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CHAPTER 1

INTRODUCTION gmy/

PART |

Part 1 of the Telemetry Standards addresses teetitvelate conventional methods,
techniques, and practices affiliated with aeromalitelemetry applicable to the member
RCC ranges.

Part 1 of this document is composed of nine chapé&ach devoted to a different element of
the telemetry system or process.

Reference documents are identified at the poineéfefrence.

Commonly used terms are defined in standard referglossaries and dictionaries.

Definitions of terms with special applications areluded when the term first appears,
generally in the front sections of individual cheqgt Radio frequency terms are defined in the
Manual of Regulations and Procedures for Federal Radio Frequency Management. Copies

of that manual may be obtained from:

Executive Secretary, IRAC
U.S. Department of Commerce, NTIA
Room 1605, HCHB Building
14" and Constitution Avenue, N.W.
Washington, D.C. 20230



CHAPTER 2

TRANSMITTER AND RECEIVER SYSTEMS

2.1 Radio Freguency Standards for Telemetry

These standards provide the criteria terd@ne equipment and frequency use
requirements and are intended to ensure efficiethirterference-free use of the radio
frequency spectrum and interchange of operatiodslata between test ranges. The
radio frequency spectrum is a limited natural reseu therefore, efficient use of
available spectrum is mandatory. In addition, spsbility to interference must be
minimized. Systems not conforming to these staiglegquire justification upon
application for frequency allocation, and the ussuzh systems is highly discouraged.
The standards contained herein are derived froml#ti®nal Telecommunications and
Information Administration's (NTIA) Manual of Rea@tions and Procedures for Federal
Radio Frequency Management

2.2 Definitions

Allocation (of a Frequency BandEntry of a frequency band into the Table of
Frequency Allocatiorsfor use by one or more radio communication sesvarethe radio
astronomy service under specified conditions.

Assignment (of a Radio Frequency or Radio Freguéiannel) Authorization
given by an administration for a radio station $e & radio frequency or radio frequency
channel under specified conditions.

Authorization Permission to use a radio frequency or radiguieacy channel
under specified conditions.

Occupied Bandwidth The width of a frequency band such that belosvidlwver and
above the upper frequency limits, the mean powmitex] are each equal to a specified
percentage of the total mean power of a given eamsdJnless otherwise specified by
the International Telecommunication Union (ITU) tbe appropriate class of emission,
the specified percentage shall be 0.5 percent.otbepied bandwidth is also called the
99-percent power bandwidth in this document.

The definitions of the radio services that can perated within certain frequency
bands contained in the radio regulations as agmeby the member nations of the
International Telecommunications Union. This tablenaintained in the United States
by the Federal Communications Commission and thiANT
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Primary Service A service that has full rights in a band of fnieqcies and can
claim protection from harmful interference from etlservices.

Secondary ServiceService that can be obtained on a noninterfereperation
basis with primary service users. Stations ofcasdary service shall not cause harmful
interference to stations of a primary service athot claim protection from interference
from stations of a primary service; however, thay claim protection from harmful
interference from other secondary stations to whiehuencies were assigned at a later
date.

2.3 UHF Bands

The bands used for telemetry are described umalffias the L band from 1435 to
1535 MHz, the S band from 2200 to 2300 MHz, andughyger S band from 2310 to 2390
MHz. While these band designations are commoaléentetry parlance, they may have
no specific meaning to anyone else. Telemetrygassénts are made for testimganned
and unmanned aircraft, missiles, space vehiclegetsleds and systems carried on such
sleds, or for testing their major components.

2.3.1 Allocation of the L Band (1435 to 1535 MHZJhis band is allocated in the United
States of America and its possessions for goverhar@hnongovernment aeronautical
telemetry use on a shared basis. The nongovermuserdf this band is coordinated by
the Aerospace and Flight Test Radio Coordinatingr€o (AFTRCC). The frequencies
in this range will be assigned for aeronauticatedtry and associated remote-control
operationdfor testing of manned or unmanned aircraft, méssitocket sleds, and other
vehicles or their major components. Authorizedgesacludes telemetry associated with
launching and reentry into the Earth's atmosphereead as any incidental orbiting prior
to reentry of manned or unmanned vehicles undegdtight tests. The following
frequencies are shared with flight telemetering ilecdtations: 1444.5, 1453.5, 1501.5,
1515.5, 1524.5, and 1525.5 MHz.

2.3.1.1 1435 to 1525 MHZThis frequency range is allocated for the exghkisse of
aeronautical telemetry in the United States of Acaer

2.3.1.2 1525 to 1530 MHZThe 1525- to 1530-MHz band was reallocated atl®92
World Administrative Radio Conference (WARC-92)heTMobile-Satellite Service is
now a primary service in this band. The Mobilev&=r (includes aeronautical telemetry)
is now a secondary service in this band.

2.3.1.3_1530 to 1535 MHZThe Maritime Mobile-Satellite Service is a primaervice
in the frequency band from 1530 to 1535 MHZhe Mobile Service (including
aeronautical telemetry) is a secondary servichigldand.

’A telemetry system as defined here is not criticahe operational (tactical) function
of the system.
*The word used for remote control operations in liaisd istelecommand.
“Reallocated as of 1 January 1990.
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2.3.2 Allocation of the S Band (2200 to 2300 MH®o provision is made in this band
for the flight testing of manned aircratft.

2.3.2.1 2200 to 2290 MHZzThese frequencies are shared equally by theetdStates
Government's fixed, mobile, space research, spae@ation and Earth
exploration-satellite services. These frequenicielside telemetry associated with launch
vehicles, missiles, upper atmosphere research tgcked space vehicles regardless of
their trajectories.

2.3.2.2 2290 to 2300 MHZAllocations in this range are for the spaceasdeservice
(deep space only) on a shared basis with the fixeldmobile (except aeronautical
mobile) services.

2.3.3 _Allocation of the Upper S Band (2310 to 2888z). This band is allocated to the
radiolocation and mobile services in the Unitedé&t@f America. Government and
nongovernment telemetry users share this bandriaraer similar to that of the L band.
Telemetry assignments are made for flight testing@nned or unmanned aircraft, missiles,
space vehicles, or their major components. ThguBracies 2312.5, 2332.5, 2352.5, 2364.5,
2370.5, and 2382.5 MHz are also designated fobydmth government and nongovernment
stations on a co-equal basis for telemetering asdaated telecommand operations for
expendable and reusable launch vehicles whethsst@uch operations involve flight
testing. Such uses will be limited to 1-MHz bandths.

2.3.3.1 2310 to 2360 MHZThese frequencies have been reallocated andavet®ned
by the Federal Communications Commission in AMBZ The Wireless
Communications Service is the primary service anftequencies 2305-2320 MHz and
2345-2360 MHz. The Digital Audio Radio Satelliterce is the primary service in the
2320-2345 MHz band. In the band 2310-2360 MHz ntiebile and radiolocation
services are allocated on a primary basis untdriudry 1997 or until broadcasting-
satellite (sound) service has been brought intdrusach a manner as to affect or be
affected by the mobile and radiolocation servicethose service areas, whichever is
later. Aeronautical telemetry will become a se@mgdervice when these services start
using the band.

2.3.3.2_2360 to 2390 MHZThe Mobile Service (including aeronautical tedgry) is a
primary service in this band. The Balanced Budgetof 1997 resulted in the
reallocation of 2385-2390 MHz to other applicatiofi$ie Mobile Service will no longer
be a primary service in this frequency range &@@5 (or 2007 in some areas).
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2.4 UHEF Telemetry Transmitter Systems

Air- and space-ground telemetry is accommodatedearappropriate UHF bands
1435 to 1535, 2200 to 2300, and 2310 to 2390 MHzessribed in paragraph 2.3.

2.4.1 Center Frequency Tolerancénless otherwise dictated by a particular ajayioe,
the frequency tolerance for a telemetry transméhel be +0.002 percent of the
transmitter's assigned center frequency. Transnaiésigns shall control transient
frequency errors associated with startup and pawerruptions. During the first second
after turn on, the transmitter output frequencyldfemwithin the occupied bandwidth of
the modulated signal at any time when the transmititput power exceeds -25 dBm.
Between 1 and 5 seconds after initial turn onttévesmitter frequency shall remain
within twice the specified limits for the assignedlio frequency. After 5 seconds, the
standard frequency tolerance is applicable foraard/all operations where the transmitter
power output is -25 dBm or greater (or producesld Etrength greater than 320
puV/meter at a distance of 30 meters from the trattgrgiantenna in any direction).
Specific uses may dictate tolerances more strinipamt those stated.

2.4.2 Channel Bandwidth DefinitionsChannel bandwidths are defined below.

2.4.2.1 _Standard Bandwidth Signa\ standard bandwidth signal occupies a bandwidth
less than or equal to 1 MHz.

2.4.2.2 Wide Bandwidth SignalA wide bandwidth signal occupies a bandwidthatge
than 1 MHZ>

2.4.3 ChannelizationChannel spacings for all types of telemetry @sesdescribed in
the following subparagraphs.

2.4.3.1 _Standard Bandwidth Channe®&tandard bandwidth channel spacing is in
increments of 1 MHz, beginning 500 kHz from the émwand edge, such as 1435.5,
1436.5, and 1437.5 MHz. By definition, the bandexdof a standard bandwidth channel
cannot fall outside the allocated band.

2.4.3.2 _Wide Bandwidth Channel€hannels with bandwidths greater than 1 MHz are
assigned channels on spacings as standard bandithels. The resulting spectrum is
not allowed to fall outside the allocated band.

*Telemetry systems with bandwidths greater than Hx Mperating on the standard
telemetry bands, are highly discouraged.
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2.4.4 Output PowerEmitted power levels shall always be limitedite minimum
required for the application. The output powerishat exceed 25 watts The effective
isotropic radiated power (EIRP) shall not exceeavags.

2.4.5 Modulation The traditional modulation methods for aerorzltielemetry are
frequency modulation and phase modulation. Freguand phase modulation have a
variety of desirable features but may not proviterequired bandwidth efficiency
especially for higher bit rates. When better badtwefficiency is required, the standard
method for digital signal transmission is Fehergemted quadrature phase shift keying
(FQPSK-B). FQPSK-B is a nearly constant envelopkia compatible with non-linear
amplifiers with minimal spectral regrowth and mimhdegradation of detection
efficiency. Additional FQPSK-B characteristics discussed in section 7 of Appendix
A.

2.4.5.1 Characteristics of FQPSK-BQPSK-B is described in Digcom Inc. document,
“FQPSK-B, Revision Al, Digcom-Feher Patented Tebbgy Transfer Document,
January 15, 1999”. This document can be obtaine@mua license from:

Digcom Inc.

44685 Country Club Drive
El Macero, CA 95618
Telephone: 530-753-0738
FAX: 530-753-1788

2.4.5.1.1_Differential EncodingDifferential encoding shall be provided and khal
consistent with the following definitions:

The NRZ-L data bit sequencefds sampled periodically by the transmitter atéim
instants

t =nT, n=012,....

where T, is the NRZ-L bit period. Using the bit index vadue as references to the
beginning of symbol periods, the differential eneodlternately assembles | channel and
Q channel symbols to form the sequences

[ I D
and

Q;.Q:.Q;,...

®An exemption from this power limit will be consi@er; however, systems with
transmitter power levels greater than 25 watts eéllconsidered nonstandard systems
and will require additional coordination with affed test ranges.

’An exemption from this EIRP limit will be considerehowever, systems with EIRP
levels greater than 25 watts will be consideredstenmdard systems and will require
additional coordination with affected test ranges.
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according to the following rules:

I2n = b2n O Q(Zn—l) n>0 (2-1)

Q(2n+1) = b(2n+l) O |2n n>0 (2- 2)

where[d denotes the exclusive-or operator, and the bareabwariable indicates the
‘not’ or inversion operator. Q channel symbols @ffset (delayed) relative to | channel
symbols by one bit period.

2.4.5.1.2_Data Randomizatiofhe data input to the transmitter shall be ramded

using either an encryptor that provides randomoratdir an Interrange Instrumentation
Group (IRIG) 15-bit randomizer as described in Gaap and Appendix D. The purpose
of the randomizer is to prevent degenerative dateems from degrading data quality.

2.4.5.1.3_Quadrature Modulator Phase Mapble 2-1 lists the mapping from the input
to the modulator (after differential encoding ar@ASK-B wavelet assembly) to the
carrier phase of the modulator output. The amgdituin table 2-1 area, where “a” is a
normalized amplitude.

TABLE 2-1. FQPSK-B PHASE MAP.
| Channel Q Channel Resultant Phase
a a 45 degrees
-a a 135 degrees
-a -a 225 degrees
a -a 315 degrees

2.4.5.1.4_Bit Rate The bit rate range for FQPSK-B shall be betwkétb/s and 20
Mb/s.

2.4.5.1.5_Transmitter Phase Noisene sum of all discrete spurious spectral corepts
(single sideband) shall be less than -36 dBc. Tméirruous single sideband phase noise
power spectral density (PSD) shall be below theesghown in figure 2-1. The
maximum frequency for the curve in figure 2-1 igdourth of the bit rate. For bit rates
greater than 4 Mb/s, the phase noise PSD shadldsethan —100 dBc/Hz between 1 MHz
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and one-fourth of the bit rate.

Phase Noise PSD (dBc/Hz)

NSEEEN
N B O
© o &

100 1000 10000 100000 1000000
Frequency (Hz)

[any
o

Figure 2-1. Continuous single sideband phase mmg&r spectral density.

2.4.5.1.6_Carrier Suppressioihe remnant carrier level shall be no greaten t25
dBc. Paragraph 7.0 of Appendix A contains adddlahscussion of carrier suppression.

2.4.5.2 Modulation PolarityAn increasing voltage at the input of a freqyemodulation

(FM) transmitter shall cause an increase in outputier frequency. An increase in voltage
at the input of a phase modulation (PM) transmgteall cause an advancement in the phase
of the output carrier. An increasing voltage sballse an increase in the output power of an
amplitude modulation (AM) transmitter.

2.4.6 Spurious Emission and Interference LimBpuriou& emissions from the transmitter
case, through input and power leads, and at thertrter radio frequency (RF) output and
antenna-radiated spurious emissions are to benaiélgjuired limits shown in MIL-STD-461,
Electromagnetic Emission and Susceptibility Requ@ats for the Control of Electromagnetic
Interferencewhen measured by the methods and equipment simoMiL-STD-462,
Electromagnetic Interference Characteristics, Mesasant Other applicable standards and
specifications may be used in place of MIL-STD-461 MIL-STD-462, if necessary.

8Any unwanted signal or emission is spurious whetinerot it is related to the
transmitter frequency (harmonic).
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2.4.6.1 Transmitter-Antenna System EmissioBmissions from the antenna are of primary
importance. For example, a tuned antenna may gpmwiaattenuate spurious frequency
products produced by the transmitter, and an aatenmulti-transmitter system may generate
spurious outputs when a pure signal is fed tanpsii. The transmitting pattern of such
spurious frequencies is generally different from plattern at the desired frequency. Spurious
outputs in the transmitter output line shall beit@d to -25 dBm. Antenna-radiated spurious
outputs shall be no greater than 3@&0meter at 30 meters in any direction.

WARNING: Spurious levels of -25 dBm may severely degradeperformance of
sensitive receivers whose antennas are locatddse proximity to the telemetry
transmitting antenna. Therefore, lower spuriowgliemay be required in certain
frequency ranges, such as near GPS L1 and L2 fnetse

2.4.6.2 _Conducted and Radiated Interfereringerference (and the RF output itself)
radiated from the transmitter or fed back intottia@smitter power, signal, or control
leads could interfere with the normal operatiothaf transmitter or the antenna system to
which the transmitter is connected. All signaladwcted by the transmitter's leads (other
than the RF output cable) in the range of 150 ldH2 MHz, and all radiated fields in

the range of 150 kHz to 10 GHz (or other frequaaniges as specified) must be within
the limits of the applicable standards or spediifices.

2.4.7 Operational Flexibility Each transmitter shall be capable of operatiradl a
frequencies within its allocated band without desigpdificatior.

2.4.8 Modulated Transmitter Bandwidth Telemetry applications covered by this standard
shall use 99-percent power bandwidth to define pieclbandwidth and -25 dBm bandwidth
as the primary measure of spectral efficiency. -PsedBm bandwidth is the minimum
bandwidth that contains all spectral componentsaba-25 dBm or larger. A power level of
-25 dBm is exactly equivalent to an attenuatiotheftransmitter power by 55 +2l0g(P)

dB where P is the transmitter power expressed ttswd he spectra are assumed
symmetrical about the transmitter’s center freqyemdess specified otherwise. All spectral
components larger than —(55 +x1dg(P)) dBc at the transmitter output must be waittie
spectral mask calculated using the following eaqumti

M(f)=K +90logR-100log|f — ff; [ - =~ (2-3)
where

M(f) = power relative to P (i.e., units of dBc) at fuegcy f (MHz)

*The intent is that fixed frequency transmitters barused at different frequencies by
changing crystals or other components. All appliegerformance requirements will be
met after component change.

¥These bandwidths are measured using a spectruyranalith the following
settings: 10-kHz resolution bandwidth, 1-kHz vidsmdwidth, and max hold detector.
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K = -20 for analog signals

K = -28 for binary signals

K = -63 for quaternary signals (e.g., FQPSK-B)
fc = transmitter center frequency (MHz)

bit rate (Mb/s) for digital signals or
(af + f__ ) (MHz) for analog FM signals

m = number of states in modulating signal;

m = 2 for binary signals

m = 4 for quaternary signals and analggals
peak deviation
maximum modulation frequency

Af

fm ax

Note that the mask in this standard is differeantthe mask contained in the 1996 and
1999 versions of the Telemetry Standasdwd, in general, narrower. Equation (2-3) da®s n
apply to spectral components separated from thec&gequency by less th&im. The -

25 dBm bandwidth is not required to be narrowenthdIHz. Binary signals include all
modulation signals with two states while quaterrsaagyals include all modulation signals with
four states (quadrature phase shift keying and P 8re two examples of four-state signals).
Appendix A, paragraph 6.0, contains additionatassion and examples of this spectral mask.

2.5 UHF Telemetry Receiver Systems

As a minimum, UHF receiver systems shall havediewing characteristics:

2.5.1 Spurious Emissiond’he RF energy radiated from the receiver itsefed back into

the power supply, and/or the RF input, output, e@matrol leads in the range from 150 kHz to
10 GHz shall be within the limits specified in M&¥D 461. It shall be tested in accordance
with MIL-STD 462 or RCC Document 118, volume llest Methods for Telemetry RF
Subsystems Other applicable standards and specificationgslmeaused in place of
MIL-STD-461 and MIL-STD-462, if necessary.

2.5.2 Frequency Toleranc&he accuracy of all local oscillators within tleeeiver shall be
such that the conversion accuracy at each stagevendll is within £0.001 percent of the
indicated tuned frequency under all operating dionl for which the receiver is specified.

2.5.3 Receiver Phase Nais€he sum of all discrete spurious spectral corepts

(single sideband) shall be less than -39 dBc. ciminuous single sideband phase noise
power spectral density (PSD) shall be 3 dB belaawilrve shown in figure 2-1. The
maximum frequency for the curve in figure 2-1 igdourth of the bit rate. For bit rates
greater than 4 Mb/s, the phase noise PSD shadldsetthan —103 dBc/Hz between 1 MHz
and one-fourth of the bit rate.
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2.5.4 Spurious ResponseRejection of any frequency other than the ongtich the
receiver is tuned shall be a minimum of 60 dB rfeed to the desired signal over the
range 150 kHz to 10 GHz.

2.5.5 Operational Flexibility All ground-based receivers shall be capablepefating
over the entire band for which they are desigriexternal downconverters may be either
intended for the entire band or a small portiondaable of retuning anywhere in the
band without modification.

2.5.6 Intermediate Frequency BandwidtA$e standard receiver intermediate frequency
(IF) bandwidths are shown in table 2-2. These hadlitis are separate from and should
not be confused with post-detection low-pass filgthat receivers provide The ratio

of the receiver’s -60 dB bandwidth to the -3 dB dhaidth shall be less than 5.

For data receivers, the IF bandwidth should typrda
= selected so that 90 to 99 percent of the transinspectrum is
within the receiver 3-dB bandwidth. In most casks,
optimum IF bandwidth will be narrower than the [@&cent power bandwidth
measured using the method outlined in Appendixubparagraph 5.2.1.

(
z NOTE

TABLE 2-2. STANDARD RECEIVER IF BANDWIDTHS.
300 kHzt 1.5 MHzt 6 MHzt
500 kHz* 2.4 MHz% 10 MHz%
750 kHzt 3.3 MHzt 15 MHz#
1000 kHzt 4.0 MHzt 20 MHzt

1 see note next page
T see note next page

n most instances, the output low-pass filter stimat be used to “clean up" the
receiver output prior to use with demultiplexingigmment.
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\iNOTE /

D 1. Bandwidths are expressed at the points wheporse is 3 dB

below the respoasthe design center frequency, assuming thg

passband ripple is minimal, which may not necélydae the case. The 3-dB
bandwidth is chosen, because it closely matdieadise bandwidth of a "brick-wall"
filter of the same bandwidth. The "optimum" basdth for a specific application
may be other than that stated here. Ideal #€rfiesponse is symmetrical about its
center frequency; in practice, this may not eedhase.

2. Not all bandwidths are available on all reees or at all test ranges. Additional
receiver bandwidths may be available at someamsfes.

3. (t) Bandwidths are for use with standard badth channels.

4. (1) Bandwidths are for use with wide bandwidhannels.
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CHAPTER 3

FREQUENCY DIVISION MULTIPLEXING TELEMETRY STANDARDS

3.1 General

In frequency division multiplexing, each data amalnmakes use of a separate
subcarrier which occupies a defined position anmdtédth in the modulation baseband
of the RF carrier. Two types of frequency modolatfFM) subcarrier formats may be
used. The data bandwidth of one format type ip@rtmonal to the subcarrier center
frequency, while the data bandwidth of the othpetis constant, regardless of
subcarrier frequency.

3.2 FM Subcarrier Characteristics

In these systems, one or more subcarrier sigeats) at a different frequency, are
employed to frequency modulate (FM) or phase madyRM) a transmitter in
accordance with the RF conditions specified in t&@p. The following subparagraphs
set forth the standards for utilization of FM fregay division multiplexing.

3.2.1 Each of the subcarriers conveys measuredagatin FM form. The number of
data channels may be increased by modulating omeo of the subcarriers with a
time-division multiplex format such as pulse-codedulation (PCM).

3.2.2 The selecting and grouping of subcarrienok&s depend upon the data
bandwidth requirements of the application at hamdigpon the necessity to ensure
adequate guard bands between channels. Combisaticmoth proportional-bandwidth
channels and constant-bandwidth channels may lae use

3.3 FEM Subcarrier Channel Characteristics

The following subparagraphs describe the charstitey of
proportional-bandwidth and constant-bandwidth FMcsurier channels.

3.3.1 Proportional-Bandwidth FM Subcarrier Char@eracteristics Table 3-1 lists
the standard proportional-bandwidth FM subcardemmels. The channels identified
with letters permit £15 or +30 percent subcarrievidtion rather than £7.5 percent
deviation but use the same frequencies as thegh2sti channels. The channels shall
be used within the limits of maximum subcarrieriddon. See appendix B for
expected performance tradeoffs at selected conmbinsabf deviation and modulating
frequency.
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TABLE 3-1. PROPORTIONAL-BANDWIDTH FM SUBCARRIER CH ANNELS

+7.5% CHANNELS

Lower Upper Nominal Nominal Maximum Minimum
Center Deviation Deioa Frequency Rise Frequency Rise
Frequencies itim Limit Response Time Response Time
Channel (Hz2) (Hz) (Hz) (Hz) (ms) HZ) (ms)
1 400 370 430 6 58 30 11.7
2 560 518 026 8 44 42 8.33
3 730 675 857 11 32 55 6.40
4 960 888 203 14 25 72 4.86
5 1300 1202 1398 20 18 98 3.60
6 1700 1572 1828 25 14 128 2.74
7 2300 2127 2473 35 10 173 2.03
8 3000 2775 3225 45 7.8 225 1.56
9 3900 3607 4193 59 6.0 293 1.20
10 5400 4995 5805 81 4.3 405 648
11 7350 6799 7901 110 3.2 551 356
12 10 500 9712 11 288 160 2.2 788 444
13 14 500 13412 885 220 1.6 1088 .322
14 22 000 20 350 286 330 11 1650 212
15 30 000 27 750 32 250 450 .78 2250 .156
16 40 000 37 000 43 000 600 .58 3000 117
17 52 500 48 562 56 438 788 44 3938 .089
18 70 000 64 750 75 250 1050 .33 5250 .06
19 93 000 86 025 99 975 1395 .25 6975 .050
20 124 000 114 700 133 300 1860 .19 9300 .038
21 165 000 152 625 177 375 2475 .14 12 375 .029
22 225 000 208 125 241 875 3375 .10 16 875 .021
23 300 000 277 500 322 500 4500 .08 22 500 .016
24 400 000 370 000 430 000 6000 .06 30 000 012
25 560 000 518 000 602 000 8400 .04 42 000 .008

See notes at end of table.
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TABLE 3-1 (CONT'D). PROPORTIONAL-BANDWIDTH FM SUBC ARRIER CHANNELS

+15% CHANNELS

Lower Upper Nominal Nominal Migmam Minimum
Center Deviation Deviation Freqoye Rise Frequency Rise
Frequencies Limit Limit $ponse Time Response Time
Channel (Hz2) (Hz2) (Hz2) (Hz) (ms) (Hz) (ms)
A 22 000 18 700 25 300 660 .53 3300 .106
B 30 000 25500 34 500 900 .39 4500 .078
C 40 000 34 000 46 000 1200 .29 6000 .058
D 52 500 44 625 60 375 1575 .22 7875 .044
E 70 000 59 500 80 500 2100 A7 10 500 .033
F 93 000 79 050 106 950 2790 A3 13 950 .025
G 124 000 105 400 142 600 3720 .09 18 600 018
H 165 000 140 250 189 750 4950 .07 24 750 014
| 225 000 191 250 258 750 6750 .05 33 750 .010
J 300 000 255 000 345 000 9000 .04 45 000 .008
K 400 000 340 000 460 000 12 000 .03 60 000 6.00
L 560 000 476 000 644 000 16 800 .02 84 000 004

See notes at end of table.
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TABLE 3-1 (CONT'D). PROPORTIONAL-BANDWIDTH FM SUBC ARRIER CHANNELS

+30% CHANNELS

Lower Upper Nominal Norai Maximum Minimum
Center Deviation Deviation Frequency Rise Frequency Rise
Frequencies Limit Limit Response Time Response Time
Channel (Hz) (Hz) (Hz) (Hz) (ms) (Hz) (ms)

AA 22 000 15 400 28 600 1320 .265 6600 .053
BB 30 000 21 000 39 000 1800 .194 9000 .038
CC 40 000 28 000 52 000 2400 .146 12 000 .029
DD 52 500 36 750 68 250 3150 111 15750 .022
EE 70 000 49 000 91 000 4200 .083 21 000 .016
FF 93 000 65 100 120 900 5580 .063 27 900 .012
GG 124 000 86 800 161 200 7440 .047 37 200 .009
HH 165 000 115 500 214 500 9900 .035 49 500 .007
Il 225 000 157 500 292 500 13 500 .026 67 500 .005
JJ 300 000 210 000 390 000 18 000 .019 90 000 .004
KK 400 000 280 000 520 000 24 000 .015 120 000 .003
LL 560 000 392 000 728 000 33 600 .010 168 000 .002

Round off to nearest Hz.

The indicated maximum data frequency responsearanidnum rise time is based on the maximum theosétiesponse that can be
obtained in a bandwidth between the upper and Ién@guency limits specified for the channels. Segeadix B, paragraph 3.0 for
determining possible accuracy versus responsedffade

Channels A through L may be used by omitting asljatettered and numbered channels. Channelsd. A amay be used together
with some increase in adjacent channel interference

Channels AA through LL may be used by omittingrg\feur adjacent double lettered and lettered celnand every three adjacent
numbered channels. Channels AA through LL maydsel by omitting every three adjacent double lettered lettered channels and
every two adjacent numbered channels with someaserin adjacent channel interference.




3.3.2_Constant-Bandwidi Subcarrier Channel Characteristics
Table 3-2 lists the standard constant-bandwidthsEbtarrier channels. The letters A,
B, C, D, E, F, G, and H identify the channels fee with maximum subcarrier
deviations of +2, +4, £8, £16, £32, +64, +128, arith6 kHz, along with maximum
frequency responses of 2, 4, 8, 16, 32, 64, 128286 kHz. The channels shall be
used within the limits of maximum subcarrier denat See appendix B for expected
performance tradeoffs at selected combinationgwiadion and modulating
frequencies.

3.4 Tape Speed Control and Flutter Compensation

Tape speed control and flutter compensation foffifformats may be
accomplished as indicated in subparagraph 6.8ahteh6. The standard reference
frequency used shall be in accordance with thergiin table 3-3 when the reference
signal is mixed with data.
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TABLE 3-2. CONSTANT-BANDWIDTH FM SUBCARRIER CHANNE LS.

A CHANNELS B CHANNELS C CHANNELS D CHANNELS E CHANNELS F CHANNELS G CHANNELS H CHANNELS
Deviation Deviation Deviation Deviation Datibn Deviation Deviation Deviation
limits = + 2 kHz limits = + 4 kHz limits = + 8Hiz limits = + 16 kHz limits = + 32 kHz limits + 64 kHz limits = + 128 kHz limits = + 256 kHz
Nominal frequency Nominal frequency Nominakfuency Nominal frequency Nominal frequency Nashifrequency Nominal frequency Nominal frequency
response = 0.4 kHz response = 0.8 kHz response kHr response = 3.2 kHz response = 6.4 kHz porese = 12.8 kHz response = 25.6 kHz response2=kbiz
Maximum frequency Maximum frequency Maximum fueqcy ~ Maximum frequency Maximum frequency Maximiseguency Maximum frequency Maximum frequency
response = 2 kHz response = 4 kHz response = 8 kHz response = 16 kHz response = 32 kHz response = 64 kHz response = 128 kHz  response = 256 kHz
Center Center Cente Center Center Center Center Center
Frequency Frequency Frequency Frequency Frequency Frequency Frequency Frequency
(kHz) (kHz) (kHz) (kHz) (kHz) HE) (kHz) (kHz)
8 16 32 64 128 256 125 1024
32 64 128 256 512 1024 2048
48 96 192 384 768 1536 3072
64 128 256 512 1024 2048
80 160 320 640 1280 2560
96 192 384 768 1536 3072
112 224 448 896 1792 3584
128 256 512 240 2048
144 288 576 521 2304
160 320 640 802 2560
176 352 704 084 2816
192 384 768 365 3072
208 164 832 1664 3328
224 484 896 1792 3584
240 804 960 1920 3840
256 125 1024 2078e constant-bandwidth channel designation shat®&ehannel center
272 445 1088 2176equency in kilohertz and the channel letter éading deviation limit;
288 765 1152 23@dr example, 16A, indicating fc = 16 kHz, deviatilimit of +2 kHz.
304 086 1216 2432
320 406 1280 2560
336 726 1344 2688e indicated maximum frequency is based upon #rdémum theoretical
352 704 1408 2816 response thatbe obtained in a bandwidth between deviatiitsl

specified for the channel. See disomsim appendix B for determining

practical accuracy versus frequencgarse trade offs.

Prior to using a channel outside thed@sed area, the user should verify
the availability of range assets to supthe demodulation of the channel

selected. Very limited support is azhie above 2 MHz.
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TABLE 3-3. REFERENCE SIGNAL USAGE

Reference Frequencies for Tape
Speed and Flutter Compensation

Reference Frequency (kHz +0.01%)

960"
480
240"
200
100
50
25
125
6.25
3.125

If the reference signal is recorded on a sepaapietrack, any of the listed
reference frequencies may be used provided thereagents for compensation

rate of change are satisfied.

If the reference signal is mixed with the datahalgconsideration must be
given to possible problems with intermodulation samd difference frequencies.
Also, sufficient guard band must be allowed betwienreference frequency and

any adjacent data subcatrrier.

These frequencies are for flutter compensation antynot for capstan
servo speed control. In addition, the 240 kHzrezfee signal may be used as a
detranslation frequency in a constant-bandwidtmédr
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CHAPTER 4

PULSE CODE MODULATION STANDARDS

4.1 General

Pulse code modulation (PCM) data are transmitseal serial bit stream of binary-
coded time-division multiplexed words. When PCMrasmitted, premodulation
filtering shall be used to confine the radiateddpEctrum in accordance with appendix
A. These standards define pulse train structudesgstem design characteristics for the
implementation of PCM telemetry formats. Additibmdormation and
recommendations are provided in appendix C andd@ Hocument 119, Telemetry
Applications Handboak

4.2 Class Distinctions and Bit-Oriented Characteritgcs

The PCM formats are divided into two classes ébenence. Serial bit stream
characteristics are described below prior to frame word oriented definitions.

4.2.1 Class | and Class Il Distinction$wo classes of PCM formats are covered in this
chapter: the basic, simpler types are class Itlamdnore complex applications are class
II. The use of any class Il technique requiresccorence of the range involved. All
formats with characteristics described in thesedzteds are class | except those identified
as class Il. The following are examples of clasbaracteristics:

- bit rates greater than 5 megabits per secords{gigparagraph 4.2.2.3)

- word lengths in excess of 16 bits (subparagrapii.1)

- fragmented words (subparagraph 4.3.1.2)

- more than 8192 bits or 1024 words per minor &dsubparagraph 4.3.2.1.1)

- unevenly spaced supercommutation (subparagr&oh.4)

- format changes (paragraph 4.4)

- asynchronous embedded formats (paragraph 4.5)

- tagged data formats (paragraph 4.6)

- formats with data content other than unsignealgtt binary, discretes, or
complement arithmetic representation for negativalmers such as floating
point variables, binary-coded decimal, and gain-aade.

- asynchronous data transmission (paragraph 4.8)

- merger of multiple format types (such as chagjer

— The use of fixed frame formats has been a compnactice but

) NOTE, does not fit all requirements. A verification ahge capabilities
/ should be made prior to incorporation of clasgdtéires into a

R telemetry system.
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4.2.2 Bit-Oriented Definitions and RequiremenBefinitions and requirements
relating to serial PCM bit streams are described.ne

4.2.2.1 Binary Bit Representatioff he following code conventions for representing
serial binary ones and zeros are the only perniésegipresentations:

NRZ-L Big-L
NRZ-M Big-M
NRZ-S Bip-S

Graphic and written descriptions of these conwerstiare shown in figure 4-1.
Only one convention shall be used within a singldv/Fbit stream. If Randomized
NRZ-L (RNRZ-L) is transmitted, it shall use the ib+egeneration pattern as described
in chapter 6 and appendix D.

4.2.2.2 _Serial Bit Stream Transition$he transmitted or recorded bit stream shall be
continuous and shall contain sufficient transititmgnsure bit acquisition and
continued bit synchronization, taking into accotlve binary representation chosen.
(See recommendation in paragraph 1.3, appendix C.)

4.2.2.3 _Bit Rate The RF and recording limits, defined in chapend 6, should be
considered when determining maximum bit rates. mim@mum bit rate shall be 10
bps. Bit rates greater than 5 Mbps are class Il.

4.2.2.4 Bit Rate Accuracy and Stabilitipuring any period of desired data, the bit rate
shall not differ from the specified nominal bitedily more than 0.1 percent of the
nominal rate.

4.2.2.5 Bit Jitter The bit jitter shall not exceed + 0.1 of a bitarval referenced to the
expected transition time with no jitter. The exgeectransition time shall be based on
the measured average bit period as determinedgitimimmediately preceding 1000
bits.

4.3 Fixed Formats

Characteristics of fixed formats are describedWwelFixed formats do not have
changes during transmission with regard to framecgire, word length or location,
commutation sequence, sample interval, or measuntgise

4.3.1 Word-Oriented Definitions and Requirementse following definitions and
requirements are addressed to word characteristics.

4.3.1.1 _Word Length (Class | and.lIndividual words may vary in length from 4 bits
to not more than 16 bits in class | and not moam 4 bits in class II.
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Logic

Code Waveform
Designation Levels Code Waveforms Code Definitions
1 0 1 1 0 0 O 1 1 0 1 0
1 Non Return to Zero - Leve
NRZ-L 0 | | | O0“ONE” is represented by one level
O©“ZEROQ" is represented by the other level
1 Non Return to Zero - Mark
NRZ-M 0 O“ONE” is represented by a change in level

O©“ZERQ" is represented by NGhange in level

Non Return to Zero - Spac
NRZ-S Lo | | | O“ONE” is represented by NGhange in level
O“ZERO” is represented by a change in level

e v

Bi-Phase - LeV&l

Big-L 1 0“ONE” is represented by a “ONE” level with
0 .. transition to the “ZERO” level

O©“ZERO” is represented by a “ZERO” level with tratien to
the “ONE” level

Bi-Phase - M&rk

Bi(p-l\/l(z) 1 r ’7 I]“(_)NE”_ is represented by N@vel change at the beginning o
0 ... the bit period

O©“ZERO” is represented by a level change at théninégg of
the bit period

Bi-Phase - Spfte

Bi(p-S(z) 1= _ D“O_NE” is represented by a level change at the begmof the
0 ... bit period

O©“ZERO” is represented by a NiBvel change at the beginnir
of the bit period

Figure 4-1. PCM code definitions.

(1) The Bipcodes may be derived from the corresponding NRIgedy inverting the level for the last half of ledit interval.

(2) The definitions of the mark and space versifrthe bi-phase code have been reversed in vagditisns of the IRIG Telemetry Standardehe Telemetry Group included both
definitions in the 1986 and 1993 versions of thieffetry Standardsin 106-96, the Telemetry Group replaced the 98®ip-M and Bip-S definitions with the 106-93 DBiS and DBip-M
definitions. The 106-93 BiM and DBip-S definitions were identical except for a possibigersion and a time delay of one-half bit peridte Bip-S and DBg-M codes were identical with
the same exceptions. The inversions do not chidwegeata content, because the information is inethed changes (transitions) not the levels. Thierintial terminology and code
designation have been dropped.




4.3.1.2 _Fragmented Words (Class IA fragmented word is defined as a word divided
into no more than eight segments and placed imwsadocations within a minor frame.
The locations need not be adjacent. All word sedsesed to form a data word are
constrained to the boundaries of a single minan&a Fragmented synchronization
words are not allowed.

4.3.1.3 _Bit Numbering To provide consistent notation, the most sigaifit bit in a
word shall be numbered "one." Less significard bltall be numbered sequentially
within the word.

4.3.1.4 Word NumberingTo provide consistent notation, the first wofathe minor
frame synchronization pattern shall be numbere@"¢see figure 4-2). Each
subsequent word shall be numbered sequentiallyritie minor frame. Numbering
within a subframe (see subparagraph 4.3.2.3.1) sedbne" for the word in the same
minor frame as the initial counter value for subfeasynchronization and sequentially
thereafter. Notations of W and S shall mean thedd position in the minor frame
and S word position in the subframe.

4.3.2 Frame StructureThe PCM data shall be formatted into fixed lénfgames as
defined in these sections regarding frame stru@ncdkin figure 4-2. Frames shall
contain a fixed number of equal duration bit intdsv

4.3.2.1 _Minor Frame The minor frame is defined as the data strudtutene sequence
from the beginning of a minor frame synchronizafuattern to the beginning of the
next minor frame synchronization pattern.

4.3.2.1.1_Minor Frame Length (Class | and Mhe minor frame length is the number of
bit intervals from the beginning of the frame syrehzation pattern to the beginning of the
next synchronization pattern. The maximum lendth minor frame shall neither exceed
8192 bits nor 1024 words in class | and shall xoeed 16 384 bits in class II.

4.3.2.1.2 _Minor Frame Compositiodhe minor frame shall contain the minor frame
synchronization pattern, data words, and subframetsonization words, if used. Words
of different length may be multiplexed in a singleor frame. The length of a word in
any identified word position within a minor framieadl be constant. Other words such as
frame format identifiers may be needed within clagsrmats (see paragraph 4.4).

4.3.2.1.3_Minor Frame Synchronizatiomhe minor frame synchronization information
shall consist of a fixed digital word not longeath33 consecutive bits and not shorter than
16 bits. Recommended synchronization patterngiges in table C-1, appendix C.

4.3.2.1.4 _Transmitted Frame Countdhe frame counter provides a natural binary toun
corresponding to the minor frame number in whighftlame count word appears. Itis
recommended that such a counter be included mialbr frames whether class | or class
Il and is especially desirable in class Il formatgssist with data processing. The
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MINOR FRAME LENGTH “N” WORDS OR “B” BITS
MAX LENGTH
< CLASS |- 8192 BITS OR 1024 WORDS———
CLASS Il - 16 384 BITS

MINOR FRAME SYNC 1 2 ék (W,1) gg N-1

/

MAJOR FRAME

(WS

MINOR FRAME SYNC| 1 2 §§ (W,2) % N-1

* BY DEFINITION A MAJOR FRAME CONTAINS N*Z WORDS ORB*Z BITS
“Z2” = THE NUMBER OF WORDS IN LONGEST SUBFRAMEMAX. 256)
“N” = THE NUMBER OF WORDS IN MINOR FRAME.

“B” = THE NUMBER OF BITS IN MINOR FRAME.

MINOR FRAME SYNC IS CONSIDERED ONE WORD, REGARDBIS OF LENGTH
“W” IS WORD POSITION IN THE MINOR FRAME
“S” 1S WORD POSITION IN THE SUBFRAME

Figure 4-2. PCM frame structure.

frame counter should be of nominal format word terand reset to start upcounting
again after reaching maximum value. In formatsnelsibcommutation is present, the
subframe ID counter may serve as the frame counter.
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4.3.2.2 _Major FrameA major frame contains the number of minor framequired to
include one sample of every parameter in the format

4.3.2.2.1_Major Frame LengttMajor frame length is defined as minor framegtn(N
words or B bits) multiplied by the number of mirficames (Z) in the major frame. The
maximum number of minor frames per major framelsiatl exceed 256.

4.3.2.2.2 _Minor Frame Numbering o provide consistent notation, the first minor
frame in a major frame shall be numbered "one.thEubsequent minor frame shall be
numbered sequentially within the major frame.

4.3.2.3 _SubcommutatiorSubcommutation is defined as a sampling of patars at
submultiple rates (1/D) of the minor frame rate vehidne depth of a subframe, D, is an
integer in the range of 2 to Z.

4.3.2.3.1_SubframeSubframe is defined as one cycle of the parasmétem a
subcommutated minor frame word position. The depthof a subframe is the number
of minor frames in one cycle before repetition.

4.3.2.3.2_Subframe Synchronization Methdthe standard method for subframe
synchronization is to use a "subframe ID count@hinary counter which counts
sequentially up or down at the minor frame ratée €ounter shall be located in a fixed
position in each and every minor frame. A subfrabveounter should start with the
minimum counter value when counting up or the maxmcounter value when
counting down. The counter should also be lefigit justified in a word position.

The start of a major frame shall coincide with ithigal count for the deepest subframe.

4.3.2.4 _SupercommutatiorSupercommutation ("supercom”) is defined as{ime
division-multiplex sampling at a rate which is altiple of the minor frame rate.
Supercommutation (on a minor frame) provides midtgamples of the same parameter
in each minor frame. "Supercom on a subframe&fsdd as time-division-multiplex
sampling at a rate which is a multiple of the saivfe rate and provides multiple
samples of the same parameter within a subframecl&ss |, supercommutated
samples shall be evenly spaced. For class llreapenutated samples should be as
evenly spaced as practical.

4.4 Format Change (Class II)

Format change is defined as change with regafrétoe structure, word length or
location, commutation sequence, sample intervathange in measurement list.
Format changes shall occur only on minor frame daues. Bit synchronization shall
be maintained and fill bits used instead of intméi dead periods. Format changes are
inherently disruptive to test data processing;dik@mat methods are preferred.
Format change methods shall conform to the charsitts described in the following
sections.
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4.4.1 Frame Format IdentificatiorA frame format identifier (FFI) is a word thdtadl
uniquely identify a single format. In formats whahange is required, the frame format
identifier shall be placed in every minor frameheTormat identifier shall be the same
length (or multiples of) as the most common wordyté in the format and shall occur

in a fixed position in the minor frame. The FFalhdentify the format applicable to

the current minor frame. Frame synchronizatiomepat FFI location, bit rate, and
binary bit representation code shall not be chan@édw FFI shall be constructed such
that a single bit error cannot produce anothedviakl. The number of unique formats
indicated shall not exceed 16.

4.4.2 Format Change Implementation Methodike following subparagraphs describe
format change implementation methods.

4.4.2.1 Measurement List Changgéhis method of format change consists of a
modification in data content only and not formatisture.

4.4.2.2 Format Structure Changeefined as a format change where there is a
departure in frame structure and not just dataecdnt

4.5 Asynchronous Embedded Format (Class Il)

Defined as a secondary data stream asynchronenddgdded into a host major
frame in a manner which does not allow predictimglbcation of embedded
synchronization information based only on host fartiming. The embedded frame
segments shall be inserted as an integral numheowfs in every host minor frame. In
this combined format, specific word positions ie tiost minor frame shall be dedicated
to the embedded asynchronous format. No moretthamsynchronous embedded
formats are permitted.

4.6 Tagged Data Format (Class Il)

Defined as a fixed frame length format havingapplicable subframe or major
frame definitions and characterized as a streadataf words, or blocks of words, with
associated identifiers (tags). These formats sboiframe synchronization patterns,
identifiers, data words, and fill words as required

4.6.1 Alternating Tag and Dat& his tagged data format consists of frames coinig
tag words alternating in time sequence with dated&or blocks of words identified by
the tags.

4.6.2 Bus Data Military Standard (MIL-STD) 1553Telemetering of MIL-STD 1553
information is preferred to be restructured to comf to class | methods. If not,
telemetered MIL-STD 1553 data shall conform to ¢bep, paragraph 8.6.

!Defined in USAF Systems Command MIL-STD 1553, Mtk Applications
Handbook
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47 Time Words

The following paragraphs describe the formattifiggnoe words within a PCM
stream. A 16-bit standardized time word format amdethod to insert time words into
PCM word sizes other than 16-bits are described.

4.7.1 In 16-bit standardized time word formatyéhghall be three words dedicated to
providing timing information. These words are desited high order time, low order
time, and microsecond time. High and low ordetetiwords shall be binary or binary
coded decimal (BCD) weighted, and microsecond wehddl be binary weighted.
Time word construction examples are shown in figls®eand figure 4-4.

4.7.2 The microsecond time word shall have a wmigml of 1 microsecond; that is, the
least significant bit, bit 16, has a value of 0.000 second. This word shall increment
until it attains a value of 10 milliseconds at whiame it will reset to zero. Thus the
maximum value of the counter is 9999 (decimal).

4.7.3 The low order time word shall have a resotubf 10 milliseconds; that is, the
least significant bit, bit 16, of the low order Bnwvord shall have a value of 0.010
second.

4.7.4 The high order time word shall have a rasmiuf 655.36 seconds when binary
weighted; that is, the least significant bit, it has a value of 655.36 seconds. When
BCD weighted, the least significant bit, bit 16,tleé high order time word shall have a
value of 1 minute. For BCD, the days field shalhtin the three least significant
characters of the BCD Julian Date.

4.7.5 Itis recommended that high, low, and miecasid time words proceed the first
data word in the minor frame. The time word orsleall be high order time word,
followed by low order time word, followed by micexsond time word. Microsecond
time words may be used to tag individual data wdods care shall be taken that high
order and low order time words be inserted at@matessary to resolve time
ambiguities.

4.7.6 Time word insertion into PCM word sizes otlen 16 bits shall be as follows:
high order, low order, and microsecond time wottsdlde inserted into PCM words
with time word bits occupying contiguous bit locats in the PCM word. The time
word shall occupy contiguous PCM data words uh@ltime word is contained in the
PCM stream. If the time word size is not an integeltiple of the PCM word size and
there are unused bits in the PCM word, the remgininused bits in the last PCM word
that contains the time word shall be fill bits withlue 0. Figure 4.4 illustrates the
insertion of time words into a PCM stream with werze of 12 bits.
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HIGH ORDER TIME

6 7 8 9 10 11 12 13 145 16

(BCD WEIGHTING) 1 DAY —J 10 HR—
(BINARY WEIGHTING)

1 HR— voN — 1MIN —
655.36 SEC —

LOW ORDER TIME

0O O

(BCD WEIGHTING) 02 10 SEC_
(BINARY WEIGHTING)

1SEC__ 0.1 SEC | 0.01 SEC_
0.010 SEC 1

MICROSECOND TIME

(BINARY WEIGHTING)

1 MICROSECOND )

Figure 4-3. 16 bit standardized time word format.
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(BCD)
(BINARY)

(BCD)
(BINARY)

HIGH ORDER TIME

PCM WORD N I PCM WORD N+t
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
ALL ZERO FILLER
1 DAY 10HR 1HR— 10 MIN— 1 MIN —J
655.36 SEC

PCM WORD N+2

LOW ORDER TIME

PCM WORD N+3

L

ALL ZERO FILLER

04 10SEC_, 1SEC l

PCM WORD N+4

0.1 SEC l

0.01 SEC
0.01 SEC_L

MICROSECOND TIME

PCM WORD N+5

ALL ZERO FILLER

1 MICROSECOND |

Figure 4-4. Time word insertion into 12 bit PQWrd size.




4.7.6 Time word insertion into PCM word sizes ottian 16 bits shall be as follows:
high order, low order, and microsecond time wottsdlde inserted into PCM words
with time word bits occupying contiguous bit locats in the PCM word. The time
word shall occupy contiguous PCM data words uhgltime word is contained in the
PCM stream. If the time word size is not an integeltiple of the PCM word size and
there are unused bits in the PCM word, the remginimused bits in the last PCM word
that contains the time word shall be fill bits withlue 0. Figure 4.4 illustrates the
insertion of time words into a PCM stream with weize of 12 bits.

4.8 Asynchronous Data Merge

Asynchronous data is defined as an external séiqudata stream (consisting of
data bits, associated overhead, and optional pafitgt an autonomous update rate)
which is a candidate for insertion into a primarylwst” PCM format. Common
examples are RS-232 serial and IEEE-488 parallsbages. Each source of such data
shall use fixed word positions in the host formahis section does not apply to
secondary PCM formats which are to be embeddedssitled in paragraph 4.5.
Merger shall comply with subparagraph 4.2.2 andalewing conventions.

4.8.1 PCM Data Word Formafigure 4-5 illustrates the host PCM format word
containing a merged asynchronous data word andiasst overhead which is referred
to as an “asynchronous word structure.” The datg be inserted in any length PCM
word that will accommodate the required bits. A$yoaous data shall not be placed in
fragmented words. Multiple host PCM format worifisised, shall be contiguous.

4.8.2 Insertion Procesd he asynchronous word structure shall contarirtformation

from the asynchronous message partitioned intdiglas, data and overhead, as shown in
figure 4-5. The asynchronous message is insamntedhe asynchronous word structure
with the following bit orientations. The most sifigant data bit (MSB) through least
significant data bit (LSB) and parity (if used)tbé message are denoted as D1 (MSB)
through Di and will be inserted into structure Bts (MSB) through Bi. The next two
structure bits, B(i+1) and B(i+2) are reservedtfer stale and overflow flags generated by
the host encoder. All remaining overhead (mesaadehost encoder generated) D(i+3)
through Dn (LSB), will be inserted into structuiiestB(i+3) through Bn (LSB).

4.8.2.1 Transmission Overheadll transmission overhead not required for data
reconstruction shall be removed.

4.8.2.2 Parity Bit Transmission of a parity bit is optional. listtransmitted, it shall be
at the end of the data field (see figure 4-5) eatjato the LSB of the data.

4.8.2.3 _Data Bits The data bits shall be inserted into the PCMdweith the most significant
bit of the asynchronous data aligned with the rsa@gtificant bit of the PCM word.
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(MSB) (LSB)
BL B2 ** * Bi  B(+l) B(@+2) B(+3) *** Bn
DI [D2 [** * |Di [D(+1) [D@+2) [D@+3) [*** |Dn
DATA (MSB) - DATA (LSB) |STALE | OVER | ALL REMAINING
PLUS OPTIONAL PARITY: FLOW | OVERHEAD
D1 = DATA (MSB) Dn = (LSB)
Di = DATA (LSB) FOR

NO PARITY
Di = PARITY WHEN

USED
l—— DATA FIELD o OVERHEAD FIELB—

Figure 4-5. Asynchronous word structure.

4.8.2.4 Stale Data Bit A “stale data bit” flag shall be generated eticte a new data
value is inserted into the PCM stream. The flagidbe transmitted with the associated
data. The flag bit shall be placed in the nexs kgnificant bit location following the
LSB of the data. If new data is not ready for srarssion by the time the PCM word
must be sent again, either the old data or altexpane/zero fill shall be sent and the
flag set. Stale data shall be indicated by a it@me” (see figure 4-6).

STALE OVERFLOW
BIT BIT
0 0 FRESH DATA
0 1 DATA OVERFLOW
1 0 STALE DATA
1 1 USER DEFINED

Figure 4-6. Overhead truth table.

4.8.2.5 _Overflow Bit An “overflow bit” flag shall be generated to indte an abnormal
condition in which data may be lost. The overfloivshall be placed in the next less
significant data bit location following the stali thag. An overflow bit at a binary “one”
indicates that a data discontinuity exists betw&ercurrent data word and the previous data
word (see figure 4-6).

4.8.2.6 _Insertion RateThe asynchronous word structure shall be indent® the host
PCM word at a rate to avoid data loss in the PQiglsh.
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CHAPTER 5

DIGITIZED AUDIO TELEMETRY STANDARD

5.1 General

This chapter defines Continuous Variable Slopad>@VSD) modulation as the
standard for digitizing audio and addresses thdaaeof inserting CVSD encoded
audio into a PCM stream. Additional informatiordaecommendations are provided in
appendix F, Continuous Variable Slope Delta Modaoiat Appendix F was extracted
from the applicable sections of MIL-STD-188-113.

5.2 Definitions
For the purpose of this standard, the followinfjrgisons apply.
5.2.1 Band-Limited Audio An audio signal (typically consisting of voidenes, and

sounds) that is limited to a subset of the audexspm. For most aircraft audio
applications, the spectrum between 100 and 2302 seadequate.

5.2.2 Continuous Variable Slope Delta Modulatidrhe CVSD modulation is a

method of digitizing a band-limited audio signdlhe CVSD modulator is, in essence, a
1-bit analog-to-digital converter. The output loist1-bit encoder is a serial bit stream,
where each bit represents an incremental increagecoease in signal amplitude and is
determined as a function of recent sample history.

5.3 Signal Source

The signal to be encoded shall be a band-limiteticesignal. The source of this
signal may be varied. Some examples are microgh@eemunication systems, and
tones from warning systems. This standard apmiesidio signals only

5.4 Encoding/Decoding Technigue

The technique to encode and decode the band-lirautdb signal is Continuous
Variable Slope Delta (CVSD) modulation. This teicjue is to be implemented in
accordance with appendix F.

A CVSD converter consists of an encoder-decoder Jde decoder is connected
in a feedback path. The encoder receives a bamtedl audio signal and compares it to
the analog output of the decoder. The result®fctmparison is a serial string of
"ones" and "zeros." Each bit indicates that thedblanited audio sample's amplitude is
above or below the decoded signal. When a ruhregtidentical bits is encountered,
the slope of the generated analog approximatiarcreased in its respective direction
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until the identical string of bits is broken. TG®SD decoder performs the inverse
operation of the encoder and regenerates the aighal.

5.5 CVSD Encoder Output Bit Rate (CVSD Bit Rate)

The CVSD bit rate for encoding the band-limitedliawsignal is a function of the
desired audio quality and the PCM format charasties. The minimum and maximum
CVSD bit rates will not be specified.

%NOTE A qualitative test of CVSD with a tactical a@ftrintercom system (ICS

yielded the followingsults:
- (1) intelligible, robotic sounding audio at Rifbbits/second; (2) good
quality audio at 16 kilobits/second; and (3) augli@lity did not significantly improve as
the bit rate was increased above 32 kilobits/second

Appendix F contains performance criteria for théSD encoder and decoder
when operated at 16 or 32 kilobits/second.

5.6 CVSD Word Structure

The digitized audio signal from the CVSD encodsesal output shall be inserted into the
PCM stream as shown in figure 5-1. The most Sicanitt bit (MSB) shall be the most stale

sample (first in). The least significant bit (LS&)all be the most recent sample (last in).

Figure 5-1. Insertion of CVSD encoded audio m#®CM stream.

MOST STALE CVSD SERIAL OUTPUT STREAM MOST RECENT
SAMPLE SAMPLE
— s-2| s-1 s S+] e s+(n1)  s+h  s+(n+l)«—
/ n-BIT CVSD WORD \
SAMPLE | SAMPLE SAMPLE
S s+1 s > S+(n-1)
MSB LSB
| - PCM WORD - |

5.7 CVSD Word Sample Rate

The CVSD word sample rate is dependent on thenmimi desired CVSD bit rate,
the PCM word length, and the PCM word sample r&@&ece the CVSD word sample
rate is determined, the actual CVSD bit rate caoabeulated. The decoder must be run
at the same CVSD bit rate as the encoder.

(/
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Because of the nature of CVSD encoding, anerunder sampling
of the CVSD output will have unpredictableults

¢ To simplify the reconstruction of the audio sigaatl minimize
{NOI‘E/ all encoding/decoding delays, it is STRONGLY recoemded that

the digitized audio words be inserted in the PCidash at evenly
spaced intervals.

5.8 CVSD Bit Rate Determination

The following discussion provides a proceduredetermining the CVSD bit rate
based on the desired minimum CVSD bit rate andmndébion given in the host PCM
format. Note that this procedure assumes the CW8Ids are inserted in a class | PCM
format with constant word widths and are not subcotated. The CVSD bit rate can be
obtained by multiplying the minor frame rate by thember of times the CVSD words
appear in the minor frame by the word width usedtie CVSD words in the minor
frame. This relationship is expressed in equateh).

CVSD BIT RATE = MINOR FRAME RATE + #CVSD WORDS PER MINOF FRAME « WORD WIDTH (5-1)

Knowing the details on the host PCM format, eaqura{b-1) contains two
unknowns: CVSD BIT RATE and #CVSD WORDS PER MINGRAME. One of
these unknowns must be chosen by the user, thasttteeone can be calculated. The
recommended procedure is to choose the de@aeget value) CVSD bit rate and solve
equation (5-1) for #CVSD WORDS PER MINOR FRAME. i relationship is
expressed in equation (5-2).

DESIREDCVSDBIT RATE (5-2)

#CVSD WORDSPERMINOR FRAME - jated™
MINOR FRAME RATE+ WORDWIDTH

Next, round up (if required) the result of equat(6-2) to the nearest integer. To
satisfy the evenly spaced recommendation, roun@ vequired) to the nearest integer
that divides evenly into the number of PCM wordsméor frame.

Finally, for either case, substitute the resuke@fiation (5-2) back into equation
(5-1) to determine the actu@VSD bit rate. To illustrate this procedure, adesthe
following numerical example for determining the Q¥ 8it rate. An existing PCM
format has the following characteristics:
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Bit rate = 192 000 bits/second
Word width = 12 bits/word

Minor frame rate = 100 frames/second
Words per minor frame = 160 words/minor frame

To insert a serial CVSD bit stream with a des{tadyet value), CVSD bit rate of
16 000 bits/second will require the following prdoee. Based on the information
given, use equation (5-2) to calculate the #CVSDRIS PER MINOR FRAME.

DESIRED CVSD BIT RATE

MINOR FRAME RATE « WORD WIDTH
16 000 bits/sec)

100 (frames/sec) « 12 bits/word )

#CVSD WORDS PER MINOR FRAME. | cuLaten =

#CVSD WORDS PER MINOR FRAME.,, culaten =

#CVSD WORDS PER MINOR FRAME 5 cyiarep = 13.84ords/ frame)

Rounding up the #CVSD WORDS PER MINOR FRAME to tlearest integer
yields 14. In this example, there are 160 PCM wandhe minor frame. If the user
needs to satisfy the evenly spaced criteria, tlygndpection, the #CVSD WORDS
PER MINOR FRAME will be rounded up to 16. For campon, both cases will be
substituted into equation (5-1) to yield the ac@O®ISD bit rate.

CASE 1: (unevenly spaced CVSD samples, NOT RECEWMED)
#CVSD WORDS PER MINOR FRAME 5 cyiatep = 14nords/ frame)

CVSD BIT RATE = MINOR FRAME RATE « #CVSD WORDSPER MINOF FRAME « WORD WIDTH

CVSD BIT RATE ,.;ya. = 100 (rames/sec) » 14\ords/ frame) s  120fts/word )

CVSD BIT RATE pcry, = 16 800fits/sec)

CASE 2: (evenly spaced samples, RECOMMENDED)

#CVSD WORDS PER MINOR FRAME,, carep = 16a0rds/ frame)

CVSD BIT RATE = MINOR FRAME RATE « #CVSD WORD{PER MINOF FRAME « WORD WIDTH

CVSD BIT RATE pcrya, = 100 frames/sec) » 16\ords/ frame) «  12bjts/word )

CVSDBIT RATE pcqya =19 200 (bits/sed
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