchange (Fieldata)

1

I =IZ=C -2 000 100 010 110 001 101 011 111
l% DlDZDB P P P ' P P P P P
Slalels ] 1 1 ) } ] ) 4

ololoflo 1 0 ol 1Mast.spJoll K 11 y il a
1]0j0l0 0 1 1 0 Up., Casqgl L 0 - {0 1 1
11gl0l 0 ] 1 0hlawr. Caxe 1 M 0 % 0 2 1
1Ll1lolo 1 0 0 1 lire Feed | O N_ |1 < 1 3 0
0io0]1110 0 1 1 0lCar.Ret.} 1 (@) 0 = 0 4 1
11]0{1]0 1 0 0 1 |Space 0 P 1 L2 11 5 0
0j111}10 1 0 0 1 A 0 Q 1 PR 1) 6 0
11111}]0 0 1 1 0 B 1 R 0 3 0 7 1
0]0jO}]1l 0 1 1 0 C 1 S 0 * 0 8 1
F1]0fo0]1 1 0 0 11 D 0 T 1 { 1 9 0
oo [1l0]T 1 0 0 1 E o U |1 R ' 0
SL1l1]0]1 0 1 1 0 F 1 Vv ol : 0 H 1
0jJoj1l]1 1 0 0 1 G 0 w 1 ? 1 / 0
171T0[1]1 0 1 1 0 H 1 X 10 § 0 . 1
011j111 0 1 1 0 I 1 Y 0 N 0lISpec, ©I] 1
1111111 1 0 0 1 J 0 Z 1§+ (Stop | 1] Idle 0
4—— CONTROL FUNCTIONS Pl ALPHANUMERICS —
(Under Study)

ReT-aLS-"TIH
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I 34Noid

I SSV12.-‘T 3dAL

LINIWIONVHYY QYVOSA3N QUVANVLS

EL

DL

cL

BL

AL

LEFT HAND — —T1——— RIGHT HAND

8s " #* $ % & ! ( ) g i g 3 TAB
12l 3/ 4/l sl sjl 7il 8L 9@ r ]
6 5 4 3 2 i ] z 3 4 5 6 7 8 9
o Ewl e ERl B ol [ ol Er EE T
RPTI (S o[ [W] [N E R4T! YIRY[| [ ollEPl el [P | Pl PEs
6 5 4 3 2 1 L]I -2 3 4 5 6 7 8 9
D E A 8 | v F + R o {"WI
Loc < s{leollFlEs|| nl| o x| [Ft]] . s, |1 llr
| . L_d
6 5 4 3 ) ] i 2 3 ) 5 6 7 ]
[ E S RE < > 1
il e A x| (T cllyv TB|0N M HIFT] I |LF
N X N X . . IL |
! -
7 6 5 4 3 2 ] | ] 2 3 4 5 6 7 F)
SPACE
5 T 5
NOTES
| PHYSICAL CHARACTERISTICS AND LOCATIONS (i e. SIZE, SHAPE, SKEW, ETC) OF SPACE BAR
OR KEYS ARE NOT TO BE INFERRED
2 ARRANGEMENT TYPE I, CLASS | AS PER MIL-STD-1280

ER

DR

CR

BR

AR

088T-Qis-TIK
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c62

INIWIONVHYY QYVOBAIN QYVANVLS 2 SSVID ‘I 3dAL 2 3yNol4

EL

DL

CcL

BL

AL

T LEFT HAND———T——RIGHT HAND

sUENEHEE B
BS| 1 (| P[P 3 P Al PN TAB
6 5 49 3 2 I 9
Ewl el B
1QBWQE2R4T! DEL
6 5 4 3 2 ! 9
P .
Loc oo|(CF||F 6 S| R
6 5 4 3 2 [ 8
BRIl
CTL o [0 z) (8 x| T ¢| ¥ v| |1 B LF
7 6 5 4q 3 2 8
I 5
NOTES

I PHYSICAL CHARACTERISTICS AND LOCATIONS (i.e. SIZE, SHAPE, SKEW, ETC) OF SPACE BAR
' OR KEYS ARE NOT TO BE INFERRED

2 ARRANGEMENT TYPE I, CLASS 2 AS PER MIL-STD-1280

ER

DR

CR

BR

AR

988 T-0LS~"TIK
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- €63

¢ 34n914

| SSVI2 ‘Il AdAL

INIWIONVHYY QHVOBA3IN QHVANVLS

LEFT HAND ————‘— — RIGHT HAND

] _

L : "ULoe|| v || e vl — i |
2| | 3| s S| 7| 0 | I
6 5 4 3 2 [RAE 2 3 ) 5 6 7 8 9
oL - @ v E R T ¥ EI I 0 o \'
5 3 3 2 i !_ll 2 3 P) 5 6 7
. | + }
cL LOC Y F G|!] H J L .
| i -
3 5 r 3 2 A 2 3 P 5 6 7
- ’ I
BL SHIFT b4 X C Vv B | N N . SHIFT] I : NL
—
3 5 3 3 2 i L' 2 3 4 5 e -3 )
____L________T
AL SPACE
5 - - 5
NOTES

PHYSICAL CHARACTERISTICS AND LOCATIONS (i.e. SIZE, SHAPE, SKEW, ETC) OF SPACE BAR
OR KEYS ARE NOT TO BE INFERRED

SOLID KEY OQUTLINES CORRESPOND TO USAS X4.7-1966
THE UPPER CHARACTER ON KEY ERS WILL BE THE “GROUP ERASE" WHICH WILL APPEAR
IN A REVISION OF USAS X3.17-1966

ER

DR

CR

BR

AR

oegt-a.Ls-'IIH
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DOCUMENT No

TITLE—

& & 3 S -3
—- . _III
= -
—_— I RIS r—="_ 1=
N PR N — == ! = _|II.L
| | . 7 . _—
Leed =7 = b--d T
- | = L] | =
_.l |._| | I | ‘_.I|||_ | _nlv. L——
F.IIL_I === I e L—=- =
_ | e L r—7 1
M e Lo-a -- ! o -
i |12 r A —_
[ I— r—= L——- [
-z _ e S r——7 L (@
| E | ——. I I —_
I - J S— R
[ = o L= ™
——= 1 o e "l |._7
o [TTe Lo_d ~ ks
|| ~ W
< &
(=] e ~ © z ®
| I~ v
r— ’ '
L i —
e S|, ., <
| 10 [e) )
I oy «+ " m
[ B X o
LY T e s
o H.H.J L A M : N
2 L =) N
T I N P-4
£ i =l I -
I -
] | N > 1 || ==
z Lo ) |._|||||_ o |_
== P D)
_ , h 1= — = -
Tll_l|...'H|H_WL|| D] — > o
R “ o Y.
o THHJ L™ s 1, . ©
z | v . |
T [ | o " ) <
= =0 ” . »
. | ) M
w = <
- | I——— N
S —— Nis N L
= = = C
THHJ o : "  |@
| 'y r—" L 2
L r——A I [0 - —
== I o L—-d I I~
| S S S _IIIJ I~ _III
e == I~ FIIL "
e I~ rllL r— I
i i~ L——J 1IIJ ! R
L == o L—-—- r—"
== P R e L
_ o L-—d T . jo L——d
Leed =7 i
== | ) _lllll_ _I|I| i 324
_ o L——d =7 e L--d
e N s PO I WllL i
J— | 12 - IIJ -
e L o TR b
i, = - =7
A A SO
= r1.|._IL o 4 _IILII_
w w (=} (83 <]
FIGURE 4

e

T

SPACE

="

|
[T
=
L
] |©
L—d

_IIIL
_ll...l_
FIIL
_qnlll_
L__J

_IIIJ
r.IIL

AL

NOTES

KEYBOARD ARRANGEMENT NOTATIONAL SYSTEM

29

PHYSICAL CHARACTERISTICS AND LOCATIONS (i.e. SIZE. SHAPE, SKEW, ETC) OF SPACE BAR

OR KEYS ARE NOT TO BE INFERRED
2 SOLID KEY OUTLINES CORRESPOND TO USAS X4.7-1966
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DL

CcL

BL

AL

THREE ROW COMMUNICATION KEYBOARD(INTERIM STANDARD)

oL

cL

BL

AL

MIL-STD-1288C

)
i 2131l fe]l[7][8]][s ) {' _}
: | RPT
Q w € T Y i 0 2
) La
5 ] 3 2 L 2 3 4 5
~ | e | ¢ [ a || jsToPl | ( CAR
Alls D 6 [l H J K L | [RET
5 4 3 P Lo 3 5
|
" / d l .
FIGS il LTRS| lr:‘lshé%
z || x cl|v 8| Ln][m]L
6 5 4 3 2 r o | 2 3 4 5
|

SPACE

NOTE: UPPER CASE H MAY BE STOP OR #

|
i 2 3 4 5 |I[e 7 8 9 ) {" ,
' | IRPT]
Q W 3 R T ] Y u | 0 Pl L
5 4 3 2 L 2 3 a 5
7
* gel [~ ] [—=] [\ ‘ 2=l 1= CAR
A s D F 6 ' H J K L | |RET
5 4 3 2 [ |__ ] 2 3 ) 5
7
[ + / O (D @ l nel |~
FIGS| | Ry freep
I X c v B ||LN M
6 5 4 3 2 T 2 3 4 5
]
SPACE

THREE ROW WEATHER KEYBOARD(INTERIM STANDARD)

FIGURE 5. THREE ROW KEYBOARDS
* 295
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CR

BR

AR
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CR

BR

AR
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standards arrangements are included as Figures 1, 2 and 3. For details on
the application of these arrangements, the designer is advised to consult
MIL-STD-1280, Keyboard Arrangements. Figure 4 is the standard notation
gsystem for keyboard arrangements,

4. THREE-RON KEYBOARDS. Refer to Figure 5 for three-row communica-
tion and weather keyboards,

5. INTERNATIONAL TELEGRAPH ALPHABET NO. 2, USA VARIATION, See Table
3, This is now classified as interim standard.

6, INTERIM STANDARD CODED CHARACTER SET F(R INFORMATION INTERCHANGE
(FIELDATA). See Table 4.

7. CODE CORRESPONDENCE., This is a reference paragraph only., It does
not in itself establish any code as a standard., It merely establishes the
relationship between same commonly used codes so that translations may be
made, Although the USASCII is standard the USA Standard Punched Card Code
and the EBCDIC is also used. The first eight columns of Table 5 presents
the 128 hole-patterns for the 128 characters of USASCII. The last eight
columns present, the extension of the code to 256 characters, This extension
has been approved by USASI and will be published as USASI Standard X3,26-1969.
- For the present, only the hole-patterns have been assigned to the bit-
patterns in the extension. Table 6 is a cross reference fram the Hollerith
hole-patterns to the USASCII graphic and control characters.

_ As of March 1968, the AUTODIN Digital Subscriber Terminal Bquipment has
the capability of operating with 64 hole-patterns., However, only 50 hole-
' patterns are currently active, Plans for activating the remaining 1 hole-
patterns and for aligning the equipment with the Standard Hollerith Punched
Card Code are not firm at this time. The correspondence between AUTODIN
punched card practice and the Standard Hollerith Punched Card Code for all
USASCIT graphic characters is presented in Table 7.

The interim standard punched card practice for the Worldwide Military
Command and Control System was published in Chapter II, Section 2 of JCS
Pub 7 of 3 February 1964, Its correspondence with the Standard Hollerith
Punched Card Code .and with AUTODIN is also given in Table 7., Note that
this interim standard uses characters which are not in USASCII.

The EBCDIC is presented in Table 8. Note that here too in 128 instances,

only the hole-patterns have been assigned to the bit-patterns, The other 128
are the assigned positions of the USASCII characters.,

296
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e

b8 0 0 0 0o o]0 |o 0 1 1 1 Fl 1 1 1 1

b7b6b5 {000 001 010 o oo {101 |uno |1 Jooo 001 010 ol 100 101 110 111

bbbb]COL 0 1 Z 31 5 [ 7 & 9 10 1 2 13 14 15 COL

4321[ROW ROW
NUL DLE Sp 0 e [P P _

0000| 0 |12-0-9-8-112-11-9-8-1{NO PCH|0  [s-a [10-7 [&-1  [12-11-7}11-0-9-8-112-11-0-9-8-1{12-0-9-1 | 12-11-9-8' |12-11-0-9-6[12-11-8-7 | 12-12-0-8 |12-11-9-8-4 | 0
SOH DCl ! 1 A fa q

001 1 [12:9-1  |11-9-1 12-8-7 |1 [i-1{1-8 [12-0-1 [12-13-8[0-9-1  [9-1 12-0-9-2 | 11-8-1  {12-11-0-9-7(11-0-8-1 | 12-11-0-9 [12-11-9-8-5 | 1
STX bC2 " 2 B[R P r

0010| 2 [12-9-2 {1192 |87 2 {12-2(11-9 |12-0-2 [12-11-9{0-9-2  [11-9-8-2 12-0-9-3 | 11-0-9-2  |12-11-0-9-8(11-0-8-2 | 12-11-0-8-2}12-11-9-8-6 | 2
£TX DC3 # 3 e fs e s

pont| 3 [12-9-3 [11-9-3 |83 3 [123l0-2  [12-0-3 |11-0-2 [0-9-3  [9-3 12-0-9-4 | 11-0-9-3  [12-0-8-1 |11-0-8-3 | 12-11-0-8-3|12-11-9-8-7 | 3.
£OT DC4 $ 4 o1 |d t

0100 4 97 9-8-4 11-8-3 |4 [12-4/0-3 [12-0-4 |11-0-3 [0-9-4  [9-4 12-0-9-5 | 11-0-9-4 |12-0-8-2  [11-0-8-4 | 12-11-0-8-4|11-0-9-8-2 4
ENQ NAK % 5 E (U e u

owl| 5 [0-9-85 |[9-85 0-8-4 |5  [12-5{0-4 [12-0-5 |11-0-4 |13-9-5 |9-5 12-0-9-6 | 11-0-9-5 [12-0-8-3  [11-0-8-5 | 12-11-0-8-511-0-9-83 | 5
ACK,  [SYN & 6 [F v v '

010 6 0-9-8-6 |[9-2 12 6  [12-6/0-5 |12-0-¢ |1-0-5 [12-9-6  [9-6 12-0-9-7 |11-0-9-6 [12-0-8-4 [11-0-86 |12-11-0-8-6{11-0-9-8-4 | 6
8EL £T8 ' T e lw g w

ont| 7 [o/9-87 [0-9-6 8-5 1 2-1700-6 |12-0-7 [11-0-6 [11-9-7  |12-9-8 12-0-9-8 |11-0-9-7 [12-0-8-5 (11-0-8-7 | 12-11-0-8-7|11-0-9-8-5 7
BS CAN ( 8 H |x |n X

1000 8 {11-9-6 [11-9-8  [12-8-5 |8  [12-8[0-7 [12-0-8 [11-0-7 {0-9-8  [9-8 12-8-1 | 11-0-9-8  [12-0-8-6  {12-11-0-8-1 12-0-9-8-2 |11-0-9-8-6 8
HT M ) 9 W [y y B

wo1| 9 [12-9-5 [11-9-8-1 [11-8-5 |9  [12:9|0-8 [12-0-9 (11-0-8 [0-9-8-1 [9-8-1 12-11-9-1 | 0-8-1 12-0-8-7  [12-11-0-1 | 12-0-9-8-3 {11-0-9-87 | 9
{F SUB . : o1z z .

1010{ 10 {0-9-5  [9-8-7 1-8-4 |82 [1-1{0-9 [12-11-1{11-0-9 [0-9-8-2 [9-8-2 12-11-9-2 [ 12-11-0  [12-11-8-1 {12-11-0-2 | 12-0-9-8-4 |12-11-0-9-8-2 | 10
VT ESC + ; K o |k { A

w011 11 [12-9-8-3 [0-9-7 12-8-6 |11-8-6[11-2| 12-8-2]12-11-2[12-0  |0-9-8-3 [9-8-3 12-11-9-3 | 12-1-0-9-1/12-11-8-2  [12-11-0-3 | 12-0-9-8-5 [12-11-0-9-8-3 [ 11
FF FS , < L v 0 R

100| 12 {12-9-8-4 |11-9-8-4 |0-8-3 |12-8-4[11-3|0-8-2 [12-11-3|12-11 [0-9-8-4 |12-9-4 12-11-9-4 | 12-11-0-9-2{12-11-8-3 [12-11-0-4 | 12-0-9-8-6 |12-11-0-9-8-4 | 12
CR GS - = M (3 m T :

101| 13 [12-9-8-5 {11-9-8-5 |11 8-6 |11-4| 11-8-2|12-11-4{11-0  |12-9-8-1 |[11-9-4 12-11-9-5 | 12-11-0-9-3 [12-11-8-4  [12-11-0-5 | 12-0-9-8-7 |12-11-0-9-8-5 | 13
S0 RS ) > v {a n -

1110] 14 [12-9-8-6 [11-9-8-6 |12-8-3 |0-8-6 |11-5| 11-8-7|12-11-5(11-0-1 {12-9-8-2 [9-8-6 12-11-9-6 | 12-11-0-9-4(12-11-8-5 12-11-0-6 | 12-11-9-8-2{12-11-0-9-8-6 | 14
51 us / 7 ot | DEL EC

ni| 15 [12-9-8-7 111-9-8-7  |0-1 0-8-7 |11-6|0-8-5 [12-11-6|12-9-7 |11-9-8-3 |11-0-9-1 12-11-9-7 | 12-11-0-9-5{ 12-11-8-6 [12-11-0-7 | 12-11-9-8-3|12-11-0-9-8-7 | 15

Table 5. Standard Hollerith Punched Card Code

088T~QIs~TIN
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862

12 12 12 12 12 12 12 12
11 11 11 11 11 11 11
0 0 0 0 , 0 0 0 0
& |- |0 | SPl { i } 1110 108 1| 19| ~ | 123 | 1210 131 | 138 | 81
1 A ) ] 1 | a j - 13/9 SOH| DC1| 81 | 9/ l‘ 100 | 109 | 915 | 111 | 9-1
2 [B|K/|S|2]|b k S 13/10 STX| DC2| 82 |SYN | 10/1 | 10710 | 11/2 | 1112 | 9-2
3 |[ClL|T |3 |c | t 1311 ||| ETX | DC3| &3 | 9/3 |10/2 | 1011 | 11/3 | 1V13 | 9-3
4 (DM U4 | d m u 1312 |)} 9/12| 9/13| 8/4 | 9/4 | 10/3 | 10/12 | 11/4 | 11/14 | 9-4
5 |E| NV |5 ]e n v 13/13 HT | 8/5 | LF 9/5 | 10/4 | 10/13 | 11/5 | 11/15 9-5
6 |F |O | W|o6 |f ] w 13/14 ||| 8/6 | BS | ETB | 9/6 | 10/5 | 10/14| 11/6 | 12/0 | 9-6
7 16 7 P X |7 |9 p X 13/15 DEL | 87 | ESC | EOT | 10/6 | 10/15 | 11/7 | 12/1 | 9-7
8 'H[Q|Y |8 [N q y 14/0 97 | CAN| &8 |9/8 |07 | 110 | 118 | 122 | 9-8
9 |1 R|1Z |9 |i r z 14/1 813| EM | 89 | 9/9 |NUL | DLE | 800 9/0 9-8-1
g2|C |3 |\ 12/4 | 12111 | 1312 | 1412 8/14| 9/2 | 8110 | 9/10 | 148 | 14/14 | 15/4 | 15/10 | 9-8-2
83 $ |, 12/5 | 12112 | 13/3 | 143 vi .| 8/15| 811 | 9/11 | 149 | 14/15 | 15/5 | 15/11 | 9-8-3
4|< | * | % 12/6 | 12/13 | 13/4 | 14/4 ||| FF FS | 812 | DC4 | 14/10 | 15/0 | 15/6 | 15/12 | 9-8-4
85| ( _ 1217 | 12114 | 13/5 | 14/5 CR | GS | ENQ | NAK | 1411 | 1511 | 15/7 | 15/13-| 9-8-5
86|+ > 12/8 | 12/15 | 13/6 | 14/6 SO | RS | ACK | 9/14 | 14/12 | 1512 | 15/8 | 15/14 | 9-8-6
8-7 12/9 | 13/0 | 13/7 | 1417 SI | US | BEL | SUB | 14/13 | 153 | 15/9 | 15/15 | 9-8-7

Table 6. Hollerith Hole-pattern Cross-reference To ASCII

098T-CIS~-TIN
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« StandardHollerith
« AUTODIN
«JCS Pub 7
na means not assigned

12 12 12 12 112
11 11 11 11

0 10 0 9 0
& |- | 0 | sSP|L | )
-1/ 0] sp na ~
+ | - 0 Blk| ? na !
ALI [l |a j - 81 ~
AlJ| &]1 |na{ na na na
Al / 1 na na na na
B |K|S]|2 b k S - 82| |1 N
B K| S| 2 [na | na .na nal| na _ a
B| K| S| 2 |na| na na na| na|% b,
I ERENEE t 83 s |, 't
ClL| T4} 3 [nal na na Ci, #
CcC/ L] T} 3 na na na . $ , =
D{M|{U|4 |d |[m u g4|< |+ % |e
D{Mm|[U| 4 |na| na na <lt % |2
D M| U| 4 |na na na Yoo '
E{N|V {5 Je |n v 5| () [_ |
E{N|[V][5 |{na | na na + 11 ?
E|N[ V{5 [na| na na c{i1 |~
F Loy wW/|é6 [f 0 w 861+ | ; > 1=
F|{O]| Wi 6 [na | na na ( ; $ |)
F | O] W;i6 |na|na | na < |5 I\ >
G |P| X |7 g p X DEL | &7 |! T B B
6l P x| 7 [na]| na na | na N
6| P|X|7 [na|na | na|na A Y
Hla|Y |8 |n |q y
H!Q{ Y| 8 [na | na na
HiQ| Y| & {na | na na
i R Z ]9 |[i r z
| R1 Z ]| 9 na na na
| R} Z 1|9 na | na na

. Table 7. Cor.tes_pondence of Standard Hollerith, AUTODIN _

and JCS Pub 7 Punched Card Codes.
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00 , ol 10 1 Bits x0,x1
00 {01 {10 |11 {00 |01 |10 [11 |00 [01 [10 |11 ;00 [0l |10 | 11 |Bitsx2,x3
0 |1 ]2 |3 |4 |5 ]6 |7 |8 |9 |A|B|C D |E |F |Hex Col
% g 12 12 | 12 R 1212 || é‘ g
g g 11 1|1 111 11 Sc
Bits | 8 | & 0 {o |o |o 0 10 0 e
wox |8 = ==
g1’ 219 |9 9 (9 {9 |9 |9 NS,
o] [*2 |*3 |*4 |5 |6 [°7 |8 °9 | *10°( *11| *12 ]
0000 0 | 81§ NUL|DLE SP|& |- 1Y N[0 181
*13 f °14
06001} 111 | SOH|DCL ! a |j | A ') 1 {1
0010) 2 | 2 | STX,DC2 SYN b |k |s B K |S |2 |2
oorr| 33 | emx|[pc3 c | TR ENE
0100 4 |4 d {m |u D [M (U |4 |4
0101| 5|5 | Hr LF - e 'n |v E [N [V {5 |5
0110 6 | 6 BS | ETB f o |w F |0 |W /|6 |6
o111} 7|7 | DEL ESC | EOT g |p |x G [P |X |7 |7
1000 8 |8 CAN h 1q |y HlQ |y |8 |8
1001] 9 |81 EM i |2 b IR [Z |9 {9
\ . 15
1010 | A |82 t |3 {1 |: 8-2
1011 B | 83| vT I T 8-3
1100 | C | 84} FF |FS DC4|< | ¢ @ 8-4
1101 | D | 8-5) CR |GS | ENQ NAK|( |) {__ | 8-5
1110 | £ | 8-6{ SO |RS | ACK + s > - 8-6
11| F [ 87} SI |US | BEL SuB|! |~ |2 |[" 8-7
12 12 12 | 12 1212 |12 12 @
L
11 11 1 (nln 1 (n|n h{g’
0 0 0 0 1]0 0 Y
9 (9 |9 |9 | 9 9 S
Card Hole Patterns °4,12-11-0-9-8-1  °8,12-11-0 ©12,0
°],12-0-9-8-1 *5,No Punches °9,12-0 *13,0-1
%2,12-11-9-8-1 °6, 12 *10, 11-0 *14,11-0-9-1
*3,11-0-9-8-1 7,11 *11,0-8-2 *15,12-11

Table 8. EBCDIC Card Code

300


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

APPENDIX D

STANDARD SWITCHING INSTRUCTIONS AND BIT STRUCTURES FOR START/STOP
AND SYNCHRONOUS AUTOMATIC TELEPRINTER SWITCHING EQUIPMENT
UTILIZING ITA No. 2

This appendix sets forth guidance with regard to switching instruc-
tions and bit patterns as they apply (1963) for teletypewriter switching
equipment.  In case of conflict between any specific instructions in this
appendix and any applicable portion of ACP-127 ( ), the requirements of
ACP-127 ( ) shall govern.

NOTE: JANAP 128 ( ) AUTOMATIC DIGITAL NETWORK (AUTODIN) OPERATING
PROCEDURES has been published by the Joint Chiefs of Staff and
prescribes the standard data communication policies, practices,
procedures, and routing doctrine for operation of the Defense
Communication System AUTODIN. The latest issue in effect of
JANAP 128 ( ) should be referred to for all AUTODIN Operating
Procedures. ' ”

1. GENERAL
The switching instructions listed in the standard message format
permit a subsystem to forward messages without difficulty and in accord-

ance with present world-wide equipment and agreed practices.

1.1 Start of message instruction, channel designator and serial

‘number: format line # 1.

1.2 Precedence instruction: end of format line # 1, beginning of
format line # 2.

1.3 Routing Instruction: format line # 2.

1.4 End of routing instruction: end of format line # 2, beginning
of format line # 3.

1.5 Format lines 3 and 4 are not generally utilized by automatic
switching equipment at this time except as noted in processing ACP 127
messages into AUTODIN.

1.6 Format lines 5 thru 10 are standardized proceedurally but are
not utilized at this time for automatic switching.

1.7 Format line 10 is used to count code groups in the text.

1.8 End of address instruction, start of text instruction: format
line 11.

300



http://www.abbottaerospace.com/technical-library

MIL-STD-188C

1.9 End of message instruction: end of format line 15.

2. Between the channel designator/serial number instructions and
the precedence instruction, extraneous bits or instructions may appear
provided the total number of bits inserted does not exceed 400 unit bits,
and the extraneous bits are not standard switching instructions out of
sequence in the standard message format.

3. No extraneous bits or instructions may appear between the prece-
dence instructions and the routing instructions or between the routing
instruction and the end of the routing instruction.

4., Additiomal instructions may be inserted between the end of rout-
ing instruction and the end of format line 3 up to a maximum of 400 bits,
provided the extraneous bits are not standard switching instructions out
of sequence in the standard message format.

5. No extraneous bits or switching instructions shall be recognized
in the address or delivery section of the message format. This area of the
message format is yet to be standardized for equipment switching purposes.

6. For automatic equipment to effect delivery it is necessary that
the routing line contain a routing instruction for each address or two or
more addresses if served through the same station. It is required that
the routing instruction line will be '"segregated'" as the message passes
through the system..

7. It is presumed that equipment will be developed to effect distri-
bution or delivery once a message has been passed over the world-wide trunk
network. It is further presumed that message delivery equipment would
accomplish its function by reading the precedence instruction and, having
checked the routing instruction to determine that the message was in fact
intended for that station, by processing the address portion of the mes-
sage (format line 7-8) automatically.

8. Standard Switching Instruction Bit Structures. . No departures
from these bit structures are permissible. All sequences are shown pre-
ceded by a one or marking bit which represents the marking or resting
state of the line.

‘8.1 Format Line #1: (1) START OF MESSAGE (SOM)

VZCZC (See Symbol Schedule, paragraph 8.7)

(2) CHANNEL DESIGNATION AND SERTAL NUMBER, (CDSN)

kx4 F
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Bit Sequence: ‘
1 0011111 0100011 0011101 0100011 0011101 * * * 0110111 # # # 0111111

* Sixth, seventh, and eighth characters (Bits 37 thru 57 inclusive) are
the letters which denote the channel designation.

# Tenth, eleventh, and twelfth characters (Bits 65 thru 85 inclusive)
are the serial number of the message.

8.2 End of Format Line #1 (EOL #1) Beginnlng of Format Line #2
and PRECEDENCE:

<< =T % % >
Bit Séquence:
1 0000101 0000101 0010001 ** 0001001

* Fourth and fifth characters are the precedence of the message and can
be either RR, PP, 00, or ZZ, e.g., message with FLASH precedence (ZZ).

1 0000101 0000101 0010001 0100011 0100011 0001001

Other possible Precedences:

PRECEDENCE SYMBOL BIT SEQUENCE
RR 0010101 0010101
PP 0011011 0011011
00 0000111 0000111
zZ 0100011 0100011

8.3 Format Line # 2: ROUTING INDICATORS

Note: This format line may consist of a number of printed
lines all of which constitute format line #2.

At the end of each routing indicator (which may include up to
49 bits) there are seven additional bits denoting a space. At the end
of each printed line of nine routing indicators there are twenty-one
additional bits (two carriage return and one line feed).

8.4 End of Format Line #2 (EOL #2 and PROSIGN PRECEDING ORIGINATOR'S
STATION DESIGNATOR OR END OF FORMAT LINE #1 PILOT

<< Z DE >, or << = Z % ¥ >
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Bit Sequence:
1 0000101 0000101 0010001 0100101 0100001 0001001 or
1 0000101 0000101 0010001 0100011 * * 0001001

* Fifth and sixth characters may be any two applicable characters (7 bits
each) of the Z-signal series.

8.5 Format line #11: START OF TEXT (SOT)

<< = B T <<

Bit Sequence:
1 0000101 0000101 0010001 0100117 0000011 0000101 0000101 0010001

8.6 TFormat Line #13: END OF TEXT (EOT)

<< E BT<< =
Bit Sequence:
See Paragraph 8.5

8.7 END OF MESSAGE (EOM)

< <ZTZTEZEZZTZZZNNNN ISV *
(Future Switching Equipment shall respond to = = N N N N)
Bit Sequence:
1 0000101 0000101 0010001 0010001 0010001 0010001 0010001 0010001
0010001 0010001 0001101 0001101 0001101 0001101 0111111 0111111, etc.*
* Minimum of twelve letter shifts.
SYMBOL SCHEDULE

+ Letter Shift

Line Feed
< Carriage Return > Spare

4+ Figure Shift
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APPENDIX E

OPTICAL CHARACTER RECOGNITION EQUIPMENT
{0CREY
FOR PROCESSING MESSAGES

FOREWORD

1. Optical character recognition {0CR} is a comparatively new
art. 1In applying a new art there is a tendency for users to
choose their operating parameters in a divergent manner because
of a lack of standards. The resulting incompatibilities of the
past indicate a requirement for development of standards early
in the progress of an art. On the other hand. the application
of too rigid a standard tends to limit experimentation in a
search for optimum operating conditions. Because the Military
Departments and Agencies are still learning how to apply 0CR to
message handling. this standard has been made permissive in
certain instances. As experience is gained it will be possible-
in some instances. to be more specifice.

2. A standard message format has been developed {see Figure 1}-
There are four annexes to the format which constitute instruc-
tions to the printer. administrators COMMCENTER/Message (entera
and drafter's typist.

3. A "character set"™ as used herein is a basic group of
defined numeric. alphabetic, punctuation and special symbol
characters of one style. A character set is monocase if it
contains only upper case alphabetic characters and dual case if
it includes both upper and lower case alphabetic characters.

4. From a narrow operational standpoint no standard for OCRE
is required as long as each message reader is compatible with
the DoD switching system into which it feeds the message read.
However.: such a narrow viewpoint is unacceptable. There is
more to satisfactory use of OCRE than compatibility with the
message switching system. These standards involve the follow-
ing concepts-.

a. Logistical interchangeability. A reader should be
capable of operating satisfactorily in any location within the
DoD~ not just one-

b. Minimum training of personnel. This requires a stan-
dard message form for all locations and the preparation of
these forms in a standard manner. Thus personnel need not be
retrained when reassigned.

Cc. Mutual assistance capability. Two or more headquarters
using OCRE in a given building or area should be able to process
the other's traffic in case of equipment failure. This requires
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a standard message format. standard processing.: -and an agree-
ment on at least one character set that all 0(R readers will be '
capable of reading-.
d« Minimum cost- This requires standard message forms and
OCRE with a limited character set capability. An increase in
the cost of a reader utilizing more than one character set over
that of a single character set reader may be sufficient to pay
for many new typewriters. Furthermore there are so many character
set styles 'that an OCRE with a capability of 10 character sets
can read the character set of only a small percent of type-
writers chosen at random-

5. Standards are of no value if not observed and to a certain
extent unenforceable if not accepted by users. Thus a standard
must not appear to be arbitrary or illogical. OCR is a new art
requiring explanation of certain concepts. For that reason
there are explanatory remarks in the following standard- making
it more tutorial. than is generally the case for a standard.

k- DoD Policy on Character Sets. Current policy at the time
MIL~-STD-188C is published is that "DoD should not adopt any
standard font at this time.™ Guidance provided is that "eval-
uation and selection of potential fonts for communications OCR
equipments will be based on cost effectiveness and growth
potential analysis of each specific application.”

7. Character Sets. Within the scope of this standard {MIL-STD- ‘
188CY} the 0CR-A is established as the minimum capability re-
quirement for all OCRE- The O0CR-A character set for monocase

OCRE is shown in Table II of this Appendix.

30k


http://www.abbottaerospace.com/technical-library

MIL-STD-188C

APPENDIX E
OPTICAL CHARACTER RECOGNITION EQUIPMENT

£OCREDY

1. ihtroductlon-' This Appendlx concernlng Optical Character .

" Recognition Equ1pment {0CREY is applicable to communications

.only. This 0CRE is to be used to generate binary electrical

1\'51gnals in the approprlate code and alphabet by a process of

reading {scanning} messages prepared in a standard manner on a
standard message format using typewriters suitable for prepara-
tion of messages accurately readable by 0CRE- The message for-
mat is discussed in paragraphs L.-2 of this appendix. Suitable
typewrlters are dlscussed in paragraph 5 of this appendix. The
"OCRE may be used on-line. feeding the generated 51gnals directly
"to the line or to any of a number of lines as required by the
~traffic situation3y or the OCRE may be used off line by recording
on paper tapea. magnetic tapes a drumas etc. When used off-line
the recorded message is subsequently read to the appropriate line.
Which method of operation is used.is a matter. of command pre-
rogatives but the d951gn should be such that both on- ~line and
off line operation is possible.

2. OCRE Signals-

2.1 Code and Alphabet. The binary signals generated by

. the OCRE shall be coded in the International Telegraph Alphabet

No- 2 {ITA No-. 2} {USA Version} or the International Telegraph
Alphabet No. 5 {ITA No. 5} {USA Version} as appllcable- These
codéd character sets {alphabets} are discussed in Appendix (-
The latter code was formerly known as ASCII {American Standard
Code for Information Interchange} and was later renamed USASCII-.
ITA No- 5 is the name applied by the CCITT-

<2 Low Level Signaling- The signals generated by the OCRE
shall be in-accordance with paragraph 7.2.1 Standard interface
{low level} of the basic standard.

2«3 Modulation Rate-  Whether used on-line or off-line the
modulation rate of the OCRE signal shall be as specified in
paragraph 7.2.-b fModulation rate} of the basic standard-

2«4 Character Reading Rate: The character reading
{scanning} rate bears a definite relationship to the rate at
which signals are dispersed to the line unless a buffer storage
is provided between the two. The maximum scanning -rate shall
be consistent with the headquarters traffic loads economicsa
accuracy in reading. and sound engineering practices-

307


http://www.abbottaerospace.com/technical-library

MIL-STD-3188C

2.5 Bit Transmission. Bits {per character} transmission
between the O0CRE and the off-line recorder may be in serial or
parallel form. UWhen the OCRE is operating on-line the bit
stream must ultimately be serialized before transmissions

2.b Parity. UWhen the ASCII is used pursuant to mragraph 2-1
of this appendix. the parity bit shall be generated by the O0CRE
in accordance with paragraph kel.1.3 {Parity Bit} of the basic
standard.

3. Major Associated Devices:

3.1 Recorders-. The paper or magnetic tape. etc. recording
devices shall conform to the basic standard-

3.2 C(ryptographic Equipment. The OCRE need not be required
to operate with off-line cryptographic devices. Ordinarily any
off-line encryption required shall be effected after the clear
text message is "read™ and recorded on the recording media-

" However. the OCRE may be associated directly with off-line
cryptographic equipment.for encryption of the body of the
message if desired-.

3.3 Switching Equipment. The OCRE will not be required to
switch messages on the basis of what is in the routing line.
Switching will be accomplished in the switching center into
which the OCRE {if on-line} or the recording medium {if the OCRE
is off-1ine} operates: However: the OCRE may be assigned the
function of forwarding messages to the Local Digital Message
Exchange for local distributione

3.4 Routing Line Segregation Egquipment. Routing line
segregation shall not be performed by the O0CRE. This shall be
performed by the switching equipment of other device designed
specifically for this function-

3.5 Heading Generator. An apporpriate heading must be
generated for the message that. is in accord with the design of
the local switching centera generally. JANAP 128- This may be
"~ accomplished by one of the following techniques-

305,; Manual Preparation- This method of generation of
the heading is not recpmmepded except for emergency operation
and small amounts of traffic to seldomly addressed headquarters-.

_ 3.5-2 Semiautomatic Generation- By this me i
1s generated from information recorded gn a puggﬁzgdcggg 2§idlng
eqy}valgnt}n One card is prepared for each headquarters
ordinarily addressed. When a message is addressed to a head-
quarters for which no address card has been prepared such a card
must be prepared manually. This method is permissibie ut
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automatic. generation of the heading should be a-design ob-
jective.

3.5-3 Automatic Generation. This method. which is pre-
ferred over manual or semiautomatic generation. is considered
standard. A computer associated with the OCRE generates auto-
matically the appropriate headinga u51ng the information read
from the message headlng by the OCRE in conjunction with other
information stored in the memory of the computer. Fully auto-
matic operation would require sufficient table look=-up in the
memory to hold a record of all headquarters with the associated
routing indicator for each. It shall not be considered non-
standard to omit seldomly addressed headquarters from the table
look-up and to handle manually certain components of such
message headings.

3.b Distribution Equipment.

3-5.1% Manual Distribution. 1In order to obtain satisfactory
copy for local distribution. reproduction facilities may be
employed or one or more page copy machines may be assoc1ated
with the OCRE.

J.b-2 Automatic Distribution. If Local Digital Message
Exchange {LDMX} is employed. the OCRE may be designed to feed
the message directly to the LDMX for automatic distribution-
{See paragraph L.2-:5.8 of this appendix.}

4. OCRE Capabilities.

4.1 Monocase ASCII OCRE {Preferred standard for message
preparation}. The minimum reading capability of monocase OCRE
operating in an ASCII communication link shall be the characters
given in Table I of this appendix- Any additional character
reading capability shall be limited to those characters given
in Table I of Appendix (-

4.2 Dualcase ASCII OCRE. Dualcase readers shall have the
same' capability as monocase readers but with the additional
capability of reading lower case alphabetic characters printed
in the same font design as the upper case alphabetic characters.
Dualcase OCRE is not recommended for ordinary communications '
use because dualcase receiving teleprlnters will not generally
be available. The use of dualcase OCRE is approprlate only in
properly equipped closed networkss when dualcase receiving
teleprinters are generally available and when u51ng ASCII1 or
the ITA No. 5 Alphabet.

4.3 Monocase ITA No- 2 OCRE {USA Variation}. It shall
be standard to design 0CRE operating in the ITA No- 2 Alphabet
to have a read capab111ty the same as that for monocase ASCII
OCRE so that conversion to ASCII operation may be readlly
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accomplished'when required. Five characters of Table I are
not included in the ITA No. 2 namely: percent. asterisk-
plussequals and vertical line. 1In order to maintain character
count integrity of the message- these may be transmitted as
exclamation point. The software of the OCRE must provide some
special handling of these five characters:

4.4 Dualcase ITA No. 2 OCRE {USA Variation}. The use of
dualcase OCRE operating in the ITA No- 2 Alphabet is entirely
inappropriate because ITA No. 2 is stirctly monocase with
respect to the alphabetic characters. Only as part of a phased
program for changeover to dualcase processing in ASCII can such
a use find justifications :

4.5 Character Set Capabilitiese.

4.5.1 Single Character Set 0CRE {Monocase}. The use of
monocase character set OCRE {upper case only} has the disadvan-
tage of necessitating more complete standardization of message
preparation typewriters throughout the headquarters than does
OCRE utilizing dualcase and multiple character sets-. Howevers
monocase OCRE has an advantage in cost and reliability of
reading over dualcase OCRE and it has a very considerable ad-
vantage in cost and reliability of reading over multiple char-
acter set OCRE. For DoD policy and guidance on fonts refer to
the foreword of this appendix.

4.5.2 Multiple Character Set OCRE. OCRE having multiple
character set capability allows more flexibility in the use of
typewriters but it costs considerably more and is much less
reliable in reading than the single character set O0CRE. Mul-
tiple character set OCRE shall have the capability of the
character set described in Table I and paragraph Y.k

YU.b Minimum Character Set Capability. OCRE shall have the
minimum capability of reading a character set defined by Table.
I when the:

Horizontal character spacing is 10 per inch
Vertical character spacing is 3 per inch
Maximum character height- H. is 0-094 inches
Maximum character widths W- is 0.055 inches
Nominal stroke width. T+ is 0014 inches

The character height and width are defined as centerline
height and width. Therefores the actual max1mum helght is H+T
and the actual maximum width is W+T.

4.7 Multiple Character Set Capability. One of the
character -sets shall be as described in paragraph 4Y4.b. All
other character sets are specified only to the extent of hav1ng
the character spacing of paragraph 4.7..
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4.8 Automatlc Message Headlng OCRE equipped for auto-
matic message heading generatlon shall read the heading ele-
ments which are typed in' the ‘appropriate places on DD Form 173.
Using this information. the OCRE shall automatically generate
an appropriate message headlng as descrlbed in paragraph 3.5. 3
of this appendix-

4.9 Automatic Message Ending. OCRE equipped for automatic
message heading generation 'shall also automatically generate
a compatible and appropriate end of message format-

5. Typewriters-

8.1 General Performance Characteristics- Adequate typing
guality is mandatory in order to minimize OCRE reading errors.
This requires appropriate typewriterss ribbons.. maintenance. and
a consistently strong touch- All of this 'can be obtained most
adequately by using electric typewriters and one-time ribbons.
Making such practice mandatory w111 pay d1v1dends in added
message . reliability.

§.2 . Print Quality- Print gquality is a combination of the
following: Minimum print contrast signal {PCS} within character
outlines the maximum PCS outside the character outline. voidsa
extraneous ink areas. stroke width variation- and conformance
of character shapes to nominal character shapes specification.
These factors are .largely determined by the printing systems
employed= The ‘per formance of 0CR systems depends to a large
extend on the print quallty - Hencex every effort should be made
to prov1de "good"™ prlnt qualltya i.e-

a= The prlnted character should present as high a con-
trast as possible to the background documente.

‘ be Stroke width should be held as close as p0551b1e to
the nominal- .

c- Insofar as possibles there should be no voids within
the stroke outline. JWhen these cannot be prevented-. the
number of void areas within a stroke should be minimized- The
size of individual voids should not exceed half of the nominal
stroke width~ and the distance between 1nd1v1dua1 v01ds should
be as great as possible. - '

d- Insofar as possible there should- be no extraneous ink
within the clear area- ‘When this cannot be prevented. the ~
number of extraneous ink spots should be minimized+ the size of
the spots should not exceed half the nominal strike widtha and
the distance between unit spots should be as great as possible-.
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5.3 Dualcase Typewriters. Dualcase typewriters shall
ordinarily be used for message preparation so that they also
may be used for other work: The lower case characters may be
any suitable style unless the headquarters is equipped with an
OCRE with both an upper and a lower case reading capability-

In such a case the lower case characters shall be the appropri-
ate characters as provided in paragraph 4.2 of this appendixe

-4 Monocase Typewriters. Monocase typewriters shall
ordinarily not be used for message preparation even though
messages normally will continue to be prepared in upper case
letters ohly-

5.5 Keyboard Arrangement« The standard keyboard arrange-
ment for OCR typewriters is shown for information purposes in
Figure 3 of Appendix (- The detail requirements are given in
MIL-STD-1280+ Military Standard Keyboard Arrangementse.

L. -Standard Message Form Use-
L.l Paper Specifications- See Inclosure 1} to Figure -
‘bnE Printed Format-

h:2+1 First Sheet {DPD Form 17?3} The joint message form
is shown in Figure 1. This sheet includes the heading infor-
mation required for a computer to generate the appropriate
standard format for the message heading in accordance with
© JANAP-128 {AUTODINY. ACP-127 {NATO Traffic Only} or other
appropriate format as determined by the requirements.

" b.2.2 C(ohtinuation Sheet- The same form is used as a con-
tinuation sheet for those messages that require more than one
page-

b.2-3 Printed Details. See Inclosure 1 to Figure 1-

L.2.4 Use of Format.- See Inclosures 2+ 3 and 4 to Fig-
ure L. :

L-2-5 Message Component Symbolization-

L.-2-5-1 Orientation {Benchmark} Symbol. It shall be
standard not to use a special printed symbol for the OCRE to
orient ‘itself with respect to the printed page. The equipment
shall orient itself with respect to edges of the paper by the
difference between the paper reflectance and that of machine
background- or may be orlented on the first typed character-
In the event a reader is used that does not have such a cap-
ability. the typist may be instructed to type in a special
symbol at| an appropriate place on the page. In any event the

312



http://www.abbottaerospace.com/technical-library

MIL-STD-1&8C

OCRE shall be programmed to start its scan at the first line
of typing after becoming oriented-

L-2<5.2 Start of Heading {S0H}. No start of Heading {SOH}
symbol is used in the interest of economy. Such a symbol would
have to be printed in black.: A two color form would be more
costly than a single color {blue} printed form: To have the
typist type in a SOH would complicate her job unnecessarily-
The OCRE shall be programmed to recognize the Start of Heading
by the message pagination. that is page "1" of "X" pages-

b.2-5.3 Action Addressee Symbol. Not used. handled by
software- The first Action Addressee may be recognized by the
OCRE as being indented 20 spaces- Subsequent Action Addressees»
if anys are also indented 20 spaces- Double spacing is used
vertically.

b-2-5.4 Information Addressee Symbol. The sequence
"INFO:™ shall be used to indicate the first Information Addres-
see. The colon is used to prevent a random segquence "INFO" in
the message from giving a false result. "INFQ:" is typed by
the drafter's typist two lines below the last Action Addressee-
starting immediately to the right of theleft blue margin line
using no indentation- The Info Addressees are indented 20
spaces as are the Action Addressees and are also double spaced
vertically. The OCRE may thus recognize the end of Action
Addressees and the beginning of Information Addressees by the
typed "INF0:" starting at the margin. If there are no Infor-
mation Addressees the OCRE will recognize this fact by finding
"XMT:™ at the left margin line. no indentation. using double
spacing from the last Action or Information Addressee as the
case may be. The exempted headquarters or routing indicator{s}
shall be typed in starting directly under the start of the
addressees+ namely 20 spaces from the left margin line. If
there be more than one line of exempted routing indicators the
second line shall also be indented 20 spaces. Thus. the OCRE
can recognize the Start of Text by the next nonindented typing-

b«2-5.5 Start of Text {STX} Symbol-. Not useds handled by
software-

b.2-5-b End of Text {Message} {ETX} Symbol- Not used.
handled by software. The OCRE can recognize the ETX by the end
of - the printing in the last page of the message- The last page
is identified by the pagination in the page block in the first
line of typed material. On the last page the page number is
the same as the number of pagess such as page 2 of 2-

L.2.5.7 Indentation Symbol. It shall be standérd to pro-
gram the computer to effect indentation and tabulation at the
receiver by counting and transmitting the appropriate number of
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spaces: This method allows for tabulation without any pre-
arrangement between the originator or drafter and the addressee-
When the ASCII is used. however. tabular material can be sent by
prearrangement ‘between ‘the transmitter-and receiver. This re-
qu1res sending tabular codes rather than spaces and also employ—
ing appropriate’ page prlnters at the recelvera

L-2-5:-8 Automatlc Local Dlstrlbutlona If the OCRE is used
in conjunction with a Local Message Distribution Unit {LDMX}
the local distribution may be typed in the appropriate place on
the Joint Message form. ‘A vertical line is used to indicate-
‘that this data is for local dlstrlbutlon and not part of. the
messagee -

b-2-b Use of Erase Symbols-

‘b:2-b-1 Group Erase Symbol. It shall be standard to use a
long dash {Group Erase Symbol} through the first three characters
in a line to indicate that the line is in error and must be
omitted by the OCRE- This symbol is shown in Table II-

be2:b-2 C(haracter Erase Symbol: It shall be standard to
use the Character Erase Symbol ™" printed over a character to
indicate that the character is .in error and should be omitted
{ignored} by the O0CRE- This symbol is shown in Table II-

be2-bs3 Alternative to Use of Group Erase and Character
Erase Symbols: An alternative to the use of group erase and,
character erase symbols is the perfect typist or the erasure-
Perfect typists are scarce and the use of the erasure. unless
done very carefully. will cause OCRE reading errors- Messages
destined to ba mailed may contain erasures in order to obtain
‘satisfactory copy- The preparation of messages destined for
the OCRE+ should make use of the group erase and character
erase symbols-

314



http://www.abbottaerospace.com/technical-library

MIL-STD-188C
TABLE I

APPENDIX E-

Repertoire of Characters to be used in Messagé Preparation for OCRE Handling (Based-on” ASCI| Table, Appendix C)

COLUMN — 0 |2 3 4 5 6 7

b7b6b5 Ooo, OQ,.- O'oo',l«lo-o |O||'o|'-| ;5,
b4 b3 b2 bi ——NON-PRINTING ———<—96-SYMBOL PRINTING SUBSET—— |
0000 . |sP| @ P 0
000 | | I LA | Q |
0010 _ "l 2!B|R 2
001 | | | 3|c|s 3
0100 $ |4 |D|T 4
0101 w5 | E|U 5
lo110 8| 6| F |V 6
C ) Ol I ) o lTl 6w 7
1000 (| 8| H|X 8
| 00 | | ) |9 1 |Y 9
IO 10 * J Z 10
O 11 ' + . K I
1100 " . L || e
110 | B B 13
1110 | N 14
Lt I /| ?10 I5

NOTE: ITA # (USA version) does not include Percent, Asterisk, Plus, Equal or Vertical Line.
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APPENDIX E = .-
- TABLE II.
OCR-A CHARACTER SET FOR MONOCASE -OCRE

"QCR-A Character Set Representing ASCII Characters

Alphabet . Numerals Punctuation

A N 1 Symbols Name

B 0 2 . Period

C P 3 " Comma

D a Yy : Colon

£ R S 3 Semi-Colon

F S . b = Equals

G T ? + Plus

H u ] / Slant

I Vv 9 & Dollar Sign

J 1] 0 * Asterisk

K X v duotation Mark

L Y & Ampersand :

M Z ’ Apostrophe

' - Hyphen
- { Left Parenthesis

} Right Parenthesis
V4 Percent
T Ruestion Mark.

Vertical Line

"Special USASI Symbols

Sxmbols Name ‘ _ Use
I Hook | None )
Y Fork . None
ol Chair None i
- Group Erase - Erase complete line
0

Character Erase Erase character
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N OATUM LINE
©0.125 + 0.05 e
3 + ) # SEE NOTE 3, |, SECURITY CLASSIFICATION
[ 0.5 0,11 JOINT MESSAGEFORM 3.55—
: 0.575 0.45
o7 i or ¥
PAGE | | ORAFTER OR PRECEDENCE | LMF ciass || _cic FOR MESSAGE CENTER/COMMUNICATIONS CENTER ONLY 1
0.65—» RELEASER TIME | I 207 Tineg DATE — TIME | JMONTH [YEAR |, 0g 098
= OF 14594 1739 2,05+ 2.45-% LX 3,55+ 5,25 6.25+ 6.65+ '—'—gf L
BOOK MESSAOE HANDLING INSTRUCTIONS
0.35 132
. ¥
1.566 # SEE NOTE 2 , \ L v
4+ FROM: . : LT
19
S - TO:
185 . .
i - 2 .
w
z
3 .
2 .
=
5
a1 o
)
N . .
E NOTES—
' .2 I~ ALL LETTER HEIGHTH TO BE 0.080 INCHES UNLESS
E . OTHERWISE SPECIFIED
R g
* 6.566 2— LETTER HEIGHTH TOBE 0.094 INCHES
3—LETTER HEIGHTH TO BE 0.123 INCHES
. 69 4— FORNS FOR USE TO BE PRINTED iN “DROPOUT BLUE"
2 - ONLY,ON 81i0 INCH PAPER
1
7.233
1
7.566
ol 7.616
DISTR + -
7.9
I
8.233 a.283 s .
] N L -
DRAFTER TYPED NAME, TITLE, OFFICE SYMBOL AND PHONE SPECIAL INSTRUCTIONS
ares
TYPED NAME, TITLE, OFFICE SYMBOL AND PHONE
: . k 3.55
.55 -
N P . 9283 e ) L
€ |eRREToRE =
SIGNATURE
A 253
s . ¢
£ SECURITY CLASSIFICATION
- p—-0.2 -
I‘OI.O
FORM »* §EE NOTE 2
DD, e 173 6.9 12—

FIGURE | JOINT

ME.S.SAAGEFORM FOR OCR PROCESSING
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ENCLOSURE 1 TO FIGURE 1

PRINTING INSTRUCTIONS FOR JOINT,NESSAGE FORM EOCRE APPLICATION}
1- Essential instructions are as follows:
a- Sheet size: 8 x 10 1/2 inches-

'b- Line color: Drop out blue. not visible to optical
readers {all lines and printing}-

c- Margin lines:

{1} Left and right margins: 1/2 inch from paper edges
plus or minus 1/10 inch- always maintaining sixty-nine typing
characters at 10 per inch between margin lines-

{2} Top margin 1/8 inch. bottom margin 3/8 inch. from
paper edge-

d- Typewriter line-up lines3s Distance between the two
short lines in the upper right and left margins: 1/8 inch-
These lines delineate the first line of typing and are used
to line up the paper in the typewriter. Therefore both pairs
of lines should be equidistant from the top of the page and
centered about 7/8 inch from the top margin line-

e .- Block spacing on first line: The width of each block
in the first line of typing is given below: The numbers are
based upon ten typewriter characters per inch-. An additional
space separates each two adjacent blocks. The separating line
between adjacent blocks appears in the center of the space
between blocks.

BLOCK : TYPEWRITER CHARACTER
SPACES (10 PER INCH)

PAGE

DRAFTER OR RELEASER TIME
ACT

INFO

LMF

CLASS

CIC

UNNAMED

DATE-TIME

MONTH

YR

TOTAL NUMBER LINE SPACES

[ —d
onnwJaorssnnwiunu-adm

=

TOTAL SPACES

o
<0

3148 .
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f- Block spac1ng on second llne.

U BLOCK . l;;‘ _] TYPEMRITER CHARACTER SPACES

BOOK .3
TOTAL NUMBER LINE SPACES e
MESSAGE HANDLING INSTRUCTIONS b5

”‘TOTAL SPACES - : - , . b1

g- The bottom line dellneatlng the nessage Hand11ng In—
structions Block shall be 3/8 inch below the llne abqve-

h: ™FROM™ and "TO" lines: The "FROM"™ and "TO0™ must be four
and six typewrlter lines {at 51x 1lines per inch} respectively.
below the first typewrltten line as de11neated by the afore-
mentioned short lines in the margins. - The T-in T0 should be
dlrectly below the ¢ in FROM. The colon following the T0 and
FROM in each case must be 19 typeuwritten characters from the
left margina 1-9 inches-

i- The vertical” dlstance between the centers of the .numbers
in the lower left margin must be 1/b inch." The center of the
first number {h} must be the center of ‘the 34th typeuwritten line
{at b lines’ per’ 1nch}w or 5 2/3. 1nche51 below the: f1rst line of
typing as dellneated in paragraph d’ above-e;

j+. The upper and lower lines delineating the "DRAFTER TYPED
NAME«».™ and "RELEASER TYPED NANE'---"vln each 1nstance are
spaced 3/6 ‘inch vert1ca11y- L

k« "The quality of ‘the" paper used in message forms must be
controlled for O0CRE appllcatlons- A suitable specification for
paper quality may be obtained by reference to paragraph 4.
Paper Spec1f1cat10ns of the ™USA Standard Character Set for
Optlcal Character Recognltlon"{USAS X3.1?7-19kkL}- This standard
is published by the United States of America Standards Insti-
tute- 10 East 4Oth Street. New York. N- Y. 100lk- Paragraph 4.5
of this standard defines opacity. A paper of medium opacity is
suitable if no writing is to be put on the back. However. if
writing of any kind is to be placed on the back of the form. the
paper should have high opacity as given in paragraph 1 below-

1. Paper Weight: Recommended paper weights used should be
30, 32- 40 and 48 pounds. These are Federal Standard weights
based upon the weight of 1000 1?x22 inch sheets.  C(ommercial
weights are half these figures based upon 500 17?x22 inch sheets-
The preferable weights are 40 and 48 in that order. Forty weight
paper is the recommended minimum weight to be used when back
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printing or writing is used. In such instances the paper must
have a minimum opacity of 85 percent and the back-printing must
have a minimum surface reflectance of 50 percent-

m« The blue ink used for the forms must be "Drop Qut Blue:."
No attempt has been made to formulate a US Standard that defines
this shade of blue- Howevers ink consisting of 31 parts white
and one part of process blue has been found to be satisfactory-
Droup Out Blue should have. as should all nonread colors: a
defused reflectance reading-. based on the reflectance of
magnesium oxide. of 72 percent. Any lower reflectance is un-
acceptable- All readings should be derived in the S4Y photo
area- '
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ENCLOSURE 2. TO FIGURE 1

ADMINISTRATIVE INSTRUCTIONS FOR JOINT MESSAGEFORM {0CRE APPLI-
: CATIONYZ

1. All stampsa signatures. or initials must remain outside of
the blue margin lines that delineate the area reserved for
typing to be read by the Optical Character Recognition Equip-
ment {OCRE3}- This may require authorities coordinating on the
message to initial a block on the cover sheet. the back of the
sheets or elsewhere to be determined by the commander. If the
initials of coordinators or any other writing is placed on the
back of the form it must be behind the administrative portion
at the bottom of the form.- Dependence should not be placed
upon the inks used being sufficiently reflective or the paper
being sufficiently opague to preclude back writing or printing
interferring with the optical reading process. If corrections
and changes are made on the typed form in pencil or ink. the
form must be retyped before inserting on the OCRE-

2. These instructions may be supplemented as required-
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ENCLOSURE 3 TO FIGURE 1

MESSAGE CENTER AND/OR COMMUNICATIONS CENTER INSTRUCTIONS FOR
JOINT MESSAGEFORM {OCRE APPLICATION}

1- Examine each Optical Character Recognition Equ1pment {O0CREY}
joint message form when received for completeness and neatness-.
Refer incomplete. mistypeds or smudged forms to the Duty/Watch
0fficer for coordination and corrective actions with the offlce
originating the message- : ‘

2. Only the first page of the messageform will be stamped

with the date-time-group- and file time- upside down at the
bottom of the back side- To .accomplish this- reverse the first
page about the horizontal axis.and insert the bottom left por-
tion of the form into the time clock for the date-time-group
and the bottom right portion of the form for the file time in
accordance with local instructions. This procedure will allow
typists to read the stamped figures and transcribe them as
reguired into the FOR MESSAGE CENTER/COMMUNICATIONS CENTER ONLY
block- after inserting the page in a typewriter. by glancing
over the carriage at the bottom part of the backside of the
message form: C(are ‘should be taken that the size of the time
stamp and its position at the bottom of the page is such.that
the stamped material will all be below the line on the front
that delineates the lower message area from the top of the ad-
ministrative area of the form. This precaution must be taken.
to preclude ink on the back from showing through the paper and
confusing ‘the optical reader- :

3. Only character‘sets approved for OCRE use Qillibe.USed to
type any information on the messageform-

4. - The following instructions are for automatic. heading prepa-
ration.: If the message headings ready for transmission. is . .
prepared manuallys existing procedures. modified as required-
are suggested- o

a- The message. after being inserted in the typewriter-
will be properly aligned with a minimum of line skew and dadjust-
ed vertically so that the characters to be typed in will be
even with those already printed between the two short horizon-
tal blue lines on the upper left and right margins of the form-

b The typist in the MESSAGE CENTER and/or the COMMUNICA-
TIONS CENTER will read the date-time-group and file time
stamped on the back and. where appropriate. will assign a cite
number {if required by service or command instructions}- He
will then:
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(1) Type the file time and the cite number (if
required) in the appropriate blocks-

(2) Type the date-time-group~ including the month and
year in the appropriate block. Some OCREs and associated com-
puters are programmed to automatically generate the date- time-
month and years but this information must still be typed on
the form before return to the office of origin- '

(3) Type in the appropriate message handling instruc-
tions as required by local procedures:

(4) The area marked "DISTR:™ is for local distribution
which will be typed in. or omitted. in accordance with service
or command instructions. Type a vertical line (|) in front of
the first addressee. If only one line of local distribution is
neededs it may be placed in the last typing line above the lower
blue line with text going down to that line. If no local dis-
tribution is needed- the text may be typed down to the last
typing line. Howevera if more than one line of. local distribu-
tion is needed. the text must not be typed below the first blue
line at the bottom of the page-

5. In a completely automated system the OCRE will supply the-
routing indicator for addressees-

k- In a partially automated system the routing indicator is
obtained from the ACP 117 series and annotated on the message-
form by Communications Center personnel. The routing indicator
and/or operating signals must be typed in front of each addres-
see~ both INFORMATION and ACTION and must begin six spaces from
left margin. The eriginating routing indicator is automatically
assigned. by the 0CRE processor-

7. If one or more characters are typed in error. strike over
each such character with the appropriate delete symbol- 1In
some instances there will be no room for additional characters
due to typeovers: Thus care must be exercised in typing to
avoid errors:

8. These instructions may be supplemehted as required-
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‘ENCtoSuRE-‘u 70 FIGURE 1

TYPIST INSTRUCTIONS FOR JOINT MESSAGEFORN (OCRE APPLICATION)

1- This offlce is serviced by a communlcatlon center that is
equipped with an Optical- Character Recognition Equipment {OCRE)
device that reads what you have typed on the standard message-
form and- with the assistance of a computer. electrnnically
prepares the message for transmission. 'The system is programmed
with these instructions. If you make any mistakes in formatting
the heading or smear the paper with your fingérs or by poor
erasing- the machine is likely to make a mistake or activate

an alarm to get humanh assistance- :

2. Your typewriter is equipped with an approved OCRE type face
(character set). Non-approved character sets. if used. will
’requihewmahuallphqcessingiof the message- ‘

3. ‘The following insthettions must be followed:
a- Select an OCRE 301nt messageform-

bF Insure that the form is stralght in: the typewrlter
‘CaPP16991 u51ng horlzontal blue 11nes at the 1eft and rlght
margins-.

c- (orrect the vertical allgnment so that c¢haracters will
print between the horizontal lines 1n the upper left margln of
the form- ‘

d- Tyre all letters (or words) in: capital- letters-

e- Type in the page number and meSsage page counts taking
care to locate the page number immediately to the right of the
blue left margin line- Adjust the margin set:at this point
because all non-indented lines of the message must line up under
this page number- 1In some instances the: message page count will
not be known until later and must be typed in at that time-
Considerable care should be exercised in-lining up-the type-
writer both horlzontally and vertlcally as . 1t orlglnally was
when typing in the page count. :

f« In the DRAFTER or RELEASER TIME block type:in the
DRAFTER®'s or RELEASER“ Date and Time in accordance with local
instructions- “If this block is’ filled in‘after the. preceding
data is typeds extreme care must: be exercised" in'1lining up the
typeuriter as near "tot the prev1ous lineup~ both horizontally
and vertlcally as’ p0551b1e This is not the message reference
DATE-TIME GROUP which 1is a551gned by the MESSAGE CENTER/COMMUNI-
CATIONS CENTER and wrltten 1n the upper rlght hand _corner of
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the message form whlch you will leave blank. ‘Your return copy
will: have the message reference DTG typed in-

g+ In .the PRECEDENCE blocks type the code characters for
the desired message precedence. doing so for both ACTION and
INFORMATION addressees ‘as applicable. Leave the INFO block
.blank if there is.no INFORMATION addressee. Proper code charac-
ters are as follows: . '

ZZ for Flash Précedencey

00 for Immediate ﬁrecedence

PP for Priority Precedencé

RR for Routine Precedence.
h. The block marked LMF 1is designed for the Language Media
Format of the message- LMFs are listed in JANAP 128 and are

not generally used at present. The LMF will be typed in or
omitted in accordance with local 1nstruct10ns-'

i In the CLASS block type the characters of the security
classification- and/or handling instructions as indicated below-
If the message is a Special Category (SPECAT)- type AA immediate-
ly following the security characters.. _

Examples. follows

uu Unclassified

EE- Encrypt for Transmission Only
cC Confidential

A Secret.

TT. | Top Secret

CCAA  Confidential SPECAT
SSAA  Secret SPECAT ‘ .
TTAA  Top Secret SPECAT. |

j+ The block marked CIC is designed for the Content Indica-

tor Code or general subject of the message. (ICs are listed in
" JANAP 128 and are not generally used at present. The CIC will
be typed in or omitted in’ accordance w1th local’ 1nstruct10ns-

k. 1In the BOOK block type in "Yes" if the message is a
BOOK MESSAGE and "No" if it is a 51ngle or mu1t1p1e address
message- 4
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1- Type the originating organization following the word
"FROM™ starting 20 spaces over from the left margin line- ‘
Space down and type in the first ACTION addressee following the
word "T0:7, being sure to start the addressee directly under
the FROM headguarters- Double space down and type in subsequent
ACTION addresseess starting in the space directly below the
start of the first ACTION addressee- (ontinue until all ACTION
addressees are typed. If a second sheet is used for additional
ACTION or INFORMATIQON addresseess be sure to start all addressees
20 spaces over from the left margin line. Additional addressees
placed on the second page should start after the "FROM:™. The
reader does not see the FROM and is programmed to consider this
an addressee when occurring on a page other than the first. If
there are any INFORMATION addressees- double space down and type
in "INFO"™: starting at the left blue margin line. Space over
and type in the first INFORMATION addressee- starting directly
under the start of the last ACTION addressee- If there is a
second INFORMATION addressee. double space down and type in the
second addressee. starting directly under the first one. and so
on-

m- Never type below the first blue line at the bottom of
the page 17 there is more than one line of internal office dis-
tribution symbols to be listed in this space between the blue
lines at the bottom (see paragraph p)-

n- Afrter completing the INFORMATION addressees there are L
two possibilities~» starting the text or writing in exempted .
addressees~ if anys if an Address Indicating Group has been
used as an A(CTION or INFORMATION addressee- If there are any
exempted addressees type in "XMT:7. starting at the left margin
line and then type in the name of the exempted addressee-
starting directly under the last addressee (20 spaces over from
the margin line). If room is available. double space down from
the last addressee and start the text. Typing of the text must
begin immediately to the right of the left margin line (no in-
dentation for the start of text is permitted)- Continue across
the page for not more than L9 characters which places the last
character at the beginning of the right margin line. The text
must be double spaced- The first word of the text must be the
classification. or the abbreviation UNCLAS-

0+ The numbers in the lower left margin will remind you of
how many single spaced lines are left for addressees or text as
applicable-

p- The area marked "DISTR:™ is for local distribution which
will be typed in- or omitted. in accordance with service or
command instructions. Type a vertical line (|) in front of the
first addressee- If only one line of local distribution is
neededs it may be placed in the last typing line above the lower
blue line with text going down to that line. If no local
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distribution is needed. the text may be typed down to the last
typing line- Howevera if more than one line of local distribu-
tion is needed. the text must not be typed below the first blue
line at the bottom of the page-

q- The lower part of the OCRE Joint Messageform is reserved
for administrative details that are not necessary for the optic-
al reader to consider. All hand writing. special instructionss
coordination. initials and sigrnatures must remain in the area
below the lower heavy blue line-.

r« The Joint Messageform is used as both a first page and
a continuation sheet. When used as a continuation sheet. leave
blank all of the first line of typing except the "PAGE™ and
"DRAFTER or RELEASER TIME™ blockss In the "PAGE™ block enter
the page number and- when determined- the message page count-
Fill in the DRAFTER or RELEASER TIME block as on previous pages
of the same message- Ignore the "BOOK™ "MESSAGE HANDLING IN-
STRUCTIONS™2 "FROM:™ and "T0:™ in blue and type over as required-
Do not type below the lower heavy blue line-

s- As on the first page the security classification of the
message must be stamped on the top and bottom. in the boxes
marked SECURITY CLASSIFICATION of all subsequent pages-

te If any erasures are made they must be done very care-
fully and completely in order to preclude chances of erroneous
reading by the machine. Erasures are not recommended- If one
or more characters are typed in error. strike over each such
character with the single delete character symbol-. Its use
advises the reading machine that the overprinted character(s)
must be deleted and its (their) used space filled up with the
next character(s) whether printed or a space- UWhen it is
desired to delete a whole line of typing use the group(line)
delete symbol' (a long dash) by typing cver the first three
characters in the line-

4. These instructions may be supplemented as‘Fequirede
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Address Patternss PCM9 106
Alarms, 94, 106
Alphabets; 279
AM Compatibility, 125, 138, 147 .
Amplitude vs Frequency
Telephones, 186
Speech Plus Duplex, 164
Switching Equipment, 166
PCM Groups, 109
MF Radio Sets, 126, 127
HF Radio Sets, 139, 140
VHF Radio Sets, 148, 19
Analog Signals, 56
ASCTI, 177, 279
Attenuation vs Frequency
Multiplex Channels,73,7L,76,102
Audio Chamnels, Radio Sets, 123,
1hh, 15, 153, 164
Baseband, 157, 161
Audio Multitone Power, 81
Automatic Gain Control, Receiver,
157,161
Ba.ndwldth
Message Baseband, 155, 160
Designation of, 247, 250
Necessary, 119,120,13L,141,149,
157,162,250
Basic Codey, 177, 179
Basic Group "AY Equipment (12 kHz
to 60 kHz), 90
Basic Systen Characteristics, 60
Basic 1000 Mile Hypothetical Re-
ference System, 6L
Basic 200 Mile Hypothetical Refer-
ence System, 60
Baudot Code (ITA No. 2), 296
Bit Sequence, 286
Buffering Equipment, 212
Calibration Accuracy (Manpacked
Radio Sets), 163
Carrier lLevel
Control, SSB, 123,138,146
Full, 125, 138, 146
Reduced, 125, 138 U6
Suppressed, 125, 138 16
Carrier Noise Measurements, 237
Carrier Suppression, 211
Center Frequencies, 80
Channel v
Characteristics, 73, 82

328

Chamnel (Continued)
Envelope Delay, 89
Equipment, 85
Impedances, 73, Th, 89
In Band Noise, 90
Input Signal Power, 76
Input/Output Imp., 76
Input/Output Power, 85
Insertion Loss-Frequency, 89
Level Stability, 90
Limiting, 90
Mod-Demod Plan, 85
Out of Band Noise, 90
Output Signal Power, 76
Translating Eq., 8 ,
3 kHz, 73
L kHz, 82
L kHz TDM; 101 ,
Composition, TDM, 107, 108 °
Character Interval, 178, 179
Character Sets
Alphabets, 279
OCR, 305
Character, Stepped Operation, 182
Character Substitutions, 177

_ Characteristics

of Transmission Circuits, 71
Multiplex Signal, 102
Charmel, 73
Campander, 102
DC Input/Output, 213,216 218
PCM Signal, 109, 113 = -
Radio Receiver Output, 117
Radio Set Input, 116

Circuit
Loading (FDM), 70
Noise, 6l

Microphone/Headset,122,136,143,151

Technical Channel Loop, B
Point to Point, 68
Radio, 113
Clock T
Circuits (Mbdems), 210
Equipment, 218
Operation (Start/Stop), 182
Méthods, 212
Code, Interim Standard, 179.
Code, Standard, 177
Coded Character Sets, 279
Communication Security, 68
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Control ~
Circuits, Radio, 1, 115
Functions, Fax., 191, 193, 195,
197
Remote TTY. Eq., 182
Convert, Code, 216, 218
Mod. Rate, 212
NPR, 232
S/N to DBA, 233
Crosstalk, 77,78,79,81,95,101,167
Data "‘ransm., 70, 79, 85, 199
DC Digital Trans. Ref. Systems,199
DD Form 173(Message Form), 317
Delay Time, 21k, 215
Deviation, 145, 156, 161
Digital Signals, 56
Distortion
Telegraph/Data, 81,181 lBh,lBS,
204,21L,215,215, ?27
Amp, vs Freq., 164, 1656
Envelope Delay, 73,74,76,89,91,
93,95,98,99,100, 102 27 140 148
157 102,16h,166
Harmonic, 123,1l4),145,152,184L,
166,187
Tn Band, NPR(SSB), 125,138,147
Intermodulation, 73,74,102,123,
4h,145,152
Diversity Combining, 208
Doppler Correction, 208
Drum Recorders, 192
Drum Scanners, 190
Echo Attenuation, 7, 78
Electromagnetic 'Compatibility Re-
quirements, 151,117,118,120,122,
135,143,154,158,182, 186
Emm1831ons, 123 125 126 137,138,
129 s146,147, 1h8 157 162 2&7 2u8

End Instruments, 177

Error Control, 216

Facsimile Equipment, 188

FDM Performance Requirements, 99

Forty-Bight kHz Channel, 76

Four Channel System, 82

Four kHz Channel, 7h 76,81,101

Four-ilire Transm1381on, 6h 71,77,
19

Frame Sync., PCM, 107, 108

Frequency
Band, Radio, 118,119,121,13k,141,
150,158 162
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Frequency (Continued)
Calibration, Racio, 118, 119, 121,
- 135,142,151,154,158, 103
A Coverage Radlo, 118 ,119,121,135,
142,150, 151 154,158
FOM. SysUan, 57, 30
FM Radio, 153
FSX Systems, 80, 117 119,120,153,
210,211
Pllot, o, 99
Stability, Radio, 118,120,121,135,
1,2,151,18l,158,163 -
Telegraph Mux,., 80
Tolerance, Radio, 80,118,119,121,
135,142,151,154,158
Translatlon, 7h, 100, 164

Functions of Transmission Circuits,56

Grade of Service, Voice, 70
Group "A" and "B" Translating Equip-
men%, 90, 91, 92
Heading Generation, 309
Impedance
Audio, Trunk, loops, Order Wires,
etc., 73,77,78,80, 89 101,114,115,
116,117,122 136 1h3 151 15h 4159,
163, 1
Group and Super Group, 90,91,92,
93, 97
Low Level DC Interface, 199,203
Microphones, 163
Modems, 206, 209, 210
PCM, Video, 109, 113
Polar Relays, 185
RF, 122,136,1k,152,155,160,16]
Ringer, 187
Telephones, 186, 188
Switchboards, 167
Independent Sideband, 125,138,147
Index of Cooperation, Facs,, 190,
192,194,196
Interface
Global and Tactical Sys., 55,226
High Level DC, 202
Low Level DC, 199,204,217,221
Intexrference Control, 70
International Telegraph Alphabet
No. 2, .296
Internatﬂonal Telegraph Alphabet
No. 5, 287

Introduction to the Standard Code,279

Keyboard, 173, 179, 286, 296, 312
Lewel, 79,62, 195599 101,157,162,166
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Limiting, 78,79,90,166,186,188 -
LlneéAdvance, Facsg, 190 192 519k,
19
Line length; Page Copy, 180
Linearity, Input/Output, PCM, 101
Listeners Grade of Service, 70
Loading, 70,76,8,85,229
Loops, 11, T2
Loss
Group/Super Group, 91,93 95,97,
99,100
Loops, TL, 72 ,
Return, 71, 155, 160
Switches/Ringers, 166, 176
Trunks/Channels, 71, 72, 101
Manual Operation, Facs., 192,'197
Measurement, Methods of, 227 -
Message Baseband 82, lSh, 159
Modems, Data, 200t,208,210,211,243
Modulation ‘ .
Freq. Div., 85,90,92,95
Modems, 206, 208, 211 .
Pulse Code (Time Div.),58, 101
Radio Sets, 119 120,122,1hh 105,
152,153,156,160,247
Rates, 119,120 153 178,179,181,
185,20h,206 211 213 2lh 217,218,
219,221,307
Multiplex
Freg, Div,, 80, 81, 82
Systems, 57, 79
Telegraph, 80
Time Div., 101
New Line, 182, 286
Noise
Group/Super Group, 92,9k, 95,98 99
Loops, 72
Measurement, 100,228, 232 52395243
PCM Systems, 101,102,106
Radio Sets, 118,120 122y1uh s,
152,156
Sm.tches/_Tel° Sets, 166, 186
Trunks/Chamnels, 6L,77,78,79,90
One-Way Reversible Operation, TTY,
211
Optical Character Recognition Equip-
ment, 305
Order Wire, 82, 106, 116
Paper Tape, 183
Paper, TTY, 183
Parity, 177 9 236

330

Performance EZquipment, High, 121,
123,125,126,127,134,135,137,133;
140,141,142,146,147, 1u8 1h9 150,.A
151,158 181 "

Performance Equipment, Low, 121
123,125,126,127 134,1353137 138
1,0, 141,143, 146,107,118, 119, 150
151 158,181 . :

Performance Objectives, 61, 70 -

Phase. Jitter, 118, 120 122 135,210

Pilob, Group, 94 -

Point, to Point Clrc:u_.tsp 68

Point, Trunk Transmission Level.
Reference, 77, 78

Polar Relays, 183, 134

Power
Audio, In/Out, Radlo, 122 136,
3, 152 15h,lSS 159,160
Data Loadlng, 79
Facsimile, l93,l9h
Group/Super Group, 90y/1,92 93,,7
Modems, 206,209,210,211
Tel. Sets/Mlcrophones Handsets,
116,1179163316u,186y1879188
Trunks/Channels, 76,79,85
VF Telegraph; -8l

Precedence Recognition, 68

Pre-emphasis/De-emphasis,; 15,156,161

Printing Telegraph Equipment, 179

Pulse Code Modulation, 101

Quasi~Analog Signals, 579 63

Radio Circuits, 113 -

Radio Loops, 72

Radio Regulations, 113, 2h7

Radio Relay Operation, 157, 162

Radio Sets; AlrbOfne, for Low Per-
formance Aircraft, 16l

Radio Sets, MEnpaCked, Handheld or
Helmet-lMounted, 163 '

Radio TransmlsSLOn of PCM Groups,109

Recording, Facs.,, 192,193,194,197

Reliability, TTY, 182

Repeaters, Regeneratlve, 213,214,215

Resolution, Facs,, 196

Ringer, 187 '

Scamglnt Facs., 190 191,192,194,195,
19

Security, 217

Sensitivity, DC Digital ?ecelver,
200, 203

Sensitivity, Rlnger, 1387
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Sensitivity, Telephone Audio, 186,
188 :
Serial Connection, 200
Signal(ing)
Clock EQ., 213,215,217,221
Data, S/N, 70
DC Digital, 200, 203
Facsimile, 191,193,19L,196
Loading, 79
Modems, 234 '
Quasi-Analog, 57
Radio-Wire Integration, 115
Switchboards, 170,173,176
System, 56
Telephones, 186, 188
V¥ Telegraph, 80
Single Channel Radio, FSK, 117
Single Sideband, 123, 239
Speech Plus Duplex, 16h
Stability, Level, 90,92,91,95,98
Sup;rgroup Translating Equipment,
9
Supervisory Channel, 15L4, 159

 Switching Instructions, Standard

Digital, 301
Switching Systems, 166
Synchronization, 106,191,193,195,
197,206,209 ‘
tem
200 Mile Reference, 60
1000 Mile, 64
Performance Objectives, 70
Plans, 55
Multiplex FDM, 81
Multiplex PCiH, 101
Multiplex Telegraph, 80
Radio, 113
Switching, 166
Tape Punches/Readers, 180, 181
Telegraph and Data Transmission,l99
Telegraph Channels, FDM Systems,
80,81 :
Telephone Control and Signaling
Procedures, 169, 173
Telephone Instruments, 71, 185
Teletypewriter and Data Equipment,
171
Teletypewriter Recording Media, 183
Test Tone, 72,77,78,101,167
Three kHz Channel, 73, 77, 81
Through Group Equipment, 95, 99

331
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~ TDM Systems, 5

8

Timing, 20k, 21k, 215, 216, 217,
221

Translators, Alphabet, 217, 2I8

Transmission Channels for PCM
Groups, 109

Transmission Level Reference Point,
77, 78, 79, 82

Transmission Losses in Loops, T1

Pransmission Media, 59

Transmission of PCH Groups by
Radio, 109

Transmission of Quasi-Analog Data,63

Transmission Performance Objectives,
70

Transmission Performance, Methods of
Measurement of, 241

Transmission Rate, PCM, 107, 108

Transmission Security, 68

Transmission Systems, Tactical, 7C

Transmission, Four-Wire, &

Transmission, HF Radio, 60

Transmission, Metallic Lines, 59

Transmission, Radio Relay, 59

Transmission, Voice, 70

Transmission, Cable, PCM, 109

Transmitter Wave Shape, 199

Transmitting Devices, Electromech-
anical Telegraph, 181

Tropospheric Scatter Radio Relay
Trunks, 70

Trunks, Four-Wire, 77

Trunks, Two-Wire, 78

Voice, 70

Voice Frequency Ringing, 76

Voice Guard, 170, 173

Voice loading, 79, 84

Voice Transmission, 70

Volume, Telephone Sets, Tl

Waveshaper, 203

¥White Noise Test Signal, 229

Wire and Cable Trunks, 78 '

Words Per Ifinute, 182
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