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CHANGES TO THIS EDITION
Because there were so many changes to Chaplear&mitter and Receiver
SystemsAppendix-A,Frequency Considerations for Telemearyd Chapter 9elemetry
Attributes Transfer Standard (TMAT®)e entire sections of the first two and the
designated sections of the later were labeled thigH'change” icon shown below.

New sections have been added and are marked witiiNegw” icon shown below.
The new sections include the following:

« Chapter 6, Section 1&ecorder Command and Control Mnemonics (CCM)
« Chapter 1050lid State On-Board Recorder Standard

» Appendix-M,Properties of the Differential Encoder SpecifiedRIiG
Standard 106 For Offset Quadrature Phase Shift KgpyDQPSK)
Modulations

Additions and changes to this document are notédthe following icons:
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PREFACE

The IRIG-106 Telemetry Standards document is noklighed in two parts. Part |
contains the more familiar information and standatdét have been evolved over the years. Part
Il is devoted to the standards associated wittpthsent technological evolution/ revolution in
the telemetry networks area.

It is important to note that Part Il is a “workpnogress.” The newly formed Telemetry
Networks Committee, within the Telemetry Groupcusrently reviewing Part Il to determine if
it is appropriately structured to guide the impletagion of telemetry network technology at
member ranges. The findings may result in significgodates and revisions to Part Il in future
releases of IRIG-106.

The Telemetry Group of the Range Commanders Cobasibprepared this document to
foster the compatibility of telemetry transmittimgceiving, and signal-processing equipment at
the member ranges. The range commanders highlynreead that telemetry equipment
operated by the ranges and telemetry equipmentinggdgrams that require range support
conform to these standards.

These standards do not necessarily define tharexisapability of any test range, but
constitute a guide for the orderly implementatiétetemetry systems for both ranges and range
users. The scope of capabilities attainable wighuse of these standards requires a careful
consideration of tradeoffs. Guidance concerniaddoffs is provided in the text.

These standards provide the necessary criterishichwo base equipment design and
modification. The ultimate purpose is to ensufiieht spectrum utilization, interference free
operation, interoperability between ranges, andpaiibility of range user equipment with the
ranges.

This standard, published in two parts, is complesby a companion series, RCC
Document 118Test Methods for Telemetry Systems and SubsystethRCC Document 119,
Telemetry Applications Handbook

The policy of the Telemetry Group is to updatetdiemetry standards and test methods
as required being consistent with advances inttite sf the art. To determine the current
revision status, contact the RCC Secretariat.

Secretariat, Range Commanders Council
CSTE-DTC-WS-RCC

100 Headquarters Avenue

White Sands Missile Range, New Mexico 88002-5110

TELEPHONE: (505) 678-1107
DSN 258-1107
EMAIL rcc@wsmr.army.mil
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ac alternating current
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XiX



DBc
dBm
dc
DCAC
DIBITS
DLN
DoD
DPOC
DS
DsSI
DSB
DSV
DW

ECC
EDAC
ENR
EOD
EOF
EOM
EIRP

FC
FCC
FDM
FET
FFI

FIR

FM
FMG
FQPSK
FS

fsc
FTPMM

GF
GPS
GIT

HDD
HDDR
HE
HR
HW

C-weighted sound level

decibels referenced to 1 milliwatt
direct current

direct current or alternating current
digital in-band interswitch trunk signaling
data link name

Department of Defense

dubbing organization point of contact
data synchronization/sync

data source ID

double sideband

digital sum variation

data words

error correction code

error detection and correction
excess noise ratio

end of data

end of file

end of media

effective isotropic radiated power

Fibre Channel

Federal Communications Commission
frequency division multiplex

field effect transistor

frame format identification/identifier
finite impulse response

frequency modulation
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MOD
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MSCT
MSK
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identification

intermediate frequency

intermodulation

intermodulation distortion

intercept point

inches per second

Interdepartmental Radio Advisory Committee
Interrange Instrumentation Group
International Standards Organization
interchannel time displacement error
International Telecommunications Union

kilohertz
kiloseconds

left subchannel over range

logical beginning of tape

logical end of tape

line feed

last in first out

local oscillator or longitudinal
logarithm

low pass filter

least significant bit of a series of bits
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Military Agency fr Standardization

master clock

Military Communications-Electronics Board
master clock source
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manual gain control

megahertz

military standard

modulating

millimeter
magnetic media laboratory

most significant bit of a series of bits
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NADSI NATO Advanced Data Storage Interface
NATO North Atlantic Treaty Organization
NNT notch noise test
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NPRF noise power ratio floor

NRZ non-return-to-zero
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NTIA National Telecommunications and Informatiddministration
OQPSK offset quadrature phase shift keying
PAM pulse-amplitude modulation
PAR/PARA parallel

PB principal block
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PEOT physical end of tape
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PRL parallel

PRN pseudo random noise

PSD power spectral density
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R bit rate

RAOR right subchannel over range

RCC Range Commanders Council

RF radio frequency

RH relative humidity

RMM removable memory module

rms root mean square

RNRz randomized non-return-to-zero
RNRZ-L randomized non-return-to-zero-level
RO rotary

RS Reed-Solomon
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CHAPTER 1

INTRODUCTION
PART |

Part | of the Telemetry Standards addresses tleetbatate conventional methods,
techniques, and practices affiliated with aeromalitelemetry applicable to the member
RCC ranges. Part | is composed of ten chaptets,asich devoted to a different element of
the telemetry system or process.

Reference documents are identified at the pointference. Commonly used terms are
defined in standard reference glossaries and daties. Definitions of terms with special
applications are included when the term first appegenerally in the front sections of individual
chapters. Radio frequency terms are defined itvidueual of Regulations and Procedures for
Federal Radio Frequency Manageme@opies of that manual may be obtained from:

Executive Secretary, Interdepartmental Radio Adyi€ommittee (IRAC)

U.S. Department of Commerce, National Telecommuioies.and Information
Administration (NTIA)

Room 1605, HCHB Building

14" and Constitution Avenue, N.W.

Washington, D.C. 20230
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CHAPTER 2
TRANSMITTER AND RECEIVER SYSTEMS
2.1 Radio Frequency Standards for Telemetry

These standards provide the criterieeteriine equipment and frequency use
requirements and are intended to ensure efficiethtrsterference-free use of the radio frequency
spectrum. These standards also provide a comragrefvork for sharing data and providing
support for test operations between ranges. The feajuency spectrum is a limited natural
resource; therefore, efficient use of availablectpen is mandatory. In addition, susceptibility
to interference must be minimized. Systems nofaraming to these standards require
justification upon application for frequency alltica, and the use of such systems is highly
discouraged. The standards contained herein aireeddrom the National Telecommunications
and Information Administration's (NTIA) Manual oeBulations and Procedures for Federal
Radio Frequency Management; $g://www.ntia.doc.gov/osmhome/redbook/redbooklhtm

2.2 Definitions

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

Assignment (of a Radio Frequency (RF) or Radig&eaicy Channel (REC))
Authorization given by an administration, for aimdtation to use a radio frequency or radio
frequency channel under specified conditions.

Authorization Permission to use a RF or RFC channel undeifsgbconditions.

Occupied Bandwidth The width of a frequency band such that belasdver and
above the upper frequency limits, the mean powsitted are each equal to a specified
percentage of the total mean power of a given eéamisdJnless otherwise specified by the
International Telecommunication Union (ITU) for tappropriate class of emission, the
specified percentage shall be 0.5 percent. Thepied bandwidth is also called the 99-percent
power bandwidth in this document.

Primary Service A service that has full rights in a band of fregcies and can claim
protection from harmful interference from othensess.

! The definitions of the radio services that camperated within certain frequency bands containetié radio
regulations as agreed to by the member nationtsedfternational Telecommunications Union. Thiddas
maintained in the United States by the Federal Conications Commission and the NTIA.



Secondary ServiceService that can be obtained on a noninterfereperation basis
with primary service users. Stations of a secondarvice shall not cause harmful interference
to stations of a primary service and cannot claiatgetion from interference from stations of a
primary service; however, they can claim protecfrmm harmful interference from other
secondary stations to which frequencies were asdigha later date.

2.3 UHF Bands

The bands used for telemetry are described uneffias the lower-L band from 1435 to
1535 MHz, the lower-S band from 2200 to 2290 MHg] ¢he upper-S band from 2310 to 2395
MHz (see Tabl@-1). The 1755 to 1850 MHz band (unofficially called “\gpg -band”) can also
be used for telemetry at many test ranges althdugmot listed in the NTIA Table of
Allocations explicitly as a telemetry band. Thehit® service is a primary service in the 1755 to
1850 MHz band and telemetry is a part of the maodsierice Sincethe 1755-1850 MHz band
not considered a standard telemetry band per tlusrdent, potential users must coordénan
advanceyith the individual range(s) and ensure use ofihisd can be supported at the subject
range and that it will meet their technical regoients. While these band designations are
common in telemetry parlance, they may have noiip@eeaning to anyone else. Telemetry
assignments are made for testintganned and unmanned aircraft, for missiles, facggand
and sedest vehicles, and for rocket sleds and systemigdeon such sleds. Telemetry
assignments are also made for testing major conmpeié the systems shown above.

TABLE 2-1. TELEMETRY FREQUENCY ALLOCATIONS
FREQUENCY RANGE UNOFFICIAL
(MHz) DESIGNATION COMMENTS

1435-1525 Lower L-band Telemetry primary servicar{(jpf
mobile service) in USA

1525-1535 Lower L-band Mobile satellite service @) Primary
service, telemetry secondary service i
USA

2200-2290 Lower S-band Telemetry co-primary serinddSA

2310-2360 Upper S-band Wireless Communicationsi&erv
(WCS) and broadcasting-satellite
(sound) service (BSS) primary servicesg,
telemetry secondary service in USA

2360-2390 Upper S-band Telemetry primary servidd S

%A telemetry system as defined here is not criticahe operational (tactical) function of the syste
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2.3.1 _Allocation of the lower-L Band (1435 to 19851z). This band is allocated in the
United States of America and its possessions feegonent and nongovernmental aeronautical
telemetry use on a shared basis. The AerospacEl@hd Test Radio Coordinating Council
(AFTRCC) coordinates the non-governmental useisflihnd. The frequencies in this range
will be assigned for aeronautical telemetry andeissed remote-control operatidrfsr testing

of manned or unmanned aircraft, missiles, roclessland other vehicles or their major
components. Authorized usage includes telemesgaated with launching and reentry into the
earth's atmosphere as well as any incidental ogpjirior to reentry of manned or unmanned
vehicles undergoing flight tests. The followingduencies are shared with flight telemetering
mobile stations: 1444.5, 1453.5, 1501.5, 1515.241% and 1525.5 MHz.

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

2.3.1.2 1525 to 1530 MHZThe 1525 to 1530 MHz band was reallocated al 82 World
Administrative Radio Conference (WARC-92). The iimisatellite service is now a primary
service in this band. The mobile service, whiatiudes aeronautical telemetry, is now a
secondary service in this band.

2.3.1.3_1530 to 1535 MHZThe maritime mobile-satellite service is a priynservice in the
frequency band from 1530 to 1535 MHzThe mobile service (including aeronautical tedény)
is a secondary service in this band.

2.3.2 _Allocation of the lower-S Band (2200 to 23@Bz). No provision is made in this band
for the flight-testing of manned aircraft.

2.3.2.1 2200 to 2290 MHzThese frequencies are shared equally by thetiStates
Government's fixed, mobile, space research, spaeeation, and the Earth exploration-satellite
services. These frequencies include telemetrycégsd with launch vehicles, missiles, upper
atmosphere research rockets, and space vehickslless of their trajectories.

2.3.2.2 2290 to 2300 MHZzAllocations in this range are for the spaceasseservice (deep
space only) on a shared basis with the fixed anlilm@except aeronautical mobile) services.

2.3.3 _Allocation of the Upper S Band (2310 to 2888z). This band is allocated to the fixed,
mobile, radiolocation, and broadcasting-sateliteviges in the United States of America.
Government and nongovernmental telemetry usere sharband in a manner similar to that of
the L band. Telemetry assignments are made fyhtfliesting of manned or unmanned aircraft,
missiles, space vehicles, or their major components

2.3.3.1 2310 to 2360 MHZThese frequencies have been reallocated andauet®ned by the
Federal Communications Commission in April 199 he Wireless Communications Service is
the primary service in the frequencies 2305-2320zMHd 2345-2360 MHz. The broadcasting-
satellite (sound) service is the primary servictha2320-2345 MHz band. In the band

*The word used for remote control operations in Ittsisd istelecommand
4 Reallocated as of 1 January 1990.
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2320-2345 MHz, the mobile and radiolocation seiwiaee allocated on a primary basis until a
broadcasting-satellite (sound) service has beeughtanto use in such a manner as to affect or
be affected by the mobile and radiolocation ses/inghose service areas

2.3.3.2 2360 to 2390 MHZThe Mobile Service (including aeronautical teétry) is a primary
service in this bandThe status of 2390-2395 MHz is in the procedseniqg finalized The
latest version has these frequencies being madiafleafor telemetry applications.

2.4 UHF Telemetry Transmitter Systems

Telemetry requirements for air, space, and graystems are accommodated in the
appropriate UHF bands 1435 to 1535, 2200 to 23882810 to 2390 MHz as described in
paragraph 2.3.

2.4.1 Center Frequency Tolerancénless otherwise dictated by a particular aggilbn, the
frequency tolerance for a telemetry transmittetl $f&a+0.002 percent of the transmitter's
assigned center frequency. Transmitter desigrisadrarol transient frequency errors
associated with startup and power interruptionaririg the first second after turn-on, the
transmitter output frequency shall be within theugied bandwidth of the modulated signal at
any time when the transmitter output power exce2fsIBm. Between 1 and 5 seconds after
initial turn-on, the transmitter frequency shalinan within twice the specified limits for the
assigned radio frequency. After 5 seconds, thedata frequency tolerance is applicable for any
and all operations where the transmitter power whip-25 dBm or greater (or produces a field
strength greater than 32%/meter at a distance of 30 meters from the trattsrgiantenna in

| any direction). Specific uses may dictate toleesnmore stringent than those stated. - | Deleted: <#> Channel Bandwidth
””””” Definitions Channel bandwidths are

defined below.

1

2.4.2.1 Standard Bandwidth Signad

standard bandwidth signal occupies a

bandwidth less than or equal to 1 MHz.f

1

2.4.2.2 Wide Bandwidth SignalA wide
bandwidth signal occupies a bandwidth|
greater than 1 MH|

2.4.3 ChannelizationChannel spacings|
for all types of telemetry uses are
described in the following subparagrais.

1

2.4.3.1 Standard Bandwidth Channels
Standard bandwidth channel spacing isi
increments of 1 MHz, beginning 500 kH
from the lower band edge, such as
1435.5, 1436.5, and 1437.5 MHz. By
definition, the band edges of a standard
bandwidth channel cannot fall outside the
allocated band.q

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

N =
=]
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| 2.42  Output Power Emitted power levels shall always be limitedtte minimum required for _ - { Deleted: 4

the application. The output power shall not exc2®avatts. The effective isotropic radiated
power (EIRP) shall not exceed 25 whtts

2.43 Modulation The traditional modulation methods for aerorzaiticlemetry are _ { Deleted: 5

frequency modulation and phase modulatiBnlse code modulation (PCM)/frequency
modulation (FM) has been the most popular telemawodulationsince around 1970The
PCM/FM method could also be called filtered continuouasghfrequency shift keying
(CPESK). The RF signal is typically generated itigring the baseband non-return-to-zero-
level (NRZ-L) signal and then frequency modulatanpltage-controlledscillator (VCO). The
optimum peak deviation is 0.35 times the bit raid a good choice for a premodulation filter is
a multi-pole linear phase filter with bandwidth efito 0.7 times the bit raté=requency and
phase modulation have a variety of desirable featbut may not provide the required
bandwidth efficiency, especially for higher biteat When better bandwidth efficiency is
required, the standard methods for digital sigraaigmission are the Feher patented quadrature
phase shift keying (FQPSK-B and FQPSK-JR), the ethayffset quadrature phase shift keying
(SOQPSK-TG), and the Advanced Range Telemetry (ARGdMtinuous phase modulation
(CPM). Each of these methods offer constant, arlpeonstant, envelope characteristics and
are compatible with non-linear amplifiers with rmral spectral regrowth and minimal
degradation of detection efficiency. The firstelimethods (FQPSK-B, FQPSK-JR, and
SOQPSK-TG) are interoperable and require the usieeadifferential encoder described in

| paragrapt2.4.21.1 below. Additional information on this differial encoder is contained in - { Deleted: 2.4.5

Appendix M. All of these bandwidth-efficient modtibn methods require the data to be
randomized. Additional characteristics of theselatation methods are discussed in the
following paragraphs and in section 7 of Appendix A

| 2.43.1 Characteristics of FQPSK-B-QPSK-B is described in the Digcom Inc. publimat ~_ { Deleted: 5

“FQPSK-B, Revision Al, Digcom-Feher Patented Tebbgy Transfer Document, January 15,
1999.” This document can be obtained under adiedrom:

Digcom Inc.

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

| 2.4.31.1 Differential Encoding Differential encoding shall be provided for FQ®B, ~_— { Deleted: 2.45

FQPSK-JR, and SOQPSK-TG and shall be consistehtthé following definitions:

The NRZ-L data bit sequencefbis sampled periodically by the transmitter ateim
instants:

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

© An exemption from this EIRP limit will be consider, however, systems with EIRP levels greater fiawatts
will be considered nonstandard systems and willirecadditional coordination with affected testgas.
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where T is the NRZ-L bit period. Using the bit index vefun as references to the
beginning of symbol periods, the differential engoditernately assembles | channel and Q
channel symbols to form the following sequences:

[ I PO
and

Q;.Q:.Q;....
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according to the following rules:

|2n = b2n O Q(Zn—l) n>0 (2 '1)

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

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

spectrum shaped variant of FQPSK. It assumesdrauae modulator architecture and
synchronous digital synthesis of the | and Q chbmelulating signals as outlined in
Figure2-1.

Digital Analog—
o= \ DAC \ !
= — —>
5| 5|t "R LPF
s 29 £
b E w 2 ‘—g To
(nTb)_>(=U Sz = Modulator
— c | = =
c|elg =
n|g| s Q
£)3 \ — DAC \ —
"-JR LPF
Clock xp Clockxp1
r, clock *

Figure 2-1. FQPSK-JR Baseband Signal Generator

FQPSK-JR utilizes the time domain wavelet fundidefined in United States patent
4,567,602, with two exceptions. The transitionctions,

[iokes(34)

o0 + {1— K sinz(%sﬂ
(2-3)
K=1-A=1-Y2
2

used in the cited patent are replaced with theidlig transition functions:
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_ A2 mt
ilAcos?(%S

+ [1- A’sin?

N———

G() =

;4

(2-4)

A=

V2
2

where T = 2/t is the symbol period. The digital “JR” spectruhaping filter used for
each channel is a linear phase, finite impulsearesp (FIR) filter. The filter is defined in terms
of its impulse response sequence h(n) in Talleand assumes a fixed wavelet sample rate of
p = 6 samples per symbol. ThedR, column is the aggregate response of the casc&tiehd
JR, filters actually used.

TABLE 2-2. FQPSK-JR SHAPING FILTER DEFINITION

weiGHT | IR R R
h(0) -0.046875 2 2%+ 2%
h(1) 0.109375 h(0) G+ 29
h(2) 0.265625 h(0) h(1)
h(3) h(2) - h(0)
h(4) h(1) - -
h(5) h(0) - -

Digital interpolation is used to increase sampte,rmoving all alias images created by
digital to analog conversion sufficiently far awfagm the fundamental signal frequency range
that out-of-channel noise floors can be well cdigtb The FQPSK-JR reference
implementations currently utilize 4-stage Cascadegrator-Comb (CIC) interpolators with
unity memory lag factor (see refererjtg). Interpolation ratio” is adjusted as a function of bit
rate such that fixed cutoff frequency post-D/A aaitas filters can be used to cover the entire

range of required data rates.

" The FQPSK-JR definition does not include a spedifierpolation method and a post-D/A filter desidtiowever,
it is known that benchmark performance will be idifft to achieve if the combined effects of intdgiimn and anti-
alias filter produce more than .04 dB excess a#téon at 0.0833 times the input sample rate ancertian 1.6 dB
of additional attenuation at 0.166 times the samgte where the input sample rate is referredeartput of the
interpolator assuming 6 samples per second.
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modulator (after differential encoding and FQPSK#B-QPSK-JR wavelet assembly) to the

carrier phase of the modulator output. The amgéituin Tabl@-3 are+ a, where “a” is a
normalized amplitude.

TABLE 2-3. FQPSK-B AND FQPSK-JR PHASE MAP
| CHANNEL Q CHANNEL RESULTANT CARRIER PHASE
a a 45 degrees
-a a 135 degrees
-a -a 225 degrees
a -a 315 degrees

waveforms defined by Mr. T. Hill (see referendgy, [3], [4], and[5]). Itis most
simply described as a non-linear frequency mochatnodeled as shown in Figuze2.

Imypulse Sernes

FREQUENCY
MODULATOR i1

Figure 2-2. Basic SOQPSK.

29

_ - [ Deleted: 2.4.5
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The SOQPSK waveform family is uniquely definedemts of impulse excitation offeequency
impulse shaping filter function g(t):

g(t) =n(t)w(t) (2-5)
where
() = {Acosnﬁl(t)}{sinez(t)} 2-6)
1-467(1) 0,(t)
_ pBt
,(t) = T
_ 7Bt
,(t) = T
1 _ésn
Al
w(t) = }1+co Tsi T<i<T+T 2-7)
2 X LI -I-S =1 2
0, L >T, +T,

n(t) is a modified spectral raised cosine filteamplitudeA, rolloff factorp and having
an additional time scaling factB: The function w(t) is a time domain windowing @tion that
limits the duration of g(t). The amplitude scaletéa A is chosen such that

(Tl +T2 )Ts IT
[ otdt== (2-8)
RUTSF)IN 2

Given a time series binary data sequence
a=(..a,a,a,a,a,.. (2-9)

wherein the bits are represented by normalizeigp@aédl amplitudes {+1,-1}, the ternary
impulse series is formed with the following mappmte. See also referenddd and[5].

o= (-)raad-as)

5 (2-10)
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... which forms a data sequence alphabet of thakees {+1,0,-1}. It is important to
note that this modulation definition does not elstaban absolute relationship between the
digital in-band inter-switch trunk signaling (digjtof the binary data alphabet and transmitted
phase as with conventional quadriphase OQPSK imgi¢ations. In order to achieve
interoperability with coherent FQPSK-B demodulata@me form of precoding must be applied
to the data stream prior to, or in conjunction witbnversion to the ternary excitation alphabet.

full interoperability with the other waveform optis, the polarity relationship between frequency
impulses and resulting frequency or phase changs beucontrolled. Thus, SOQPSK
modulators proposed for this application shall gngge that an impulse of value of (+1) will
result inan advancement of thieansmitted phase relative to that of the nomimatier

frequency (i.e., the instantaneous frequency isalive nominal carrier).

For purposes of this standard, only one specifitant of SOQPSK and SOQPSK-TG is
acceptable. This variant is defined by the parametlues given in Tab2-4.

TABLE 2-4. SOQPSK-TG PARAMETERS

SOQPSK TYPE P B T T,
SOQPSK-TG 0.70 1.25 1.5 0.50
| 2.4.32.1 Differential Encoding of SOQPSK-TG\s discussed above, interoperability with - { Deleted: 245

FQPSK-B equipment requires a particular pre-cogirmjocol or a functional equivalent thereof.
A representative model is shown in Figure 2-3.

Impulse Series

ant)
FREQUENCY
IMPULSE FREQUENCY 0
FILTER g(t) MODULATOR

The differential encoder block will be implemeniadaccordance with the definition of

ey
{a(niT,)} | DIFFERENTIAL

ENCODER | Q.
J NG

Figure 2-3.  SOQPSK Transmitter.

Section2.4.31.1. Given the symbol sequen¢gandQy, and the proviso that a normalized - { Deleted: 2.4.5

impulse sign of +1 will increase frequency, the-poeer will provide interoperability with the
FQPSK signals defined herein if code symbols arpped to frequency impulses in accordance
with Table2-5 (below) whereA® is the phase change.
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TABLE 2-5. SOQPSK PRE-CODING TABLE FOR IRIG-106 COMPATIBILITY
MAP ax FROM I MAP aks1 FROM Qg1
Ik Q1 Iz AD Ok Qks1 I Qk-1 AD Okt
-1 X -1 0 0 -1 X -1 0 0
+1 X +1 0 0 +1 X +1 0 0
-1 -1 +1 U2 -1 -1 -1 +1 | +m2 +1
-1 +1 +1 | +mw2 +1 -1 +1 +1 | -2 -1
+1 -1 -1 +772 +1 +1 -1 -1 102 -1
+1 +1 -1 U2 -1 +1 +1 1| +w2 +1

* Note: Does not matter if “X” isa+1 ora -1

| 2.4.33 Characteristics of Advanced Range TelemetryTIIRCPM. ARTM CPM is a ~_ { Deleted: 2.4:5

guaternary signaling scheme in which the instarttasdérequency of the modulated signal is a
function of the source data stream. The frequemitses are shaped for spectral containment
purposes. The modulation index alternates atythel rate between two values to improve the
likelihood that the transmitted data is faithfulgcovered. Although the following description is
in terms of carrier frequency, other representatiamd generation methods exist that are
equivalent. A block diagram of a conceptual ARTHMNE modulator is illustrated in Figu4.
Source bits are presented to the modulator anchapped into impulses that are applied to a
filter with an impulse response g(t). The resgitwmaveform f(t) is proportional to the
instantaneous frequency of the desired modulattpubu This signal can be used to frequency
modulate a carrier to produce an RF signal reptaten.

1 +3

01 -1 .
0001101101... o s 7QT” Multi-h

CPM
Data to a(t
a(IT/2) — |mpu|se ()= Fl’_equency f(t’a) Frequency . S(t,a)
Mapping Filter g(t) Modulator

Figure 2-4.  Conceptual CPM modulator.
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Variables and function definitions in Figure 2-dbuab are as follows:

a(iT/2) = ith bit of binary source data, either arQL

The frequency pulse shape for ARTM CPM is a thyerbml long raised cosine

pulse defined byg(t) = [l co{?ﬂ for 0<t<3T

T = Symbol period equal to 2/(bit rate in bits/sedtp

a(iT) = ith impulse with area equal to either a 3,4 or —3 determined by
Table2-6 below. Note that an impulse is generated for efilgih pair (at the

symbol rate).

f(t,a) = frequency filter output equal tah, Zw:a(iT)g(t =iT)

h = modulation index; h alternates betweemd h where h = 4/16, h = 5/16

TABLE 2-6. DIBIT TO IMPULSE AREA MAPPING

INPUT DIBIT [a(i) a(i+1)] IMPULSE AREA
11 +3
10 +1
01 -1
00 -3

For more information on the ARTM CPM waveform, [geaefer to Appendix A of this
document and to the publication at referejtde

an encryptor that provides randomization or anrtatege Instrumentation Group (IRIG) 15-bit
randomizer as described in Chapter 6 and AppendiXie purpose of the randomizer is to

prevent degenerative data patterns from degraditeygliality.

betvveen 1 Mb/s and 20 Mb/s. The bit rate range\f%TM CPM shaII be between 5 Mb/s and

20 Mbl/s.

sideband) shall be less than -36 dBc. The contimsmgle sideband phase noise power spectral
density (PSD) shall be below the curve shown iufg@-5 below. The maximum frequency for
the curve in Figur@-5 is one-fourth of the bit rate. For bit rates geedhan 4 Mb/s, the phase
noise PSD shall be less than —100 dBc/Hz betwadhlZ and one-fourth of the bit rate.

- [ Deleted: 2.4.5

. [ Deleted: 2.4.5
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Single Sideband Phase Noise L(f) - Upper Limit
—&— FQPSK or SOQPSK —e— CPM
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Figure 2-5.  Continuous single sideband phase pag@r spectral density

transmitter shall cause an increase in outputerafnéquency. An increase in voltage at the
input of a phase modulation (PM) transmitter shallse an advancement in the phase of the
output carrier. An increase in voltage at the trgfian amplitude modulation (AM) transmitter
shall cause an increase in the output voltageeobthput carrier.

case, through input and power leads, and at thertritter radio frequency (RF) output and
antenna-radiated spurious emissions are to benanidigjuired limits shown in MIL-STD-461,
Electromagnetic Emission and Susceptibility Requasts for the Control of Electromagnetic
Interference Other applicable standards and specificationg lmaused in place of
MIL-STD-461 if necessary.

importance. For example, a tuned antenna may gmuogattenuate spurious frequency
products produced by the transmitter, and an aatenmulti-transmitter system may generate
spurious outputs when a pure signal is fed tajpsii. The transmitting pattern of such spurious
frequencies is generally different from the patiatrithe desired frequency. Spurious outputs in
the transmitter output line shall be limited to <#m. Antenna-radiated spurious outputs shall
be no greater than 320//meter at 30 meters in any direction.

8 Any unwanted signal or emission is spurious whethenot it is related to the transmitter frequeficgrmonic).
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WARNING: Spurious levels of -25 dBm may severely degradéopmance of sensitive

GPS frequencies.

Conducted and Radiated Interferendeterference (and the RF output itself) radidted the
transmitter or fed back into the transmitter pove@gnal, or control leads could interfere with the
normal operation of the transmitter or the antesystem to which the transmitter is connected.
All signals conducted by the transmitter's leadidpthan the RF output cable) in the range of
150 kHz to 50 MHz, and all radiated fields in thege of 150 kHz to 10 GHz (or other
frequency ranges as specified) must be withinithiéed of the applicable standards or
specifications.

use 99-percent power bandwidth to define occupéditvidth and -25 dBm bandwidth as the
primary measure of spectral efficiency. The -25ndBandwidth is the minimum bandwidth that
contains all spectral components that are -25 dBlarger. A power level of -25 dBm is exactly
equivalent to an attenuation of the transmitter groby 55 + 18log(P) dB where P is the transmitter
power expressed in watts. The spectra are asssynatietrical about the transmitter’s center
frequency unless specified otherwise. All speateathponents larger than —(55 +xidy(P)) dBc at
the transmitter output must be within the spectrask calculated using the following equation:

M (f)=K +90log R-100log| f - f3 >R

f—fd (2-13)

® The intent is that fixed frequency transmitters ba used at different frequencies by changingtalysr other
components. All applicable performance requiremenli be met after component change.

1% These bandwidths are measured using a spectrumhzanwith the following settings: 30-kHz resobrii
bandwidth, 300-Hz video bandwidth, and no max ligtector or averaging.
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where

M(f) = power relative to P (i.e., units of dBc) at fueqcy f (MHz)
K = -20 for analog signals

K = -28 for binary signals

K = -61 for FQPSK-B, FQPSK-JR, SOQPSK-TG

K = -73 for ARTM CPM

f = transmitter center frequency (MHz)

R = 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 analog signals
peak deviation
maximum modulation frequency

Af

fmax

Note that the mask in this standard is differeantthe masks contained in earlier versions of
the Telemetry Standard€quation (2-13) does not apply to spectral coraptsiseparated from the
center frequency by less the¥m The —25 dBm bandwidth is not required to beamaer than
1 MHz. Binary signals include all modulation sitm@ith two states while quaternary signals include
all modulation signals with four states (quadrafinase shift keying and FQPSK-B are two examples
of four-state signals). Appendix A, paragraph 6dhtains additional discussion and examples &f thi
spectral mask.

2.5  UHF Telemetry Receiver Systems
As a minimum, UHF receiver systems shall havefthewing characteristics:

2.5.1 _Spurious EmissionsThe RF energy radiated from the receiver itsefed back into the

power supply, and/or the RF input, output, and mdhéads in the range from 150 kHz to 10 GHz
shall be within the limits specified in MIL-STD 461The receiver shall be tested in accordance with
MIL-STD 461 or RCC Document 118, volume ll, Testthieds for Telemetry RF Subsystems

Other applicable standards and specifications neaysed in place of MIL-STD-461, if necessary.

2.5.2 _Frequency Tolerancdhe accuracy of all local oscillators within tleeeiver shall be such
that the conversion accuracy at each stage andlbigewithin +0.001 percent of the indicated tuned
frequency under all operating conditions for whilsl receiver is specified.

2.5.3 _Receiver Phase Nois€he sum of all discrete spurious spectral corapti(single
sideband) shall be less than -39 dBc. The contisgingle sideband phase noise power spectral
density (PSD) shall be 3 dB below the curve shawRigure2-5. The maximum frequency for
the curve in Figur@-5is one-fourth of the bit rate. For bit rates ¢geeaghan 4 Mb/s, the phase
noise PSD shall be less than —103 dBc/Hz betwddRid and one-fourth of the bit rate.
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2.5.4 _Spurious ResponseRejection of any frequency other than the onehih the receiver
is tuned shall be a minimum of 60 dB referencethéodesired 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 designed. Extedoain-converters may be either intended for
the entire band or a small portion but capablestfning anywhere in the band without
modification.

2.5.6 _Intermediate Frequency (IF) Bandwidtfi$e standard receiver IF bandwidths are
shown in Tabl@-7. These bandwidths are separate from and shotildenconfused with
post-detection low-pass filtering that receiversvite* The ratio of the receiver’s -60 dB
bandwidth to the -3 dB bandwidth shall be less théor new receiver designs.

TABLE 2-7. STANDARD RECEIVER INTERMEDIATE FREQUENC Y (IF)

BANDWIDTHS

300 kHz 1.5 MHz 6 MHz

500 kHz 2.4 MHz 10 MHz

750 kHz 3.3 MHz 15 MHz

! 1000 kHz 4.0 MHz 20 MHz
' 1. For data receivers, the IF bandwidth shoulétglly be selected so
NOTE that 90 to 99 percent of the transmitted spectumithin the receiver

3-dB bandwidth. In most cases, the optimum IF badih will be

SR narrower than the 99-percent power bandwidth.

2. Bandwidths are expressed at the points wheponse is 3 dB below the
response at the design center frequency, assutmahgassband ripple is
minimal, which may not be the case. The 3-dB badtiwis chosen becauge
it closely matches the noise bandwidth of a "brci" filter of the same
bandwidth. The "optimum" bandwidth for a specdjgplication may be
other than that stated here. Ideal IF filter resgas symmetrical about its
center frequency; in practice, this may not bectise.

3. Not all bandwidths are available on all recesver at all test ranges.
Additional receiver bandwidths may be availabls@be test ranges
especially if the range has receiveiith digital IF filtering

™ In most instances, the output low-pass filter $howtbe used to “clean up” the receiver output prionse with
demultiplexing equipment.
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CHAPTER 3
FREQUENCY DIVISION MULTIPLEXING TELEMETRY STANDARDS
3.1 General

In frequency division multiplexing, each data amammakes use of a separate subcarrier
that occupies a defined position and bandwidtthérhodulation baseband of the RF carrier.
Two types of frequency modulation (FM) subcarr@mnfiats may be used. The data bandwidth
of one format type is proportional to the subcarcienter frequency, while the data bandwidth of
the other type is constant, regardless of subcdregquency.

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 Chapter 2. Theofelhg subparagraphs set forth the standards
for utilization of FM frequency division multipleng.

3.2.1 Each of the subcarriers conveys measurenagatid FM form. The number of data
channels may be increased by modulating one or ofdfe subcarriers with a time-division
multiplex format such as pulse-code modulation (RCM

3.2.2 The selecting and grouping of subcarrier oelEndepend upon the data bandwidth
requirements of the application at hand and upem#tessity to ensure adequate guard bands
between channels. Combinations of both proportibaadwidth channels and constant-
bandwidth channels may be used.

3.3 FM Subcarrier Channel Characteristics

The following subparagraphs describe the chariatites of proportional-bandwidth and
constant-bandwidth FM subcarrier channels.

3.3.1 _Proportional-Bandwidth FM Subcarrier CharDiedracteristics Tables3-1 (A-C) list

the standard proportional-bandwidth FM subcarfermels. The channels identified with
letters permit £15 or £30 percent subcarrier désatather than +7.5 percent deviation but use
the same frequencies as the 12 highest channbiscliannels shall be used within the limits of
maximum subcarrier deviation. See Appendix B fqrexted performance tradeoffs at selected
combinations of deviation and modulating frequency.
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TABLE 3-1A. PROPORTIONAL-BANDWIDTH FM SUBCARRIER CHANNELS
+7.5% CHANNELS

Center | peviaton | Deviaion | Frequency | NOMN | Frequine, | Minimum
Channel Fre(z;i;]cies Limit Limit Regpons}é Ris(t:qzi)me Regpons}é Ris(el;zi)me
(Hz) (Hz) (Hz) (Hz)

1 400 370 430 6 58 30 11.7
2 560 518 602 8 44 42 8.33
3 730 675 785 11 32 55 6.40
4 960 888 1032 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 .864
11 7350 6799 7901 110 3.2 551 .635
12 10 500 9712 11288 160 2.2 788 444
13 14 500 13412 15588 220 1.6 1088 .322
14 22 000 20 350 23 650 330 1.1 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 3-1C.
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TABLE 3-1B. PROPORTIONAL-BANDWIDTH FM SUBCARRIER CHANNELS
+15% CHANNELS

Center Lower Upper Nominal Nominal Maximum | Minimum
Channel Frequencies De\_/ia_tion De\_/ia_tion Frequency | Rise Time | Frequency | Rise Time
Limit Limit Response Response

(Hz) (Hz) (Hz) (Hz) (ms) (Hz) (ms)
A 22 000 18 700 25 300 660 .53 3300 .106
B 30 000 25 500 34 500 900 .39 4500 .078
Cc 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 13 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 33750 .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 .006
L 560 000 476 000 644 000 16 800 .02 84 000 .004

See notes at end of Table 3-1C.
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TABLE 3-1C. PROPORTIONAL-BANDWIDTH FM SUBCARRIER CHANNELS
+30% CHANNELS
Center Lower Upper Nominal Nominal Maximum | Minimum
Frequencies | Deviation Deviation | Frequency | Rise Time | Frequency | Rise Time
Channel L L
Limit Limit Response Response
(Hz) (Hz) (Hz) (Hz) (ms) (Hz) (ms)
AA 22 00 15 400 28 600 1320 .265 6600 .053
BB 30 000 21 000 39 000 1800 194 9000 .038
CcC 40 000 28 000 52 000 2400 146 12 000 .029
DD 52 500 36 750 68 250 3150 111 15 750 .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 214500 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 33600 .010 168 000 .002
Notes

1. Round off to nearest Hz.

2. The indicated maximum data frequency responderanimum rise time is based on the
maximum theoretical response that can be obtaimadiandwidth between the upper and lower
frequency limits specified for the channels. Sepéndix B, paragraph 3.0 for determining
possible accuracy versus response tradeoffs.

3. Channels A through L may be used by omittingeeit lettered and numbered channels.
Channels 13 and A may be used together with soonedee in adjacent channel interference.

4. Channels AA through LL may be used by omittingrg four adjacent double lettered and lettered
channels and every three adjacent numbered chan@blinnels AA through LL may be used by
omitting every three adjacent double lettered atieled channels and every two adjacent numbered
channels with some increase in adjacent chanrefénéence.
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3.3.2 _Constant-Bandwidth FM Subcarrier Channelr@tteristics Table3-2 lists the standard
constant-bandwidth FM subcarrier channels. TheretA, B, C, D, E, F, G, and H identify the
channels for use with maximum subcarrier deviatioing?, +4, +8, +16, +32, +64, +128, and
+256 kHz, along with maximum frequency response®, df, 8, 16, 32, 64, 128, and 256 kHz.
The channels shall be used within the limits of immaxn subcarrier deviation. See Appendix B
for expected performance tradeoffs at selected smtibns of deviation and modulating
frequencies.

3.4  Tape Speed Control and Flutter Compensation
Tape speed control and flutter compensation fofffformats may be accomplished as

indicated in subparagraj8.4 Chapter 6. The standard reference frequency stsatibe in
accordance with the criteria in Tal8€3 when the reference signal is mixed with data.
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TABLE 3-2. CONSTANT-BANDWIDTH FM SUBCARRIER CHANNELS

Frequency Criteria \  Channels: A B C D E F G H
Deviation Limits (kHz) 2 +4 +8 +16 +32 +64 +128 #35
Nominal Frequency Response (kHz) 0.4 0. 1. 312 4 6. 128 25.6 51.2
Maximum Frequency Response (kHz) 2 4 8 16 32 64 1P8 256

Center Frequency(kHz)
8 16 32 64 128 256 512 1024
16 32 64 128 256 512 1024 2048
24 48 96 192 384 768 1536 3072
32 64 128 256 512 1024 2048
40 80 160 320 640 1280 2560
Notes: 48 96 192 384 768 1536 3072
Th iant-bandwidth ch | desionati hathés 56 112 224 448 896 1792 3584
e constant-bandwidth channel designation s €
channel center frequency in kilohertz and the cbhnn 64 128 256 012 1024 2048
letter indicating deviation limit; for example, 16A 72 144 288 576 1152 2304
indicatingf, = 16 kHz, deviation limit of +2 kHz. 80 160 320 640 1280 2560
The indicated maximum frequency is based upon th 88 176 352 704 1408 2816
maximum theoretical response that can be obtamed i 96 192 384 768 1536 3072
bandwidth between deviation limits specified foe th 104 208 416 832 1664 3324
channel. See discussion in Appendix B for deteimgin 112 224 448 896 1792 3584
practical accuracy versus frequency response titisle 120 240 480 960 1920 384(
Prior to using a channel outside the shaded dreajger 128 256 512 1024 2048
should verify the availability of range assetsupsort 136 272 544 1088 2176
the demodulation of the channel selected. Veritdich 144 288 576 1152 2304
support is available above 2 MHz. = 304 608 1216 2432
160 320 640 1280 2560
168 336 672 1344 2688
176 352 704 1408 2816
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TABLE 3-3. REFERENCE SIGNAL USAGE

Reference Frequencies for Tape Speed
and Flutter Compensation

Reference Frequency

(kHz £0.01%)

960"
4809
240W
200
100
50
25
125
625
3.125

Note: PThese frequencies are for flutter compensation anty not for capstan servo
speed control. In addition, the 240 kHz referesigaal may be used as a detranslation
frequency in a constant-bandwidth format.

If the reference signal is recorded on a sepaagketrack, any of the listed reference
frequencies may be used provided the requirementompensation rate of change are
satisfied.

If the reference signal is mixed with the datanalgconsideration must be given to
possible problems with intermodulation sum andedéfce frequencies. Also, sufficient
guard band must be allowed between the referergedncy and any adjacent data
subcarrier.
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CHAPTER 4
PULSE CODE MODULATION STANDARDS
4.1 General

Pulse code modulation (PCM) data are transmitsea serial bit stream of binary-coded
time-division multiplexed words. When PCM is tramited, premodulation filtering shall be
used to confine the radiated RF spectrum in acooedaith Appendix A. These standards
define pulse train structure and system designacianistics for the implementation of PCM
telemetry formats. Additional information and re@nendations are provided in Appendix C
and in RCC Document 119elemetry Applications Handbook.

4.2 Class Distinctions and Bit-Oriented Characterigcs

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

4.2.1 Class | and Class Il Distinctionswo classes of PCM formats are covered in thapter:

the basic, simpler types are class I, and the mwamplex applications are class Il. The use of any
class Il technique requires concurrence of theeamgplved. All formats with characteristics
described in these standards are class | excega tbentified as class Il. The following are
examples of class Il characteristics:

- bit rates greater than 5 megabits per secords(geparagraph.2.2.3

- word lengths in excess of 16 bits (subparagragl.])

- fragmented words (subparagrapB.1.9

- more than 8192 bits or 1024 words per minor &gsubparagrapt.3.2.1.)
- unevenly spaced supercommutation (subparagtaph.9

- format changes (paragrapgh))

- asynchronous embedded formats (paragfaph

- tagged data formats (paragrapb)

- formats with data content other than unsigneaigtt binary, discretes, or complement
arithmetic representation for negative numbers siscthoating point variables, binary-
coded decimal, and gain-and-value

- asynchronous data transmission (paragfagh
- merger of multiple format types (such as thqserHied in Chapter 8)
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not fit all requirements. A verification of rangapabilities should be

C Th i [

\ e use of fixed frame formats has been a commactipe but does
NOTE / P

S made prior to incorporation of class Il feature® ia telemetry system.

4.2.2 Bit-Oriented Definitions and RequiremenBefinitions and requirements relating to
serial PCM bit streams are described next.

4.2.2.1 _Binary Bit Representatiohe following code conventions for represensegal

binary ones and zeros are the only permissiblesgmtations. Graphic and written descriptions
of these conventions are shown in Figdtg Only one convention shall be used within a gng|
PCM bit stream. If Randomized NRZ-L (RNRZ-L) iaismitted it shall use the 15-bit
regeneration pattern as described in Chapter @ppdndix D.

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

4.2.2.2 _Serial Bit Stream Transition¥he transmitted or recorded bit stream shall be
continuous and shall contain sufficient transititmensure bit acquisition and continued bit
synchronization, taking into account the binaryrespntation chosen. (See recommendation in
paragraph 1.3, Appendix C.)

4.2.2.3 _Bit Rate The RF and recording limits, defined in Chap&end 6, should be
considered when determining maximum bit rates. mm@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 sitall not
differ from the specified nominal bit rate by mahan 0.1 percent of the nominal rate.

4.2.2.5 _Bit Jitter The bit jitter shall not exceed +0.1 of a bitérval referenced to the expected
transition time with no jitter. The expected triios time shall be based on the measured
average bit period as determined during the imnteli@receding 1000 bits.

4.3 Fixed Formats

Characteristics of fixed formats are describedWel Fixed formats do not have changes
during transmission with regard to frame structwerd length or location, commutation
sequence, sample interval, or measurement list.

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 bitsnot
more than 16 bits in class | and not more thani®&itb class Il.
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Code Logic Waveform CODE WAVEFORMS Code Definitions

Levels
1 01 1 0 0 O 1 1 0 1
Non Return to Zero - Level
1 = . Y
NRZ-L | | © “ONE” is represented by one level
0 ' @“ZERO" is represented by the other level
Non Return to Zero - Mark
1.0
NRZ-M I O “ONE” is represented by a change in level
0 O“ZEROQ" is represented by N€hange in level
1 Non Return to Zero - Space
NRZ-S | | | O “ONE” is represented by NGhange in level
0 O©“ZEROQ” is represented by a change in level
Bi-Phase - Levé?
Big-L 1 ——| _| r © “ONE” is represented by a “ONE” level with
0 i transition to the “ZERO” level
O©“ZERQ" is represented by a “ZERQO” level with traisit to
the “ONE” level

Bi-Phase - Marf’

Bi(p-M(z) 1 1 [ [ © “ONE’ is represented by N@vel change at the beginning
0 || of the bit period

O©“ZEROQO" is represented by a level change at therbvegg of
the bit period

7 Bi-Phase - Spate
Bi(pS(Z) 1 ][] T © “ONE” is represented by a level change at therégg of
0 the bit period

O©“ZEROQO” is represented by a NiBvel change at the
beginning of the bit period

Figure 4-1. PCM code definitions.

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

(2) The definitions of the mark and space versmfithe bi-phase code have been reversed in vaeditions of the IRIGelemetry StandardsThe
Telemetry Group included both definitions in the8&%nd 1993 versions of tielemetry Standardsin 106-96, the Telemetry Group replaced the 9B®igp-
M and Bip-S definitions with the 106-93 DBiS and DB@p-M definitions. The 106-93 BM and DBip-S definitions were identical except for a possible
inversion and a time delay of one-half bit peridbe Bip-S and DBi#p-M codes were identical with the same exceptiofise inversions do not change the data
content, because the information is in the levahges (transitions) not the levels. The diffedrigrminology and code designation have been @éwpp
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4.3.1.2 _Fragmented Words (Class IB fragmented word is defined as a word divideto ino
more than eight segments and placed in variousitmsawithin a minor frame. The locations
need not be adjacent. All word segments usedrio éodata word are constrained to the
boundaries of a single minor frame. Fragmentedtaymization 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 significant bits shalhbebered sequentially within the word.

4.3.1.4 ‘Word NumberingTo provide consistent notation, the first woftbathe minor frame
synchronization pattern shall be numbered "one? Bgure4-2). Each subsequent word shall
be numbered sequentially within the minor framaunfering within a subframe (see
subparagraph 4.3.2.3.1) shall be "one" for the vilottie same minor frame as the initial counter
value for subframe synchronization and sequentthtlyeafter. Notations of W and S shall
mean the W word position in the minor frame andd8daposition in the subframe.

4.3.2 Frame StructureThe PCM data shall be formatted into fixed lénighmes as defined in
these sections regarding frame structure and ir€#2. Frames shall contain a fixed number
of equal duration bit intervals.

4.3.2.1 _Minor Frame The minor frame is defined as the data strudtutine sequence from
the beginning of a minor frame synchronizationgratto 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 synchratibn pattern to the beginning of the next
synchronization pattern. The maximum length ofiaamframe shall neither exceed 8192 bits nor
1024 words in class | and shall not exceed 16 384rbclass II.

4.3.2.1.2 _Minor Frame CompositiorThe 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 single oriframe. The length of a word in any identified
word position within a minor frame shall be consta®ther words such as frame format identifiers
may be needed within class Il formats (see pardgtap.

4.3.2.1.3 _Minor Frame Synchronizatiofihe minor frame synchronization information $hal
consist of a fixed digital word not longer than@hsecutive bits and not shorter than 16 bits.
Recommended synchronization patterns are givemlneC-1, Appendix C.

4.3.2.1.4 _Transmitted Frame Countd@he frame counter provides a natural binary toun
corresponding to the minor frame number in whighftame count word appears. ltis
recommended that such a counter be included miatbr frames whether class | or class Il and is
especially desirable in class Il formats to assittt data processing. The frame counter should be
of nominal format word length and reset to startapnting again after reaching maximum value.
In formats where subcommutation is present, th&aute ID counter may serve as the frame
counter.
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MINOR FRAME LENGTH “N” WORDS OR “B” BITS
MAX LENGTH
CLASS | - 8 192 BITS OR 1024 WORDS
CLASS 1l - 16 384 BITS

MINOR FRAME SYNC 1 2 é@ (W,.Lég N-1
/
(7]
[ ] D [ ]
_ o
(@]
. | ; . .
N
L] = L ] L]
(@]
L] Lu L]
_ <§( -
@ MAJOR FRAM
L] — g - L]
NN
(w,s)

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 SUBFRAMBVIAX. 256).
“N” = THE NUMBER OF WORDS IN MINOR FRAME.

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

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

Figure 4-2.  PCM frame structure.
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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 LengtiMajor frame length is defined as minor frameglan(N words
or B bits) multiplied by the number of minor fram@J in the major frame. The maximum
number of minor frames per major frame shall nateexl 256.

4.3.2.2.2 _Minor Frame Numberind o provide consistent notation, the first miframe in a
major frame shall be numbered "one." Each subsequimor 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 vehine 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 depth, D, of a sabfe 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 countehinary counter which counts sequentially up
or down at the minor frame rate. The counter dhalocated in a fixed position in each and
every minor frame. A subframe ID counter shoulttstith the minimum counter value when
counting up or the maximum counter value when dagrdown. The counter should also be
left or right justified in a word position. Theast of a major frame shall coincide with the ifitia
count for the deepest subframe.

4.3.2.4 _SupercommutatiorSupercommutation ("supercom") is defined as -ilivésion-

multiplex sampling at a rate that is a multiplette# minor frame rate. Supercommutation (on a
minor frame) provides multiple samples of the s@aeameter in each minor frame. "Supercom
on a subframe" is defined as time-division-multipdampling at a rate that is a multiple of the
subframe rate and provides multiple samples os#ime parameter within a subframe. For class
I, supercommutated samples shall be evenly spdeedclass Il, supercommutated samples
should be as evenly spaced as practical.

4.4 Format Change (Class II)

Format change is defined as change with regaficitoe structure, word length or
location, commutation sequence, sample intervathange in measurement list. Format
changes shall occur only on minor frame boundar&issynchronization shall be maintained
and fill bits used instead of intentional dead paési Format changes are inherently disruptive to
test data processing; fixed format methods areemed. Format change methods shall conform
to the characteristics described in the followiegt®ns.



4.4.1 Frame Format IdentificatiorA frame format identifier (FFI) is a word thétal

uniquely identify a single format. In formats whethange is required, the frame format
identifier shall be placed in every minor frameheTormat identifier shall be the same length as
(or multiples of) the most common word length ie thrmat and shall occur in a fixed position
in the minor frame. The FFI shall identify therfat applicable to the current minor frame.
Frame synchronization pattern, FFI location, bi¢ rand binary bit representation code shall not
be changed. The FFI shall be constructed suctathigigle bit error cannot produce another
valid FFI. The number of unique formats indicasball not exceed 16.

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

4.4.2.1 Measurement List Changthis method of format change consists of a nicatibn in
data content only and not format structure.

4.4.2.2 _Format Structure Chandeefined as a format change where there is artlgpan
frame structure and not just data content.

4.5  Asynchronous Embedded Format (Class II)

Defined as a secondary data stream asynchronemgigdded into a host major frame in
a manner that does not allow predicting the locatibembedded synchronization information
based only on host format timing. The embeddeaidraegments shall be inserted as an integral
number of words in every host minor frame. In #osnbined format, specific word positions in
the host minor frame shall be dedicated to the ehbe asynchronous format. No more than
two asynchronous embedded formats are permitted.

4.6 Tagged Data Format (Class Il)

Defined as a fixed frame length format having pplaable subframe or major frame
definitions and characterized as a stream of datasy or blocks of words, with associated
identifiers (tags). These formats consist of frayechronization patterns, identifiers, data
words, and fill words as required.

4.6.1 Alternating Tag and Datd his tagged data format consists of frames @oingtag
words alternating in time sequence with data waordslocks of words identified by the tags.

4.6.2 Bus Data Military Standard (MIL-STD) 1553 Telemetering of MIL-STD 1553
information is preferred to be restructured to comfto class | methods. If not, telemetered
MIL-STD 1553 data shall conform to Chapter 8, paapb8.6.

2 Defined in MIL-HDBK-1553A(2), 1995Multiplex Applications Handbook
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4.7 Time Words

The following paragraphs describe the formattiiroe words within a PCM stream. A
16-bit standardized time word format and a metlwoidgert time words into PCM word sizes
other than 16-bits are described.

4.7.1 In 16-bit standardized time word format, éhehall be three words dedicated to
providing timing information. These words are desited high order time, low order time, and
microsecond time. High and low order time wordalisbe binary or binary coded decimal
(BCD) weighted, and microsecond words shall bergimeeighted. Time word construction
examples are shown in Figute3 and Figuret-4.

4.7.2 The microsecond time word shall have a réisolwf 1 microsecond; that is, the least
significant bit, bit 16, has a value of 0.00000&cs&l. This word shall increment until it attains
a value of 10 milliseconds at which time it wilset to zero. Thus the maximum value of the
counter is 9999 (decimal).

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

4.7.4 The high order time word shall have a resmubf 655.36 seconds when binary
weighted; that is, the least significant bit, bt has a value of 655.36 seconds. When BCD
weighted, the least significant bit, bit 16, of thigh order time word shall have a value of one
minute. For BCD, the days field shall contain these least significant characters of the BCD
Julian date.

4.7.5 ltis recommended that high, low, and mictose time words precede the first data
word in the minor frame. The time word order slalhigh order time word, followed by low
order time word, followed by microsecond time woldicrosecond time words may be used to
tag individual data words, but care shall be takext high order and low order time words be
inserted at a rate necessary to resolve time aritieigu

4.7.6 Time word insertion into PCM word sizes ottiemn 16 bits shall be as follows: high
order, low order, and microsecond time words sbalinserted into PCM words with time word
bits occupying contiguous bit locations in the P@btrd. The time word shall occupy
contiguous PCM data words until the time word iataned in the PCM stream. If the time
word size is not an integer multiple of the PCM @/size and there are unused bits in the PCM
word, the remaining unused bits in the last PCMdatbat contains the time word shall be fill
bits with value 0. Figurd.4illustrates the insertion of time words into a PGiveam with word
size of 12 bits.
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HIGH ORDER TIME
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

(BCD Weighting) 1 DAY —I 10 HR— 1HRI 10 MIN— 1MIN —]
(Binary Weighting) 655.36 SEC—
LOW ORDER TIME

lofof | [ [ [ [ [ [ 1 [ [ ][ ]|

(BCD Weighting) 01 10 SEC I 1 SEC] 0.1 SECJ 0.01 SEC!
(Binary Weighting) 0.010 SEC—I
MICROSECOND TIME
oot
(Binary Weighting) 1 MICROSECOND _ 1

Figure 4-3 16 bit standardized time word format.

HIGH ORDER TIME

}7 PCM WORD N I PCM WORD N+1 4|

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 24
N I B YR

(BCD) 1 DAY 10 HR—! 1HR— 10 MIN—] 1 MIN-]
(Binary) 655.36 SEG—

LOW ORDER TIME

PCM WORD N+2 I PCM WORD N+3
L L L[ [ [Azeroruer
®cp) | 10seed  1sEe 0.1 Sec! 0.01 se€!
(Binary) ¢ 0.010 SEC

MICROSECOND TIME
PCM WORD N+4 PCM WORD N+5

olof LI T IT [ 1 | [ | | | [ALzeronuer
1 MICROSECOND —

Figure 4-4.  Time word insertion into 12 bit PCM waize.
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4.8 Asynchronous Data Merge

Asynchronous data is defined as an external s¢éiglidata stream (consisting of data
bits, associated overhead, and optional paritygtadin autonomous update rate) which is a
candidate for insertion into a primary or “host” Grmat. Common examples are RS-232
serial and IEEE-488 parallel messages. Each safimech data shall use fixed word positions
in the host format. This section does not applsetcondary PCM formats which are to be
embedded as described in paragréih Merger shall comply with subparagrapl2.2and the
following conventions.

4.8.1 PCM Data Word Formatigure4-5illustrates the host PCM format word containing a
merged asynchronous data word and associated agewtach is referred to as an
“asynchronous word structure.” The data may bertes in any length PCM word that will
accommodate the required bits. Asynchronous dhetthrsot be placed in fragmented words.
Multiple host PCM format words, if used, shall mtiguous.

4.8.2 _Insertion ProcessThe asynchronous word structure shall contarinformation from the
asynchronous message partitioned into two field& dnd overhead, as shown in figure 4-5. The
asynchronous message is inserted into the asyrmisamord structure with the following bit
orientations. The most significant data bit (M$pugh least significant data bit (LSB) and parity
(if used) of the message are denoted as D1 (MSBgin Di and will be inserted into structure bits
B1 (MSB) through Bi. The next two structure bigi+1) and B(i+2) are reserved for the stale and
overflow flags generated by the host encoder.réxtiaining overhead (message and host encoder
generated) D(i+3) through Dn (LSB), will be inserfato structure bits B(i+3) through Bn (LSB).

4.8.2.1 _Transmission Overheadll transmission overhead not required for daonstruction
shall be removed.

4.8.2.2 _Parity Bit Transmission of a parity bit is optional. Ifsttransmitted, it shall be at the
end of the data field (see Figutes) adjacent to 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 most sigamifi bit of the PCM word.
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(MSB) (LSB)
Bl B2 ces B B(i+1)  B(i+2)  B(i+3) ce+  Bn
DI  [D2 [ e+« [Di [D@+1) |D(i+2) [D(i+3) | e+« [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
—— DATAFIELD | OVERHEAD FIELD ——— |

Figure 4-5.  Asynchronous word structure.

4.8.2.4 _Stale Data BitA “stale data bit” flag shall be generated eticte a new data value is
inserted into the PCM stream. The flag shall bagmitted with the associated data. The flag
bit shall be placed in the next less significanidiation following the LSB of the data. If new
data is not ready for transmission by the timeRto# word must be sent again, either the old
data or alternating one/zero fill shall be sent tedflag set. Stale data shall be indicated by a
binary “one” (see Figurd-6).

STALE BIT OVERFLOW 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 overflow bit shallpgteced in the next less significant data bit lomati
following the stale bit flag. An overflow bit at@nary “one” indicates that a data discontinuitysts
between the current data word and the previouswiattd (see Figurd-6).

4.8.2.6Insertion Rate The asynchronous word structure shall be indénte the host PCM
word at a rate to avoid data loss in the PCM stream
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CHAPTER 5

DIGITIZED AUDIO TELEMETRY STANDARD
5.1 General

This chapter defines continuous variable sloptad€lVSD) modulation as the standard
for digitizing audio and addresses the method séiiting CVSD encoded audio into a PCM
stream. Additional information and recommendatiaresprovided in Appendix F, Continuous
Variable Slope Delta Modulation. Appendix F wasrasted from the applicable sections of
MIL-STD-188-113.

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

that is limited to a subset of the audio spectriar most aircraft audio applications, the
spectrum between 100 and 2300 hertz is adequate.

5.2.2 _Continuous Variable Slope Delta Modulatidrhe CVSD modulation is a method of
digitizing a band-limited audio signal. The CVSbdulator is, in essence, a 1-bit analog-to-
digital converter. The output of this 1-bit encodea serial bit stream, where each bit represents
an incremental increase or decrease in signal ardpliand is determined as a function of recent
sample history.

5.3  Signal Source

The signal to be encoded shall be a band-limiteficesignal. The source of this signal
may be varied. Some examples are microphones, caination systems, and tones from
warning systems. This standard applies to audivass only

5.4  Encoding/Decoding Technique

The technique to encode and decode the band-liraitd signal is CVSD modulation.
This technique is to be implemented in accordaritie Appendix F.

A CVSD converter consists of an encoder-decodier gde decoder is connected in a
feedback path. The encoder receives a band-limaitelib signal and compares it to the analog
output of the decoder. The result of the comparisa serial string of "ones" and "zeros." Each
bit indicates that the band-limited audio samme'plitude is above or below the decoded
signal. When a run of three identical bits is emtered, the slope of the generated analog
approximation is increased in its respective dioectntil the identical string of bits is broken.
The CVSD decoder performs the inverse operatidgh@g&ncoder and regenerates the audio
signal.
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A qualitative test of CVSD with a tactical aircraftercom system
(ICS) yielded the following results: (1) intellée, robotic
sounding audio at 12 kilobits/second; (2) goodiguaudio at 16
kilobits/second; and (3) audio quality did not sfgantly improve
as the bit rate was increased above 32 kilobitsfekc

5.5  CVSD Encoder Output Bit Rate (CVSD Bit Rate)

The CVSD bit rate for encoding the band-limitedliausignal is a function of the desired
audio quality and the PCM format characteristithe minimum and maximum CVSD bit rates

will not be specified.

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 encodsesgal output shall be inserted into
the PCM stream as shown in Figérd. The most significant bit (MSB) shall be the mststle
sample (first in). The least significant bit (LS&)all be the most recent sample (last in).

MOST STALE CVSD SERIAL OUTPUT STREAM MOST RECENT
SAMPLE SAMPLE
«— S-2 s-1 S s+1 oo s+(n-1) s+n s+(n+1l) «—
n-BIT CYSD WORD
SAMPLE SAMPLE e SAMPLE
S s+1 s+(n-1)
MSB LSB
“ PCM WORD > |

Figure 5-1.  Insertion of CVSD encoded audio inf®GM stream.
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5.7 CVSD Word Sample Rate

The CVSD word sample rate is dependent on thenmoini desired CVSD bit rate, the
PCM word length, and the PCM word sample rate. €dhe CVSD word sample rate is
determined, the actual CVSD bit rate can be caledlaThe decoder must be run at the same
CVSD bit rate as the encoder.

('——\_ﬁ
YNOTE Because of the nature of CVSD encoding, over amigusampling
{ of the CVSD output will have unpredictable results.

¢ To simplify the reconstruction of the audio sigaatl minimiz
NOTE all encoding/decoding delays, it is STRONGLY recosmaied that
the digitized audio words be inserted in the PCidash at evenly

o 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 and informatiaveg in the host PCM format. Note that this
procedure assumes the CVSD words are insertedlasa | PCM format with constant word
widths and are not subcommutated. The CVSD kétecah be obtained by multiplying the minor
frame rate by the number of times the CVSD wordseapin the minor frame by the word width
used for the CVSD words in the minor frame. Thigationship is expressed in equation (5-1).

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

Knowing the details on the host PCM format, equa{b-1) contains two unknowns:
CVSD BIT RATE and #CVSD WORDS PER MINOR FRAME. Ouofethese unknowns must
be chosen by the user, then the other one caniddatad. The recommended procedure is to
choose the desirdthrget value) CVSD bit rate and solve equatiod)(for #CVSD WORDS
PER MINOR FRAME. This relationship is expresse@dguation (5-2).

#CVSD WORDS PER MINOR FRAMEicyiated= DESIRED CVSD BIT RATE 6-2)
MINOR FRAME RATE « WORD WIDTH
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Next, round up (if required) the result of equat{s-2) to the nearest integer. To satisfy
the evenly spaced recommendation, round up (ifireduto the nearest integer that divides
evenly into the number of PCM words per minor frame

Finally, for either case, substitute the resuké@fiation (5-2) back into equation (5-1) to
determine the actu&VSD bit rate. To illustrate this procedure, ddasthe following
numerical example for determining the CVSD bit rafe existing PCM format has the
following characteristics:

192 000 bits/second
Word width 12 bits/word

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

Bit rate

To insert a serial CVSD bit stream with a desitadget value), CVSD bit rate of 16 000
bits/second will require the following proceduf@ased on the information given, use equation
(5-2) to calculate the #CVSD WORDS PER MINOR FRAME.

DESIRED CVSD BIT RATE
MINOR FRAME RATE « WORD WIDTH

#CVSD WORDS PER MINOR FRAME 5 cuiaten =

16 000 bits/sec)
100 (frameg'sec) » 12 (bit$ word)

#CVSD WORDS PER MINOR FRAME 5 cuiaten =

#CVSD WORDS PER MINOR FRAME  culatED = 13.3 ‘(\lordS/frame

Rounding up the #CVSD WORDS PER MINOR FRAME to tiearest integer yields
14. In this example, there are 160 PCM words énrttinor frame. If the user needs to satisfy
the evenly spaced criteria, then by inspectionff@¢SD WORDS PER MINOR FRAME will
be rounded up to 16. For comparison, both casébevsubstituted into equation (5-1) to yield
the actualCVSD bit rate.
CASE 1 (unevenly spaced CVSD samples, NOT RECOMMENDED)

#CVSD WORDS PER MINOR FRAME  cuiatep = 14ordg fram@

CVSD BIT RATE = MINOR FRAME RATE « #CVSD WORDS / MIN® FRAME « WORD WIDTH

CVSD BIT RATE pcrya. = 100 framegsec) » 14 (words framge 12 (bjfs worll

CVSD BIT RATE ,crya. = 16 800lits/sec)
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CASE 2 (evenly spaced samples, RECOMMENDED)

#CVSD WORDS PER MINOR FRAME  ciaten =  16Nordg framg

CVSD BIT RATE = MINOR FRAME RATE » #CVSD WORD<¢ PER MINOF FRAME « WORD WIDTH

CVSD BIT RATE jcryn. = 100 frameg'sec) « 16 (ords frampe 12 (bijts worl

CVSDBIT RATE ey =19 200 (bits/sed
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CHAPTER 6
MAGNETIC TAPE RECORDER AND REPRODUCER STANDARDS
6.1 Introduction

These standards define terminology for longituldifieed-head recorder and reproducer
systems and establish the recorder and reprodooéigaration required to ensure crossplay
compatibility between tapes recorded at one fgalitd reproduced at another. Standards for
19-millimeter digital cassette helical scan andhidigital cassette (S-VHS) helical scan
recording systems are also included along withatsaciated multiplexer/demultiplexer systems.
Acceptable performance levels and a minimum ofim&ins consistent with compatibility in
interchange transactions are delineated. Whilstdnedards may serve as a guide in the
procurement of magnetic tape recording equipméey; are not intended as substitutes for
purchase specifications. Other standards have frepared by the American National
Standards Institute (ANSI) and the Internationain8trds Organization (see paragraph 1.0,
Appendix D).

Wherever feasible, quantitative performance leaedsgiven which must be met or
exceeded to comply with these standards. Startdaranethods and measurement procedures
shall be used to determine such quantities, inetuthiose contained in Volume Ill of RCC
Document 118Test Methods for Recorder/Reproducer Systems anghdlia Tape

United States (U.S.) engineering units are thgirmad dimension in these standards.
Conversions from U.S. engineering units (similaBtdish Imperial Units) to Systéme
International d Unités (SI) units have been dorerling to ASTM S| 10 (1996) except as
noted. Standards applying to magnetic tapes ar@iced in Chapter 7 of this document.

6.2 Definitions
5/6 modulation code A method of encoding whereby a 5-bit data grisugonverted to a 6-bit

code frame in accordance with a conversion taBlech coding is performed to control the
frequency content of the data stream.

Basic dimension A dimension specified on a drawinglessicis a theoretical value used to
describe the exact size, shape, or location oatfe. It is used as the basis from which
permissible variations are established by tolerswoceother dimensions.

Bias signal, high frequencyA high-frequency sinusoidal signal linearly adde the analog data
signal in direct recording to linearize the magnegicording characteristic.

Bi-phase A method of representing "one" or "zero" leviel®CM systems where a level change
is forced to occur in every bit period. In bi-peascording, the bi-phase level (split-phase)
method is employed.
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Bit error. In PCM systems, a bit error has occurred wherettpected bit value is not present;
for example, a zero is present when a one is eggeot a one is present when a zero is
expected.

Bit error rate (BER) Number of bits in error in a predetermined numdfebits transmitted or
recorded, for example, 1 in %6r a BER of 10.

Bit packing density, linearNumber of bits recorded per inch or per millieredf tape length.
For serial PCM recording, the number of bits pet lemgth of a single track.

Bit slip. The increase or decrease in detected bit ratsmbyor more bits with respect to the
actual bit rate.

Code frame An ordered and contiguous set of bits (symbw} tesults as a unit from the
process of modulation coding.

Code word digital sum (CWDS)Denotes the digital sum variation of one modafatode
frame (symbol).

Crossplay Reproducing a previously recorded tape on ardec@nd reproducer system other
than that used to record the tape.

Crosstalk Undesired signal energy appearing in a repradtitannel as a result of coupling
from other channels.

Data azimuth (dynamic)The departure from the head segment gap aziemgles (static)
because of the dynamic interface between the haatithe moving tape.

Data scatter The distance between two parallel lines (asneefiundegap scatteyin the plane
of the tape, which contains all data transitiom®rded simultaneously with the same head at the
same instant of time.

Data spacing For interlaced head systems, the distance @anldajpveen simultaneous events
recorded on odd and even heads.

Digital sum variation (DSV) Indicates the integral value that is countedhftbe beginning of the
modulation coded waveform, taking a high level @nd a low level as -1.

Direct Recording (ac Bias Recording) magnetic recording technique employing a high-
frequency bias signal that is linearly added todae signal. The composite signal is then used
as the driving signal to the record-head segmé&he bias signal, whose frequency is well above
the highest frequency that can be reproduced bgysiem, transforms the recording of the data
signal so that it is a more nearly linear process.

Double-density recordingDirect, FM, or PCM recording on magnetic tapbatdwidths equal
to those used in wide-band instrumentation recgrdint at one-half the wide-band tape speeds
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specified in IRIG standard 106-80 and earlier telynstandards. Special record and reproduce
heads and high output tapes (see Chapter 7) argeddor double-density recording.

Dropout An instantaneous decrease in reproduced sigmalitade of a specified amplitude and
duration.

ECC code word The group of symbols resulting from ECC encodimguding the data symbols
and the check symbols appended.

Edge margin The distance between the outside edge of thebigwumber track and the tape
edge (see Figurg-1).

Edge margin minimum The minimum value of edge margin.

Error correcting code (ECC)A mathematical procedure yielding bits usedtffier detection and
correction of errors.

FM recording Recording on magnetic tape using frequency-naiddirecord electronics to
obtain response from dc to an upper specified #rgy. The FM systems forfeit upper
bandwidth response of direct record systems tamohta frequency and dc response not
available with direct recording.

Flux transition A 180-degree change in the flux pattern of ametig medium brought about by
a reversal of poles within the medium.

Flux transition density Number of flux transitions per inch or per nmikter of track length.

Flutter. Undesired changes in the frequency of signalmguhe reproduction of a magnetic
tape produced by speed variations of the magregtie dluring recording or reproducing.

Gap azimuth The angular deviation, in degrees of arc, ofrémrded flux transitions on a track
from the line normal to the track centerline.

Gap length (physical) The dimension between leading and trailing eddesrecord or
reproduce head-segment gap measured along a lipengkcular to the leading and trailing
edges of the gap.

Gap scatter (record headyhe distance between two parallel lines is defiimethe following
subparagraphs.

a. The two lines pass through the geometric ceofdise trailing edges of the two
outermost head segment gaps within a record h€ad.geometric centers of the other
head segment gap trailing edges lie between the@analel lines.

b. The two parallel lines lie in the plane of tape and are perpendicular to the head
reference plane (see Figlgel).
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Gap scatter (reproduce head)efined the same as for record-head gap seattept that the
reference points for reproduce heads are the gecmenters of the center lines of the head
segment gaps (see Figes).

Guard band The unrecorded space between two adjacent meddracks on the magnetic tape.

Head (record or reproducep group of individual head segments mounted staak.

Head designationFor interlaced heads, the first head of a recon@produce pair over which

the tape passes in the forward direction containoidrnumbered head segments and referred to
as the odd head. The second head containing ewrahered head segments is the even head.
For non-interlaced heads (in-line heads), both add-even-numbered head segments are
contained within a single head.

Heads, in-line A single record head and a single reproduce heaémployed. Odd and even
record-head segment gaps are in-line in the rdeead. Odd and even reproduce-head segment
gaps are in-line in the reproduce head.

Head reference planélhe plane, which may be imaginary, is parabehie reference edge of
the tape and perpendicular to the plane of the t&pe purposes of this definition, the tape shall
be considered as perfect (see Fig@€sand6-3).

Head segment, record or reprodudesingle transducer that records or reproducestmck
(see Figures-3).

Head segment gap azimuth (record or reproduce hedtie angle formed in the plane of the
tape between a line perpendicular to the headerderplane and a line parallel to the trailing
edge of the record-head segment gap or paraltetoenterline of the reproduce-head segment

gap.

Head segment gap azimuth scatt&éhe angular deviations of the head segment gapush
angles within a head.

Head segment numberingNumbering of a head segment corresponds todlk humber on the
magnetic tape on which that head segment normpbyates. For interlaced heads, the odd head
of a pair contains all odd-numbered segments, whédeeven head will contain all
even-numbered segments (see Fi@i&. In-line heads will contain odd and even segsamt

the same head stack.

Head spacing For interlaced head systems, the distance batoge and even heads.

Head tilt The angle between the plane tangent to the fwriace of the head at the center line
of the head segment gaps and a line perpendicutaethead reference plane (see Figugp
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Heads, interlacedTwo record heads and two reproduce heads arogeth Head segments for
alternate tracks are in alternate heads.

Helical track A diagonally positioned area on the tape alohgclva series of magnetic
transitions is recorded.

High-density digital recordingRecording of digital data on a magnetic mediesutting in a
flux transition density in excess of 590 transitigrer millimeter (15 000 transitions per inch) per
track.

Individual track data azimuth differencé\ngular deviation of the data azimuth of an uidiial

odd or even recorded track from the data azimuthtteér odd or even tracks. The difficulty in
making direct optical angular measurements reqtirieserror to be expressed as a loss of signal
amplitude experienced when the tape is reprodudttdan ideal reproducing head, whose gap is
aligned to coincide with the data azimuth of alcls in one head as compared to the azimuth
which produces maximum signal for an individuatk#ésee Figuré-3).

Interleaving The systematic reordering of data so that ocaifyradjacent ECC code word
symbols are separated, thus reducing the effdutirst errors on the error correcting capability.

Non-return-to-zero level A binary method of representation for PCM signahere one is
represented by one level, and zero is definedeasttier level in a bi-level system.

Physical recording densityThe number of recorded flux transitions per length of track, for
example, flux transitions per millimeter (ftpmm).

Principal block Denotes a group of helical tracks recorded ertdpe in one complete rotation
of the scanner.

Principal block number (PBN)A unique number assigned to and recorded in panhipal
block.

Record level set frequencyrequency of a sinusoidal signal used to estaltfie standard
record level in direct- record systems. Norméal,percent of the upper band edge (UBE)
frequency.

Reference tape edg&Vhen viewing a magnetic tape from the oxideamnefside with the earlier
recorded portion to the observer's right, the safee edge is the top edge of the tape (see Figure
6-1).

Reference track locatiorLocation of the centerline of track number Inirthe reference edge
of tape.

Scanner The rotating assembly housing the helical headsnd which the tape is applied
thereby accomplishing the recording of helicalksaon the tape.
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Standard record levelFor a magnetic tape recorder meeting IRIG stalsdand operating in the
direct record mode, the input signal level produtegrcent third harmonic distortion of the
record level set frequency.

Tape skew Motion of a magnetic tape past a head suchethiae perpendicular to the tape
reference edge has an angular displacement (stadignamic) from the head gap centerlines.

Tape speed, absolut&he tape speed during recording and reproduciing peripheral velocity
of the capstan minus any tape slip, regardlesapa tension and environment.

Tape speed, effectiveThe tape speed modified by the effects on t&jpperating conditions
such as tension, tape materials, thickness, temyperand humidity. The effective tape speed
should be equal to the selected speed of the regdod example, 1524 mm/s (60 ips), 3048
mm/s (120 ips), regardless of operating conditions.

Tape speed errarsErrors are the departures of the effective sfieed the selected tape speed.

Track angle The angular deviation, in degrees of arc, ofciaterline of the recorded helical
track from the tape reference edge.

Track location Location of the nth track centerline from thé&erence track centerline.

Track numbering The reference track is designated as track numb@racks are numbered
consecutively from the reference track downwardmiewing the oxide surface of the tape
with the earlier recorded portion of the tape ® dhserver's right (see Figugel).

Track spacing Distance between adjacent track centerlinesmagnetic tape (see Figusel).

Track width The physical width of the common interface @& tecord-head segment at the
gaps. This definition does not include the effedtiinging fields, which will tend to increase
the recorded track width by a small amount.

Volume label A group of bits used to provide an identifyingde for a tape cartridge.
6.3  General Considerations for Longitudinal Recordig

Standard recording techniques, tape speeds, padttafigurations are required to
provide maximum interchange of recorded telemetagmetic tapes between the test ranges.
Any one of the following methods of information tge or any compatible combination may be
used simultaneously: direct recording, predeteatémording, FM recording, or PCM recording.
Double-density recording may be used when the teafitecording time is critical; however, it
must be used realizing that performance paramstets as signal-to-noise ratio, crosstalk, and
dropouts may be degraded (see paragraph 2.0, Appéh

6.3.1 Tape Speeddhe standard tape speeds for instrumentatiometggtape recorders are
shown in Tableé-1
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6.3.2 Tape Width The standard nominal tape width is 25.4 mm (L (see Tabl&-1, Tape
Dimensions).

6.3.3 Record and Reproduce Bandwidtker the purpose of these standards, two system
bandwidth classes are designated: wide band arfdeldansity (see Tabg1). Interchange of
tapes between the bandwidth class@$¢@3 recommended.

6.4  Recorded Tape Format

The parameters related to recorded tape formatemmmatd and reproduce head
configurations determine compatibility between egss that are vital to interchangeability
(crossplay) of recorded magnetic tapes. Refdndalefinitions in paragrapgh2, Figurest-1
through 6-4 and Tables2 through 6-4. See Appendix D for configurations included in
these standards.

6.4.1 _Track Width and Spacindrefer to Figuré-1 and Table$-2 through 6-4.
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TABLE 6-1. RECORD AND REPRODUCE PARAMETERS
+3 dB Reproduce Direct Record Bias
Tape Speed Passband Set Frequency Levoel Set Frequency
{mml/s (ips)} KHz @ {(UBE) kHz @} {10% of UBE (kHz)}
Wide Band (Qverbias 2dB
6096.0 (240 ) 0.8-4000 4000 400
3048.0 (120 ) 0.4-2000 2000 200
1524.0 (60 ) 0.4-1000 1000 100
762.0 (30 ) 0.4- 500 500 50
381.0(15 ) 0.4- 250 250 25
190.5 ( 7-1/2) 0.4- 125 125 12.5
95.2 ( 3-3/4) 0.4- 62.5 62.5 25%.
47.6 ( 1-7/8) 0.4- 31.25 31.25 3.12
Double Density (Qverbias 2 dB
3048.0 (120 ) 2 -4000 4000 400
1524.0 ( 60 ) 2 -2000 2000 200
762.0 ( 30 ) 2 -1000 1000 100
381.0 ( 15 ) 2 - 500 500 50
190.0 ( 7-1/2) 1 - 250 250 25
95.2 ( 3-3/4) 0.5- 125 125 12.5
Notes:

) passhand response reference is the output amptifudsinusoidal signal at the record level
set frequency recorded at standard record levieé récord level set frequency is 10 percent of
the upper band edge frequency (0.1 UBE).

@ When setting record bias level, a UBE frequencyirgignal is employed. The signal input
level is set 5 to 6 dB below standard record l¢éwelvoid saturation effects which could result in
erroneous bias level settings. The record biaentis adjusted for maximum reproduce output
level and then increased until the output leveleleses by the number of dB indicated in the
table (see paragraph 5.3.8.1 of Volume Ill, RCC ioent 118).

6-8



TABLE 6-2. DIMENSIONS — RECORDED TAPE FORMAT
14 Tracks Interlaced on 25.4 mm (1 in.) Wide Tpe

Parameters MaXimulilllmeters Minimum Inches
Track Width 1.397 1.143 0.050 +0.005
Track Spacing 1.778 0.070
Head Spacing
Fixed Heads 38.075 38.125 1.500 £0.001
Adjustable Heads 38.151 38.049 1.500 +0.002
Edge Margin, Minimum 0.279 1.011
Reference Track
Location | 1168 | 1067 |  0.044$0.002
Track Location
Tolerance | 0051 | -0.051 | +0.002
Location of nth track
Track Number Millimeters Inches
Maximum Minimum
1 (Reference) 0.000 0.000 00.0
2 1.829 1.727 0.070
3 3.607 3.505 0.140
4 5.385 5.283 0.210
5 7.163 7.061 0.280
6 8.941 8.839 0.350
7 10.719 10.617 0.420
8 12.497 12.395 0.490
9 14.275 14.173 0.560
10 16.053 15.951 0.630
11 17.831 17.729 0.700
12 19.609 19.507 0.770
13 21.387 21.285 0.840
14 23.165 23.063 0.910

Note ™ Refer to Figures-1.
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TABLE 6-3. DIMENSIONS — RECORDED TAPE FORMAT
14 Tracks In-Line on 25.4 mm (1 in.) Wide TaBe
Parameters . Millimeters - Inches
Maximum Minimum
Track Width 0.660 | 0.610 0.25 +0.001
Track Spacing 1.778 0.070
Head Spacing
Edge Margin, Minimunf? 1118 | 0.044 |
Reference Track
Location 0698 | 0622 |  0.0260+0.0015
Track Location
Tolerance 0038 | -0.038 | +0.0015
Location of nth track
Track Number Millimeters Inches
Maximum Minimum
1 (Reference) 0.000 0.000 00.0
2 1.816 1.740 0.070
3 3.594 3.518 0.140
4 5.372 5.296 0.210
5 7.150 7.074 0.280
6 8.928 8.852 0.350
7 10.706 10.630 0.420
8 12.484 12.408 0.490
9 14.262 14.186 0.560
10 16.040 15.964 0.630
11 17.818 17.742 0.700
12 19.596 19.520 0.770
13 21.374 21.298 0.840
14 23.152 23.076 0.910

Notes:

@) Refer to Figures-1.

@ Track location and spacing are the same as théradks of the 28-track interlaced format
(see Tabl&-4). Edge margin for track 1 is only 0.229 mm (0.0@9.
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TABLE 6-4.

DIMENSIONS — RECORDED TAPE FORMAT

14 Tracks Interlaced on 25.4 mm (1 in.) Wide T&pe

Millimeters

Parameters . - Inches
Maximum Minimum
Track Width 0.660 | 0.610 0.25 +0.001
Track Spacing 0.889 0.035
Head Spacing
Fixed Heads 38.125 38.075 1.500 +0.001
Adjustable Heads 38.151 38.049 1.500 +0.002
Edge Margin, Minimun{? 0.229 1.009
Reference Track
Location 0.699 | 0.622 | 0.0260 +0.0015
Track Location
Tolerance | 0.038 | -0.038 | +0.0015
Location of nth track
Millimeters
Track Number Maximum Minimum Inches
1 (Reference) 0.000 0.000 00.0
2 0.927 0.851 0.035
3 1.816 1.740 0.170
4 2.705 2.629 0.105
5 3.594 3.518 0.140
6 4.483 4.407 0.175
7 5.372 5.296 0.210
8 6.261 6.185 0.245
9 7.150 7.074 0.280
10 8.039 7.963 0.315
11 8.928 8.852 0.350
12 9.817 9.741 0.385
13 10.706 10.630 0.420
14 11.595 11.519 0.455
15 12.484 12.408 0.490
16 13.373 13.297 0.525
17 14.262 14.186 0.560
18 15.151 15.075 0.595
19 16.040 15.964 0.630
20 16.929 16.853 0.665
21 17.818 17.742 0.700
22 18.707 18.631 0.735
23 19.596 19.520 0.770
24 20.485 20.409 0.805
25 21.374 21.298 0.840
26 22.263 22.187 0.875
27 23.152 23.076 0.910
28 24.041 23.965 0.945

Notes:
@) Refer to Figures-1.

@ Track location and spacing are the same as théracks of the 28-track interlaced format (see &&bH). Edge

margin for track 1 is only 0.229 mm (0.009 in.).
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Figure 6-1. Recorded tape format.
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Figure 6-2.  Record and reproduce head and head segieatification and location (N-track interlacegstem).
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Figure 6-4.  PCM record and reproduce configuration.
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6.4.2 Track NumberingThe tracks on a tape are numbered consecufitytrack 1
through track n with track 1 located nearest tipe t@ference edge as shown in Figiike

6.4.3 _Data SpacingFor interlaced formats, the spacing on tape éetvsimultaneous events
on odd and even tracks is nominally 38.1 mm (1.p(see paragraph 6.4.4.1).

6.4.4 Head PlacemenThe standard technique for wide band and 28 acible density is to
interlace the heads, both the record and the repedind to provide alternate tracks in separate
heads. Thus, to record on all tracks of a standath tape, two interlaced record heads are
used. To reproduce all tracks of a standard walile, two interlaced reproduce heads are used.
For 14-track double density, the standard techniggs one in-line record head and one in-line
reproduce head.

6.4.4.1 _Head Placement, Interlacéldvo heads comprise the record-head pair orgpmduce-
head pair. Mounting of either head pair is donstioh a manner that the center lines drawn
through the head gaps are parallel and spaced 881L80.05 (1.500 in. £0.002) apart, as shown
in Tables6-2 and6-4, for systems that include head azimuth adjustmé&ht dimension

between gap centerlines includes the maximum ahimdjustment required to meet system
performance requirements. For systems with fixeatls, that is, heads without an azimuth
adjustment, the spacing between gap centerlindlsbghd8.10 mm £0.03 (1.500 in. +0.001) (see
Figure6-2).

6.4.4.2 _Head Identification and LocatioA head segment is numbered to correspond to the
track number that segment records or reproducesck3 1, 3, 5, . . . are referred to as the "odd"
head segments. Tracks 2, 4, 6, . . . are reféorad the even head segments. For interlaced
heads, the head containing the odd numbered segifwettt head) is the first head in a pair of
heads (record or reproduce) over which an elenfetape passes when moving in the forward
record or reproduce direction (see FigG2).

6.4.4.3 _In-Line Head PlacemenAn in-line head shall occupy the position of heaimber 1 in
an interlaced system.

6.4.4.4 Head Segment LocatioAny head segment within a head shall be locaigdn +0.05
mm (£0.002 in.) of the nominal (dimension from &@hlithout tolerances) position required to
match the track location as shown in Figbfé and Table$-2 through 6-4.

6.5 Head and Head Segment Mechanical Parameters

The following subparagraphs describe the mechbparameters of the head and head
segments.

6.5.1 Gap ScatterGap scatter shall be 0.005 mm (0.0002 in.) €8 fer 25.4 mm (1 in.) tape
(see Figureés-3 and subparagraph 4 Appendix D).
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6.5.2 Head Segment Gap Azimuth Alignmefihe head segment gap azimuth shall be
perpendicular to the head reference plane to witBi@9 mrad (1 minute of arc).

6.5.3 _Head Tilt The plane tangent to the front surface of ttedred the center line of the head
segment gaps shall be perpendicular to the hearkrefe plane within £0.29 mrad (+1 minute of
arc) for wide band and double density recorders [Sgures-3).

6.5.4 _Record-Head Segment Gap ParamefBne parameters for the length and azimuth
alignment are described in the following subparplysa

6.5.4.1 _Record-Head Segment Gap Lendthe record gap length (the perpendicular
dimension from the leading edge to the trailingeedfithe gap) shall be 2.16n +0.5 (85
microinch £20) for wide band recorders and Qu89+0.12 (35 microinch +5) for double density
recorders (see Figufe3 and paragraph 6.@\ppendix D).

6.5.4.2 _Record-Head Stack Gap Azimuth AlignmeFhe record-head stack azimuth shall be
perpendicular to the head reference surface tamdth.29 mrad (1 minute of arc). See
paragraph 1.2, Volume lll, RCC Document 118 forgasied test procedure.

6.5.4.3 _Reproduce-Head Segment Gap Azimuth AlgmtmThe reproduce-head segment
azimuth alignment shall match that of the recordehsegment as indicated by reproducing an
UBE frequency signal on a selected track and ggttia reproduce head azimuth for the
maximum output. At this azimuth setting, the oaitpluany other track in the reproduce head
shall be within 2 dB of the output at its own optim azimuth setting (see paragraph 1.3,
Volume Ill, RCC Document 118).

6.6 Head Polarity

See Chapter 1, Volume lll, RCC Document 118 armparagraph 4.2, Appendix D of
this document for additional information.

6.6.1 Record-Head Segmeriach record-head winding shall be connectetst@spective
amplifier in such a manner that a positive goints@ueferenced to system ground at the record
amplifier input will result in the generation ofpecific magnetic pattern on a segment of tape
passing the record head in the normal directiciajpé motion. The resulting magnetic pattern
shall consist of a polarity sequence of south-nodtth-south.

6.6.2 Reproduce-Head SegmeBach reproduce-head segment winding shall beested to
its respective amplifier in such a manner thatraa af a tape track exhibiting a south-north-
north-south magnetic pattern will produce a positjoing pulse with respect to system ground
at the output of the reproducer amplifier.
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6.7 Magnetic Tape and Reel Characteristics

Magnetic tape and reel characteristics are spekifi Chapter 7. It is recommended that
all recorder and reproducer systems at a particatage be calibrated for operational use against
a reference tape of the type used by the rangesafdr bandwidth class of recorder and
reproducer system. Additional supplementary prexient specifications may be required to
meet a particular operational requirement of timges.

6.7.1 Tape Width The standard nominal tape width is 25.4 mm (JL(see Table 7-1, Tape
Dimensions).

6.7.2 _Tape GuidingThe tape guidance system restricts the tapdangution to +0.15 mrad
(30 seconds of arc) as measured by the interchéimeedisplacement error (ITDE) of outer
tracks on the same head stack. Make sure thermgdsystem does not damage the tape.

6.8 Direct Record and Reproduce Systems
Direct recording is a method of recording inforioatsignals on magnetic tape using
high-frequency ac bias recording (see paragraphD&nitions). Two classes of systems, wide

band and double density, are included in thesalatds (see Tablg-1).

6.8.1 Direct Record ParameterEhe following subparagraphs describe the dirembrd
parameters.

6.8.1.1 The input impedance for wide band andtiodensity recorders shall be 75 ohms
nominal across the specified band.

6.8.1.2 Input gain adjustment shall be provideddrmit sine-wave signals of 0.35 to 3.5 V rms
to be adjusted to produce standard record level.

6.8.1.3 lIdeally, the recorded flux level on tapesus frequency should be constant. To approach
this ideal, the record amplifier transfer chardstar is basically a constant current versus
frequency with a superimposed compensation chaistiteto correct only for loss of recording
efficiency with frequency. Results of the testatiésed in paragraph 1.8 Volume lll, RCC
Document 118, with the output amplitude at the iZget upper band edge (UBE) frequency used
as the 0 dB reference, shall be no greater thafollogving:

Percent of UBE Frequency dB Difference

10 0.5
50 1.0
80 1.6
100 2.0
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6.8.1.4 Record bias setting information is corgdiin Tables-1. The bias frequency shall be
greater than 3.5 times the highest direct recaquency for which the recorder and reproducer
system is designed (see Appendix D).

6.8.2 _Standard Record Levelhe standard record level for direct recordayst is the input

level of the record level set frequency, which proes an output signal containing one percent
third harmonic distortion. The conditions necegsarestablish the standard record level include
appropriate selection of the sinusoidal referenegufency (record level set frequency) as
indicated in Tabl&-1 and proper reproduce amplifier termination asrafiin Figure 1-10
Volume Ill, RCC Document 118. A one percent thiedmonic distortion content is achieved
when the level of the third harmonic of the reclenkl set frequency is 40 dB 1 below the level
of a sinusoidal signal of 30 percent of UBE frequewhich is recorded at the standard record
level (see paragraph 5@8ppendix Dfor information regarding standard test and ojiregat
practices).

6.8.3 _Reproduce Parameteighe following subparagraphs describe the repregharameters.

6.8.3.1 For wide band and double density recsrdbe output impedance shall be 75 ohms
nominal across the specified passband.

6.8.3.2 When reproducing a signal at the recevdllset frequency (recorded at the standard
record level), the output level shall be a minimoil V rms with a third harmonic distortion of
1 percent and a maximum second harmonic distodi@h5 percent when measured across a
resistive load of 75 ohms. Lack of proper outeuatination will not cause the reproduce
amplifier to oscillate.

6.8.4 Tape Speed and Flutter Compensatitime average or long-term tape speed must be the
same during record and reproduce to avoid frequeffsgts, which may result in erroneous
data. To minimize this problem, a reference signay be applied to the tape during record and
the signal used to servo-control the tape speed tguroduce. However, because servo-control
systems have limited correction capabilities anchioimize the amount of equipment required

at the ranges, tape speeds and servo-control sighall conform to the following standards.

6.8.4.1 The effective tape speed throughout tbkeareany portion of the reel (in absence of
tape-derived servo-speed control) shall be witltirRipercent of the standard speed as measured
by the procedures described in Chapter 1, Volul&ICC Document 118.

6.8.4.2 Sinusoidal or square wave speed-coriggolis are recorded on the tape for the purpose
of servo-control of tape speed during playbacke ®perating level for speed-control signals
shall be 10 dB +5 below standard record level wiméred with other signals or standard record
level when recorded on a separate track.

6.8.4.3 The constant-amplitude speed-control sigimall be used on a separate track for
optimum servo-speed correction. The speed-cosigobl may be mixed with other signals if
recording requirements so demand and system peafarenpermits. Mixing of the
speed-control signal with certain types of sigmaés/ degrade system performance for tapes
which are to be reproduced on tape transportslaititime-base error capstan drive systems
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(refer to manufacturer). Tabe5 lists speed-control signal frequencies. The speeadrol
signal may also be used as a flutter correctionasig

6.8.4.4 Signals to be used for discriminatortéutorrection systems are listed in Tal3e3
and6-5. See subparagrafih8.4.3and Table 3-3 for restrictions on use of flutterrection
signals.

6.9  Timing, Predetection, and Tape Signature Recoidg

Described in the following subparagraphs are tirsignal, predetection, and tape
signature recording.

6.9.1 Timing Signal RecordingModulated-carrier, time-code signals (IRIG AJ@&B and
IRIG G) are widely used and other formats are abéd. When recording IRIG B time-code
signals, care must be taken to ensure that lovwsénecy response to 100 Hz is provided. The
direct record, low frequency cutoff of most widendaecorders is 400 to 800 Hz. For these
systems, IRIG B time code signals should be recbaiiean FM track or on an FM subcarrier.
The widest bandwidth subcarrier available shouleéeloyed to minimize time del&yy For
double density systems, all time code signals shbelrecorded on an FM track or an FM
subcarrier.

6.9.2 Predetection Recordingredetection signals have been translated guérmecy but not
demodulated. These signals will be recorded tsctithigh frequency bias) recording.
Parameters for these signals are in Tébe

6.9.3 _Tape Signature Recordingor data processing using wide band and doudhsity
recorders and reproducers, a tape signature retbefere or after the data, or both before and
after the data, provides a method of adjustingepeoducer head azimuth and reproduce
equalization. A means is also provided for verifythe proper operation of equipment such as
playback receivers and bit synchronizers usedttieve the recorded data.

23 Timing code formats are found in IRIG standard-280IRIG Serial Time Formats and IRIG standard-805
Parallel Binary and Parallel Binary Coded Decimiah@ Code Formats.
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TABLE 6-5. CONSTANT-AMPLITUDE SPEED-CONTROL SIGNAL S®
Tape Speed Frequency?

(mm/s) (in./s) (kHz)
6096 (240 ) 400 +0.01% 800 +0.019
3048 (120 ) 200 +0.01% 400 +0.019
1524 (60 ) 100 +0.01% 200 +0.019
762 (30 ) 50 +0.01% 100 +0.019
381 (15 ) 25 +0.01% 50 +0.019
190.5 ( 7-1/2) 12.5 +0.01% 25 +0.01%
95.5 ( 3-3/4) 6.5 +0.01% 12.5 +0.01%
47.6 ( 1-7/8) 3.125 +0.01% 6.25 +0.01%

Notes:
@ May also serve as discriminator flutter-correctieference signal (see Table 3-3).

@ Eijther set of speed-control signals may be usedarily with wideband systems, but only the
higher set of frequencies is recommended for dodbtesity systems. When interchanging tapes,
care should be taken to ensure that the recordetismontrol signal is compatible with the
reproduce system’s speed-control electronics.

Caution should be used when multiplexing othenaslg with the
(“N‘;)?E speed-control signal. In the vicinity of the fregey of the speed-control
( / signal (fsc £10 percent), the level of individuatraneous signals
including spurious, harmonics, and noise must bdBlor more below
the level of the speed-control signal. A bettercedure is to leave one
octave on either side of the speed-control sigrea &f other signals.
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TABLE 6-6. PREDETECTION CARRIER PARAMETERS
Tape Speed Predetection Carrilgzr
Center Frequency?
Wide Band Double Density A B
(mm/s) (in./s) mml/s (in./s) (kHz) (kHz)
6096 (240) 3048.0 (120) 1800 2400
3048 (120) 1524.0 (60) 900 1200
1524 (60) 762.0 (30) 450.0 600
762 (30) 381.0 (15) 225.0 300
381 (15) 109.5 ( 7.5) 112.5 150

Notes
Bhe predetection record/playback passband is thiecaenter frequency66.7 percent.

@ Use center frequencies in column B when dataWwihh exceeds the capabilities of those
in column A.

A pulse code modulation (PCM) signature is recomueel where primarily PCM data is
recorded. A swept-frequency or white-noise sigreatnay be used for other data such as
frequency division multiplexing (FDM) or wide bafd/. The procedures for recording and
using these signatures are given in paragraptApiendix D A recommended preamble/
postamble signal for recorder/reproducer alignneitcluded in paragrap12

6.10 FM Record Systems

For these FM record systems, the input signal riabelsi a voltage- controlled oscillator,
and the output is delivered to the recording hddigih frequency bias may be used but is not
required. These standards shall apply.

6.10.1 _Tape and Reel Characteristi®aragrapfi.1 and all related subparagraphs shall apply.

6.10.2 Tape Speeds and Corresponding FM Carrier Fregegen8ee Tablé-7

6.10.3 FM Record/Reproduce ParameteBee Tablé-7 and Figures-7, ADARIO block format.
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TABLE 6-7. WIDE BAND AND DOUBLE DENSITY FM RECORD P ARAMETERS

Carrier
Tape Speed Carrier Deviation Limits") Modulation Response
- Center Plus Minus Frequency Band
W'dlflv?and Frequency Deviation | Deviation Limits
(mm/s)  (in/s) (kHz) (kHz) (kHz) (kHz) dB?)
Group |
47.6 (1-7/8) 6.750 9.450 4.050 dcto 1.250 +1
95.2 (3-3/4) 13.500 18.900 8.100 dcto 2.500 +1
190.5 (7-1/2) 27.000 37.800 16.200 dcto 5.000 +1
381.0 (15 ) 54.000 75.60( 32.400 dox®0a0 1
762.0 (30 ) 108.000 151.20( 64.800 dc toQD. +1
1524.0 (60 ) 216.000 302.40( 129.600 dcto40.00 +1
3048.0 (120 ) 432.000 604.80( 259.2700 dcto 80.000 *1
ggﬁ;’il& Group Il
47.6 (1-7/8 14.062 18.281 9.844 dcto 7.810 #1,-3
95.2 (3-3/4 28.125 36.562 19.688 dcto 15.620 +1,-3
95.2 (3-3/4) 190.5 (7-1/2) 56.250 73.125 39.375 dcto 31.250 #1,-3
190.5 (7-1/2) 381.0 (15 ) 112.500 146.250 78.750 doe.500 +1,-3
381.0 (15 62.0 (30 |) 225.00D 292.500 157.500 | dcto 125.000 +1,-3
762.0 (30 1524.0 (60 |) 450.00p 585.000315.000 | dcto 250.004) +1,-3
1524.0 (60 3048.0 (120 |) 900.00D 1170.000630.000 | dcto 500.000 +1,-3
3048.0 (120 6096.0 (240 |) 1800.00D 2340.000 601000 | dcto 1000.000 +1,-3
Notes

@ Input voltage levels per subparagraph 6.4.1.
@ Frequency response referred to 1-kHz output fidrchannels 13.5 kHz and above,
and 100 Hz for channels below 13.5 kHz.
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6.10.4 _Speed Control and Compensatiddubparagrap8.8.4shall apply. Note that a separate
track is always required for speed control anddlutompensation signals with a single-carrier
FM system.

6.10.5 _FM Record ParameterSor FM record systems, an input voltage of 1Q¥ peak-to-
peak shall be adjustable to produce full frequedeyiation.

6.10.5.1 _Deviation Directionincreasing positive voltage gives increasingdiency.
Predetection recorded tapes may be recorded witge deviation direction because of the
frequency translation techniques employed.

6.10.6 _FM Reproduce System®utput levels are for signals recorded atdeliation. In
wide band and double density FM systems, the ougp2ilV peak-to-peak minimum across a
load impedance of 75 ohms +10 percent. Incredsjmgt frequency gives a positive going
output voltage.

6.11 PCM Recording

The PCM signals may be successfully recorded usgngral different methods.
Methods included in these standards are predetectimrding, post-detection recording, and
serial high-density digital recording (HDDR). R&BHDDR methods are not included.

6.11.1 _Predetection PCM Recordinghis method employs direct recording of the aign
obtained by heterodyning the receiver IF signairte of the center frequencies listed in Table
6-6 without demodulating the serial PCM signal (seguFé6-4). The maximum recommended
bit rate for predetection recording of NRZ datagsial to the predetection carrier frequency, for
example, 900 kb/s for a 900 kHz predetection carridhe maximum recommended bit rate for
predetection recording of bi-phase @Bdata is equal to one-half the predetection aarrie
frequency. For bit rates greater than one-halfthg&imum recommended rates, the preferred
method of detection is to convert the signal taghér frequency before demodulation.

6.11.2 _Post-Detection PCM Recordinghe serial PCM signal (plus noise) at the vidatput

of the receiver demodulator is recorded by direatide band FM recording methods without
first converting the PCM signal to bi-level forneésFigures-4). Table 6-8 lists maximum bit
rates versus tape speed for these recording metfid@sminimum recommended reproduce bit
rates are 10 kb/s for post-detection direep &id 10 bits per second for post-detection FM (see
paragrapht.2.2.3.
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TABLE 6-8. MAXIMUM RECOMMENDED BIT RATES, POST-
DETECTION RECORDING ®
Tape Speed Post-D PostEM
Wide Band Double Density Direct -
(mm/s) (in/s)  (mmis) (in./s)  Big (Kb/s) Bip (kb/s) | NRZ (kbls)
6096.0 (240 ) 3048.0 (120 ) 1800 900 1800
3048.0 (120 15240 (60 900 450 090
1524.0 (60 762.0 (30 450.0 225 450
762.0 (30) 381.0 (15 ) 225.0 112 225
381.0 (15 ) 109.5  (7-1/2) 112.5 56 112
190.0 (7-1/2 95.2  (3-3/4) 56 28 56
95.2 (3-3/4 28 14 28
47.6 (1-7/8 14 7 14
Note:

@ Direct recording of NRZ signals is NOT recommendatkss the signal format is carefully
designed to eliminate low-frequency componentsafor data expected.

6.11.3 _Serial High-Density Digital Recordin&erial HDDR is a method of recording PCM
data on a magnetic tape which involves applyingdia to one track of the recorder as a
bi-level signal.

6.11.4 This paragraph deals with standards fectirecording of PCM telemetry data using a
wide band analog instrumentation recorder or reywedsystem. Direct recording is described
in paragrapl.8 The recommended PCM codes, maximum bit ratesrdeand reproduce
parameters, and the magnetic tape requirementdssrelescribed.

PCM Codes The recommended codes for serial high-densityl Pé€&ording are bi-phase level
(Big-L) and randomized non return to zero-level (RNRZ-Lhe maximum recommended bit
packing densities (for wide band recording) re B8@m (15 kb/in.) for Bp-L and 980 b/mm (25
kb/in.) for RNRZ-L. Refer to Tablé-9 for maximum recommended bit rates versus standard
tape speeds. The minimum recommended reproducatédt are 5 kb/s for BiL and 200 kb/s
for RNRZ-L. Details of the implementation are dissed in paragraph 3 Appendix D
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TABLE 6-9. MAXIMUM RECOMMENDED BIT RATES
Tape Speed
Wide Band Double Density BigL RNRZ-L
(mm/s) (in/s) | (mmis)  (in.Js) (kb/s) (kbrs)
6096.0 (240 3048.0 (120 |) @60 6000
3048.0 (120 1524.0 (60 |) a80 3000
1524.0 (60 ) 762.0 (30 |) 900 1500
762.0 (30 ) 381.0 (15 |) 450 750
381.0 (15 ) 109.5 ( 7-1/2 522 375
190.0 ( 7-1/2 95.2 ( 3-3/4 112 18%
95.2 ( 3-3/4 56 @3
476  ( 1-7/8 28 We
Note:

@ Reproducing data at bit rates less than 200 kllstisecommended when using

RNRZ-L (see Appendix D for details).

6.11.4.2 BpL Code The BipL code is recommended for direct recording untlerfollowing
conditions: the bit rate of the data to be recdrdees not exceed the maximum bit rates for

Big-L (see Table&-9), and the amount of tape required for missionndiocg by this method is
not a severe operational constraint.

6.11.4.3 _RNRZ-L CodeThe RNRZ-L code is recommended for direct reicaydinder any of
the following conditions: the bit rate of the dédebe recorded exceeds the maximum
recommended bit rates for@L (see Tablé-9) or maximum tape recording time is needed.

6.11.4.3.1 To minimize baseline wander anomaR&$RZ-L is NOT recommended if the
reproduced bit rate is less than 200 kb/s.

6.11.4.3.2 The RNRZ-L shall be implemented using a 15-stagfe rggister and modulo-2
adders (see Figu®5). The randomized bit stream to be recorded igiggad by
adding (modulo-2) the input bit stream to the moelisum of the outputs of the
14th and 15th stages of the shift register. Indiheoder, the randomized bit stream
is the input to the shift register (see FigsB).
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NRZ-L . To
o 5 [ Recorder
Converter :
Input
PCM DATA BIT
INPUT —*| SYNC
To
» Randomizer —— Recorder
NRZ-L Input?
(See figure D - 2, appendix D.)
. NRZ-L
Reproducer »| Bit - Qutput!
Sync*
NRZ-L
RNRZ-L Decoder ___>Dec0de;d
Output

(See figure D - 3, appendix D.)

! When Bi¢- L is recorded.

2 When RNRZ-L is recorded.

3 The Bi¢-L converter may be an integral part of the Bit Sync.

4 Bit Sync input code selector set to NRZ-L if RNRZ-L is
recorded or to Bi¢-L if Bi¢-L is recorded.

Figure 6-5.  Serial high-density digital record aagdroduce.
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6.11.4.4 _Record ParameterBhe record parameters are explained in theviatig
subparagraphs.

6.11.4.4.1 High-density PCM data shall be readiidecompliance with the direct record
parameters detailed in subparagrépghlincluding the use of an ac bias signal level which
produces the required 2 dB over-bias condition.

6.11.4.4.2 The peak-to-peak level of the PCM irgignal shall be equal to twice the rms value
of the signal amplitude used to establish the stahdecord level with a tolerance of £25 percent
(see subparagrath8.2.

6.11.4.4.3 The signal to be recorded must bevst Bi-level signals are signals where only
two levels are present. Therefore, signals coimginoise must be converted to bi-level signals
before they are recorded.

6.11.4.4.4 To minimize the effects of tape drdppserial high-density digital data should not
be recorded on the edge tracks of the tape.

6.11.4.5_Reproduce Parameterd| reproduce parameters in subparagrégh3shall apply.

6.11.4.5.1_PCM SignatureA PCM signature should be recorded before @r &ft both before
and after the data to provide a method for adjgstie reproduce head azimuth and the
reproducer equalizers. The data rate of the P@NBsire should be the same as the rate of the
data to be recorded (see paragréah Appendix D for tape signature recording).

6.11.4.5.2 _Phase EqualizeCorrect phase equalization is very importarthtoreconstruction

of the serial high-density digital data. Adjus&phase equalizers are desirable but not
mandatory.

6.11.4.6 _Magnetic TapeHigh-density digital (HDD) magnetic tapes areammended;
however, wide band instrumentation tapes can b& aseecorder and reproducer systems with
1.27 mm (0.050 in.) track widths (see Chapter 7).

6.11.4.7 _Tape CopyingThe following practices are recommended wheningakopies of
original data tapes.

6.11.4.7.1 Convert data reproduced from the maigiape to a bi-level signal prior to recording
a copy.

6.11.4.7.2 Align reproduce head azimuth to oebtape.
6.11.4.7.3 Adjust reproducer equalizers correctly

6.11.4.7.4 Prior to recording the copy, use dwrded PCM signature to optimize the quality
of the reproduced data.

6.11.4.8 _PCM Bit SynchronizeiThe PCM bit synchronizer should contain cirgutty
reestablish the baseline reference PCM signal ¢astorer circuit). This circuit is essential
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when reproducing RNRZ-L at reproduced bit rates than 1 Mb/s. The PCM bit synchronizer
loop bandwidth should be selected for optimum penénce between 0.1 and 3 percent of the bit
rate.

(NOTE If an appropriate PCM bit synchronizer is not aafalié, the tape
ﬁ can be copied directly; however, the SNR will berdased.

6.12 Preamble Recording for Automatic or Manual Reorder Alignment

A preamble (or postamble) may be recorded ondheegape as the data signal with
known frequency and amplitude elements which Widiva automatic or manual alignment of the
signal electronics to optimize the performancehefplayback system. Reproduce azimuth,
equalization, and FM demodulator sensitivity mayapisted at all available tape speeds. The
preamble may be used for manual adjustment ofrstyumentation magnetic tape recorder/
reproducer (wide band and double density). Aut@anatjustment requires a recorder/
reproducer specifically designed with the capabttit automatically adjust one or more of the
following: reproduce-head azimuth, amplitude egadion, phase equalization, and FM
demodulator sensitivity. The signal source mayniernal to the recorder or may be externally
generated.

6.12.1 _Alignment, Direct ElectronicDirect electronics shall use a 1/11 band edgarsq
wave for both manual and automatic alignment asrginAppendix D

6.12.2 _Alignment, FM ElectronicsThe FM electronics shall use a 1/11 band edgarsgvave
and +1.414 Vdc or 0.05 Hz square wave for both rahand automatic alignment as given in
Appendix D.

6.13 19-mm Digital Cassette Helical Scan Recordirgtandards

These standards are for single-channel high-tdthralical scan digital recorders using 19
mm tape cassettes. Bit rates of less than 10 ritegey second to 256 megabits per second or
greater may be recorded and reproduced by equiptoafiirming to these standards.
Interchange parties must, however, determine théadility at a particular site of the equipment
required to meet particular data recording requareist Compatibility between the recording
device and the expected playback equipment must@sonsidered.
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6.13.1 Track FormatThe format recorded and reproduced by thesemgsshall be as specified in
American National Standard For Information Systd@snm Type ID-1 Recorded Instrumentation
Digital Tape Format, ANSI INCITS 175-1999.Helical tracks employ azimuth recording wherein
the head gap angle with respect to the recordell tenter line is 90+ 15 for one scan and 90

-15° for the adjacent scan. Figuseb and Tables-10 show details of the helical tracks and auxiliary
longitudinal tracks for control, timing, and anrtiga in the ID-1 format.

6.13.2 _Tape and Cassettddagnetic tape and 19-mm cassettes are spedcifi€tdapter 7. The
magnetic tape shall meet the requirements for &s$ted class (68 000 A/M). A tape base
thickness of 1&m is normally employed. The recorder/reproduchedl ve capable of using 19-
mm cassettes that conform to the physical dimessidémedium and large cassettes as shown in
Table6-11 Table 6-11 shows tape capacities and indicateamount of time available for
recording, assuming a data input rate of 240 mégaler second.

6.13.3 _Recorder/Reproducer Input and Outfiata input and clock are required. The data
input shall be in an 8-bit parallel, byte seriaiiat, and the clock signal will be at the required
byte rate. Data output will also be in 8-bit phelaformat.

[ ANNOTATION

RUNUP
o HW
DATA AREA
REFERENCE LINE
/< y _ CONTROL + ‘
° t
\ TIME CODE vy
| REFERENCEEDGE—/ 1 f f 1‘ ?
A BCD E
DATA AREA DIRECTION OF
REFERENCE POINT TAPE MOTION (OXIDE SIDE SHOWN)

-

Figure 6-6.  Location and dimensions of recordecksa

4 Formerly ANSI -1990. Available from American Matal Standards Institute (webstore.ansi.org).
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TABLE 6-10. RECORD LOCATION AND DIMENSIONS

Dimensions Nominals
A TIME-CODE TRACK LOWER EDGE 0.2 mm
B TIME-CODE TRACK UPPER EDGE 0.7 mm
c CONTROL TRACK LOWER EDGE 1.0 mm
D CONTROL TRACK UPPER EDGE 15 mm
E DATA-AREA LOWER EDGE 1.8 mm
F DATA-AREA WIDTH 16 mm
G ANNOTATION TRACK LOWER EDGE 181 mm
H ANNOTATION TRACK UPPER EDGE 188 mm
| HELICAL TRACK WIDTH 0.045 mm
J TRACK PITCH, BASIC 0.045 mm
N HELICAL TRACK TOTAL LENGTH 170 mm
P ANNOTATION/TIME-CODE HEAD LOCATION 118.7 mm
R SECTOR RECORDING TOLERANCE 0.1  mm
T CONTROL TRACK SYNC TOLERANCE 0.1 mm
P TRACK ANGLE, ARC-SINE (16/170) 505
w TAPE WIDTH 19.01 mm
TABLE 6-11. TAPE LENGTH AND NOMINAL PLAY RECORD/
REPRODUCE TIME AT 240 MEGABITS/SECOND USER DATA RAT E
Cassette Tape Thickness Tape Length Play Time
(micrometers) (meters) (minutes)
Medium 16 587 24
Large 16 1311 55
CASSETTE DIMENSIONS NOMINAL
Cassette Length Width Thickness
Medium 254 mm 150 mm 33 mm
Large 366 mm 206 mm 33 mm
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6.14 Multiplex/Demultiplex (MUX/DEMUX) Standard for Multiple Data Channel
Recording on 19-MM Digital Cassette Helical Scan Rmrder/Reproducer Systems

For recording and reproducing multiple channeld ®mm Digital Cassette Helical Scan
Recorders, the ADARIO multiplex/demultiplex formatrecommended. The ADARIO
(Analog/Digital/ Adaptable/Recorder Input/Outputyrhat was developed for the Department of
Defense, Fort Meade, Maryland. The format is gowemnt-owned and may, therefore, be used
in equipment provided for government activitieolldwing are some of the ADARIO features:

» requires less than 3 percent overhead to be addeskt data;

» accommodates multiple channel record/playback eéaith channel completely
autonomous in sample rate and sample width;

» stores all the necessary parameters for chanreekeednstruction for either real-time
playback, time-scaled playback, or computer prangss

» preserves phase coherence between data channels;
» provides channel source and timing information; and

« accommodates®2(over 16 million) blocks of data, each block hayR048 24-bit words
(see Figureés-7).

The ADARIO format imposes minimum restrictionstbe channel signals and aggregate data
parameters. Specific implementations that us&D&RIO format may impose additional restrictions.
ADARIO format, defined field restrictions are ligteelow:

Session length Unlimited

Sequence numbered BII<2.42{100 G byte max.)

Master clock MC ig *250 Hz (131 MHz max.)

Block rate BMD, MC/BMD (8 blk./sec min.) MC/20484K blk./sec. max.)
Aggregate rate MC *24 (3145 Mbps max.)

Channel quantity Q, Ch#f1 216 channels max.)

Bits per sample FMT, 1,2,3,4,5,6,7,8,10,12,14,18022,24 bits per sample
Input clock rate MC, Ratel%ZSO Hz (131 MHz max.)

Input bit rate 2035 *24 block rate (3125 Mbps max.)

Analog bandwidth MC/2.5 (52.4 MHz max.)

Analog attenuation Atten,52{—15 dB, +16 dB)

Analog coupling DCAC (dc or ac)

Time correlation 1/MC (7.6 ns max. resolution) T[lﬂil\Zt16 (65, 536*MC max. range)
Channel card types CHT(,3 4 max.)

Channel input digital data can be in any formatias or parallel, in any coding, and at
any levels, TTL, ECL, that can be accommodatechkychannel type card used. Channel input
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analog signals can contain any form of modulataarany nominal level, with any dynamic
within the limitations (see Figui@8).

RECORDED SESSION ON TAPE
e L
BLOCK 1 BLOCK2  BLOCK3  BLOCKY BLoCK 2 ¥
048x2 2 81T
[ 2048 | 2048 |
FILL
SESSION CHY CH1 CH2 CH2 CHN CHN
ANNOTATION  ANNOTATION OATA ANNOTATION DATA  ANNOTATION DATA
|-<-——-BL00}< = 2048 WORDS (EACH WORD = 24 BITS .

Figure 6-7.  ADARIO block format.
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LSB

MSB
le 24 bits 4
23 2019 1615 1211 87 43 0
SHWO SYNC Isb's; blts 23-0
SHW1 | SYNC msb's, bits 245 28 MC, 19 blts
Session SHW2 BLK#,24 bits
Header
Words SHW3 YYMMDD! 24 blis
SHW4 HHMMSS! 24 blts
SHWS BMD;24 bits
SHW6 Mc:l Q. 4bits l SP1 I SST, 17 blts
SHW7 User Defined.8 bits P2, 10 bits , VR, 6 bits
ClHWO|  CcHE 4bus FMT, 4 blss WC, 11 blts | PWS, 5 blts
cirwi| e [oa[82 [92 B RATE. 19 bis
Channel }
Header CIHW2 FB, 8[blts TO,16 blts
Words ciawal m ] ATTEN,shis [0S CHP! 8 bits sP3 ] CHT, 6 bis
CIHW4 SamplgL-1 Sample L.  PWi24 bits 20050
“L SampleiL-4 Samplc L-3 Sampic L-2
Channel 1 CIDW
Data
Words
I Samplcit Sample;2 s;mplzb 3
| —
\ N
—_
CnHWs
gmnncl n
eader + Data
Words CnDWs
Fill Data, All 1's
2048 Words per Block
Figure 6-8. ADARIO data format.
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6.15 Submultiplex/Demultiplex Standards for Multiple Data Channels on a Primary
Digital Multiplex/Demultiplex Channel

For combining multiple low to medium rate telergathannels on a single primary
digital channel such as the ADARIO input chanrted, submultiplex (submux) format is
recommended. The format was developed for tegerapplications where high quantity of
channels must be collected in conjunction with tdgka rate primary channels. The submux
format provides a standard for extending the ADARI@®nary channel or any other primary
digital channel for conveying data from up to 3bchannels in digital aggregate data form.
Each channel is totally autonomous and can be edaisabled at any time. Some of the
features of the submux format are the following:

» accommodates analog, digital clocked and asynclhihrione and annotation text, and
other application specific telemetry channels.

» requires less than 0.3 percent of overhead pemehan
» stores all necessary parameters for channel sigoahstruction in real or scaled time;

» preserves phase coherence between all channelb fates (dc to maximum) and all
types of channels; and

» accommodates variable and fixed rate primary chasfng to 256 Mbps.

6.15.1 _Format StructureGeneral structure of the submux format is based constant block

rate and variable block data length for each chlagette. block. The aggregate data stream is the
sequential collection of each enabled channellolatzk with a three-word header. Each channel
data block is the sequential collection of datapamor events within the block time period. A
reserved channel (channel ID=31) provides framelaygmization and block timing and is

always the first channel in the frame sequencdividual channels can be enabled or disabled at
any time within the rate limitations of the primaryannel. Primary channel redundant
parameter fields such as date, time, and annotat®placed in optional defined channel types,
thereby, minimizing overhead caused by redundardlydata and headers are bit packed into
16-bit words. All fields, unless specifically stdt are binary coded. Physical implementation of
the format may have design restrictions as to tgmesquantities of channels and maximum
allowable field limits.

6.15.2 _Implied Parameters and Limifglaximum aggregate rate (256 Mbps), block ratst f
sample time delay measurement, and internal sapapled are based on a 16-MHz clock rate
divided by 2, where N can be set from 0 to 7 defining the aetiglock. Block rate is based on
the derived clock divided by 20 160 which setsliimit on the total aggregate word count of all
channels in a block period. The maximum block (@88.65 blocks per second) in conjunction
with the 16-bit bit count field, limits the maximusabchannel input rate to 52 Mbps. The 16-
MHz clock limits the time delay resolution to 623&noseconds.
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The maximum number of channels is limited by tHatSield and the reserved block
sync channel to 31 channels numbered from 0 toGtannel ID of 31 is the reserved block sync
channel that conveys timing information. To accardate fixed rate primary channel, fill can
be inserted after the last channel data blocky poithe next block sync channel (at the end of
the frame), and must consist of all binary oned=FRex word value).

Channel priority is fixed in channel number seaqgewith channel ID of 31 (block sync)
first, followed by channel ID 0, if enabled, to cimel ID 30, followed by fill (if required) to
maintain fixed channel rate. Any channel can be afreight channel types. Type 0 channels
convey timing data in the 3-word header and hay@iéd data length of 0. Type other than zero
contains the bit count field that defines the léngftvalid data in the data block. The actual
word length of the data block is the integer ofif{munt + 15)/16}. Channel type also defines
the content of the fields in the header.

6.15.3 _Defined Parameterg&ach channel data block has a 3-word (16-bepbethat contains
the channel ID number, channel type, and othenddfand undefined fields based on the
channel type code. Undefined fields are resergeflture use and should be zero filled. Each
channel header also contains up to 4 status kitsriticate the condition in the current data
block or the condition of the last aggregate frame.

Channel ID 31 is a special form of channel typele first two words are used for
synchronization and are F8C7 BF1E hex value. Tbeklrate clock (BRC) defines the main
clock binary divider and is used for time scaleghal reconstruction. Each increment time
period doubles. “Fill” indicates if the primaryatmel requires fill for fixed data rate.

Channel ID can be any unique number from O torRDdesignates the physical
subchannel used for acquiring the data. Chanpel dgfines the type of data this channel
conveys and is currently defined for O to 5.

A type 0 “time tag” channel typically processe$GRime code data and is used to time
tag the frame. The Days Hours Minutes SecondgiBrad Seconds fields are the content of
IRIG time code input or channel derived and ingame BCD form as the IRIG G time code.

Type nonzero headers contain FMT field that defite format of the sample in bits per
sample, 4-bit status field that indicates any erarwarnings pertaining to the current data
block, bit count field that defines the length efig data in the data block, and time delay field
that (when external clock is used) indicates tHaydom block time to the first sample in the
BRC defined clock periods. When the internal clisckised, as indicated by type or most
significant bit (MSB) of time delay, the sampleiperfield defines the period of the internal
sample clock in the BRC defined clock periods. wternal sample clock is always an integer
divisor of the block period and the first sampleaincident with the block time. In type 1
blocks, this field is used for sequential block mbu

When the internal clock is used with digital sect@annel, the data and clock lines are

sampled at the designated rate and result in dightand eight clock samples per data block
word. Otherwise, all incoming digital data are péed at the incoming clock and results in a
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sample in the data block, with the first samplenpédeft justified in the first word with “format”
designated number of bits starting with the MSBhef sample. Samples are bit sequentially
packed regardless of word boundaries. The lagplgaim the block period is fully packed into
the current data block with the remaining portiéthe word, if any, being left undefined.

6.15.4 _Aggregate Format on the Primary Data Chlarfriguress-9aandb show the defined
types of channel data from which the aggregaternisppsed. The primary data will always
consist of the “frame sync” block followed by onensore unique channel blocks, followed by
fill if required. The frame sync block will be gerated at block rate. Aggregate data may be
clocked by the primary channel or by the submuwoaistant or burst rate depending on the
primary channel characteristics. Data format faddinitions appear iAppendix G Submux
Data Format Field Definitions.

6.15.5 _Submux/Demux FILL Requirementhe submux produces aggregate data at the user
aggregate data rate. In other words, the rateaamalint of data produced on the aggregate
output is directly proportional to the user spedfclock and data format bits and is averaged
over the frame period. This variable aggregata dat is acceptable to variable rate primary
channels or buffered variable rate recorders.

Fixed rate primary channels and fixed rate reasrdequire data at some fixed rate. The
fixed rate is usually set to be the maximum expbater aggregate rate. When the user
aggregate rate is less than the maximum, then somef filler is necessary to maintain the
constant output rate. The format-specified fillrdiprovides this filler and is automatically
generated when the primary channel or fixed raterder provides clocks after the last word of
the last enabled channel is clocked out withinftame period. Fill is always terminated by the
Frame of Block Sync channel, indicating the presesfahe next frame data.

The quantity of fill words is totally dependent thre fixed primary channel rate and the
average user aggregate rate within one frame peNMidimum is zero words when user rates
are at the maximum and equal to the fixed rate mthe overhead). When user rates are at the
minimum, maximum amount of fill will be generateat fmaintaining constant output rate.
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(=)

3=

16 BITS
15 | 14| 13| 12| 11| 10 o 8 7 6§ 5 4 3 2 1
HW1 CHN ID | CHT | FMT | ST1| ST2 ST3 ST
GENERAL
FORM HW2
HW3 | IE | TIME DELAY OR SAMPLE PERIOD
ERAME HW1 CHNID = 1F | CHT=0 | SYNC 1 = F8C7 HEX (FULL W@R
SYNG HW2 SYNC 2 = BF1E HEX
HW3 BRC | FILL | | | | | | | | | ACE | PCR| ST3| sST4
HW1 CHNID=0TO 30 | CHT =0 MSB DAYS (BCD)
TIMETAG | HW2 DAYS | HOURS (BCD) MINUTES (BCD)
HW3 SECONDS (BCD) FRACTIONAL SECONDS
HW1 CHNID=0TO 30 | CHT=1 | FMT =7 | NG OVRPE| OE
HW2 BIT COUNT
ANV [Hwa BLOCK COUNT
TEXT DW1 | MSB 1ST CHARACTER MSB 2D CHARACTER
DWn | MSB LAST CHARACTER UNDEFINED IF NOT LAST
HW1 CHNID =0TO 30 | CHT=2 | FMT =0 | NSIB | OVR [ ST3]| ST4
DIGITAL HW2 BIT COUNT =L
SERIAL HW3 | I/E=0] TIME DELAY
EXTERNAL | DWI DS [ DS, [ DS; [ DS, [ DS; [ DSs [ DS; | DSs | DSy [ DSio [ DSy [ DSi2 [ DSi3 | DSia [ DSys [ DSt
LOCK .
DWn | | | | | | DS..: | DS UNDEFINED IF NOT LAST
Figure 6-9a. Submux data format.
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16 BITS
15 |14 13| 12| 11| 10| of 8 7 6§ 5 4 3 2 1
HW1 CHNID=0TO 30 | CHT=2 | FMT =0 | 0] o] sm3 sT
DIGITAL HW2 BIT COUNT =L
SERIAL HW3 | IE=1 | | | | | | SAMPLE PERIOD
IN(;I—LESC’:\I}?L DW1 [ DS [ DS, [ DS; [ DS [ DS [ DS [ DS [DSs| Cs [Cs [ Cs[cs [Cs[Cs [ Cs [ Cs
DW2 |DS.[DS.[DS.[DS.[DS.[DS. [DS.[DS [CS [CS [CS.[CS [CS.[CS [CS [CS
HW1 CHNID=0TO 30 | CHT=3 | FMT=0-15 (shown =BNSIB | OVR| ST3| ST4
DIGITAL HW2 BIT COUNT =L
PARALLEL HW3 I/E=0 | TIME DELAY
EXTERNAL DW1 | MSB TTSAMPLE | MSB 2" SAMPLE | 3 SAMPLE
CLOCK :
DW2 | MSB LAST SAMPLE LSB=BIT L UNDEFINED IF NOT LA%
HW1 CHNID=0TO 30 | CHT=4 | FMT=0-15(shown=7)AOR | ST2 | ST3] ST3
HW2 BIT COUNT = L
ANALOG HW3 | IE=1 | | | | SAMPLE PERIOD
WIDE BAND DW1 | MSB 1ST SAMPLE MSB 2ND SAMPLE
DWn | MSB LAST SAMPLE UNDEFINED IF NOT LAST
HW1 CHNID=0TO 30 | CHT =5 | FMT =0-15 (shown = 7YAOR | RAOR| ST3| ST4
HW2 BIT COUNT =L
ANARS HW3 | VE=1] ENL | ENR | | SAMPLE PERIOD
o g "R DW1 | MSB FTSAMPLE “L” MSB 1" SAMPLE “R”
DWn [ MSB LAST SAMPLE UNDEFINED IF NOT LAST
FILL | FW | FILL WORD — FFFF HEX

Figure 6-9b. Submux data format.
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6.16 1/2 Inch Digital Cassette (S-VHS) Helical ScaRecording Standards

These standards are for helical scan digital ntagtepe recorder/reproducers using the
very large data store (VLDS) format. This standartitended for applications where compact
size is needed and bit rates do not exceed 32 oregrabits per second (Mbps). The VLDS is a
12.65 mm (1/2 inch) S-VHS (850 oersteds nominaéllia based tape format. This standard
describes the salient features of the LDS forriat.ensure crossplay compatibility between
recorders of different manufacturers, refer to MetiDatatape document number 16829019,
M64/32HE Magnetic Tape Recorder/Reproducer TaperabiSpecification

T Metrum-Datatape is now Sypris Data Systems andsfiesification
NOTE may be updated in the near future to reflect thange in name. A
ﬁ / pdf copy of this specification can be obtained alirg (303) 773-
R 4701. Many of the specifications listed in thispter have been
adapted from this document.

6.16.1 _Tape and Tape Cartridgehe tape shall conform to Magnetic Media Labamat
(MML) Document Number 93-1Specification for Rotary Instrumentation MagnetecBrding
Tape, 68KA-M (850 oerstedsated 16 February 1993 and the tape cartridgecdrdorm to
SMPTE 32M (1998)Yideo Recording — %2 in. Type H — Tape and Recbrds.

6.16.2 _Format TypesThere are four standard formats: two B fornpatvide 32 Mbps

standard density or 64 Mbps high density for mpgliaations where severe environmental
conditions are not encountered, and two E formaigigee 16 Mbps standard density or 32 Mbps
high density for harsh environments involving emtes of vibration and temperature. A tape
made on a standard density system may be reprodaucadhigh density system. Relative to the
B formats, the E formats use a 100 percent largektpitch, an 81 percent larger track width,
and a larger guard band providing a very large imdoy accurately tracking and recovering
data under extreme conditions. The E formats pewnly about one-half the data storage
capacity of the B format but can be played back &format system.

6.16.2.1 _B FormatThese formats originate from helical scanned@mgntations using four
helical heads organized in pairs at 188paration. The heads are both read and write
functionally and are supported by two parallel eétead/write electronics referred to as data
channels. Helical track dimensions are given guFé6-10.

6.16.2.2 _E FormatThese formats originate from helical scannedémgntations using two
helical heads with wider track widths at 2&@paration on the scanner. The heads are bath rea
and write functionally. One set of read/write aitevonly electronics is required. Helical track
dimensions are given in Figuéell

% Formerly ANSI V98.33M.
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TAPE. MOTION

AZIMUTHS:
K1 -- 6 LEFT
TK 2 == 6 RIGHT

5' 58' 58.4"

ONE SCANNER ———
REVOLUTION
(1 Principal Block)

X

(176.960)

DIMENSIONS IN MICRONS

Figure 6-10. Helical track dimensions, B format.

TAPE MOTION

AZIMUTHS:
™ { -~ 6 LEFT

' 58' 58.4"

ONE SCANNER —
REVOLUTION
(1 Principal Block)

X

(176,960)

DIMENSIONS IN MICRONS

Figure 6-11. Helical track dimensions, E format.
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6.16.3 _Data StorageData are recorded onto 12.65 mm (1/2 in.) widgmetic tape using both
rotating and fixed heads (see Fig6ré2). The rotating heads record data in adjacenktrac
patterns at an inclined angle to the normal taptomo The fixed heads record data on tracks
parallel to the tape motion. The fixed head traaresused for control and servo purposes and do
not directly record user data.

6.16.4 _Physical Relationship#aintaining high accuracy of the ratio betweearsmer

rotational speed and tape speed (1.5492 mm (0.i0616f tape motion per scanner rotation) is
critical to maintaining the format geometry. Headl tape speed will vary accordingly with
changes in the other two speed parameters. Tée #peed parameters vary linearly with
desired user data rates. Parameters used wittr @ats rate of 32 Mbps (B) or 16 Mbps (E) are
as follows:

user bits/helical track 22131 072 bits (16 kilobytes)

scanner diameter 62.000 mm + 0.008/-0.000 mm (2.44
in. + 0.0003 in.)

scanner rotation speed 3662.1 rpm

tape speed 94.55 mm/sec (3.72 in./sec.)

head/tape speed 11 794.30 mm/sec (464.34 in./sec.)

helix angle (head rotational

plane to ref. edge of tape) 5 56' 7.4" basic dimension

refer to Metrum Document
16829018°

0.35N + 0.02N

head gap length

tape tension (inlet side of
scanner)

6.16.5 _Helical Track OrganizatiorEach group of four helical tracks resulting frome

complete revolution of the scanner (two helicatksafor the E formats) is termed a principal
block on the tape. A principal block is the smstlimcrement of data that may be written to or
read from the tape. Each principal block is assiiga unique number, which is recorded as part
of the helical track. Helical tracks containingudata begin with the number 1 and are
sequentially incremented on the tape up to thedigpaf the cartridge. Whenever new data are
appended on a previously recorded cartridge, thedzga are precisely located to begin with the
next helical track location after the previous efdata point with no interruption or
discontinuity in track spacing.

6.16.6 _Recorded InformatiorThe following subparagraphs contain addition&imation.

6.16.6.1 Add overhead bytes generated by ermection encoding algorithms.

16 See paragraph 6.16.
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6.16.6.2 Provide preamble and postamble patferrisolation of the information at the
beginning and end of the helical tracks.

6.16.6.3 Provide clock synchronization pattemfatilitate clock recovery at the beginning of
each helical track.

6.16.6.4 Add patterns throughout the helicalkitacmaintain synchronization and counteract
bit slips during data extraction.

6.16.6.5 Provide redundantly recorded principatk numbers for organizing data on the
cartridge.

6.16.6.6 Include a user specifiable volume l&beidentifying the entire cartridge.

6.16.6.7 Add miscellaneous data used to conveyriration about the organization of data on
the cartridge and within the helical tracks.

6.16.7 _Recording Geometry and Physical Dimensidnsluded in the following subparagraph
are the recording geometry and the physical dino@issi

6.16.7.1 _Tape Reference Edgehe tape reference edge for dimensions spedifiduls section
shall be the lower edge as shown in FigswE2. The magnetic coating, with the direction of
tape travel as shown in Figure 6-10, shall be ithe facing the observer.

6.16.7.2 _Helical TracksContained in the succeeding subparagraphs areelical tracks
attributes.

6.16.7.2.1 Track Widths The width of a written track shall be 0.032 mth@02 (0.0013 in.
+ 0.000079) for the B formats and 0.058 mm + 0.@MRAG23 in+ 0.000079) for the E formats.

6.16.7.2.2 _Track PitchThe distance between the center lines of anyatlyacent tracks,
measured perpendicular to the track length, steall. 5404 mm (0.0016 in.) for the B formats
and 0.0808 mm (0.0032 in.) for the E formats.

6.16.7.2.3 _Track Straightneskither edge of the recorded track shall be ¢oethwithin two
parallel straight lines 0.005 mm (0.0002 in.) apdrhe center lines of any four consecutive
tracks shall be contained within the pattern of fimlerance zones. Each tolerance zone is
defined by two parallel lines, which are inclingdaa angle of 558' 58.4" basic with respect to
the tape edge. The center lines of the toleraoneszshall be spaced 0.0404 mm (0.0016 in.)
apart for the B format and 0.0808 mm (0.0032) afeairthe E format. The width of the first
tolerance zone shall be 0.007 mm (0.00028 in.)e Wiith of tolerance zones two, three, and
four shall be 0.011 mm (0.0004 in.). These toleeszpnes are established to contain track
angle, straightness, and pitch errors.

6.16.7.2.4 _Gap AzimuthsThe azimuth of the head gaps used for the Hetamek recording
shall be inclined at angles of #6415’ to the perpendicular to the helical traclorddsee Figures
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6-10and6-11). For the E formats and for the first and thiatks of every principal block of

the B formats, the recorded azimuth is orientetthénclockwise direction with respect to the line
perpendicular to the track direction when viewexhfithe magnetic coating side of the tape. For
the B formats, the second and fourth tracks of geicitipal block are oriented in the
counterclockwise direction.

6.16.7.2.5 _Track Guard Band$¥he nominal unrecorded guard band between aoatjacent
helical tracks shall be 0.008368 mm (0.0003 i xte B formats and 0.022737 mm (0.0009 in.)
for the E formats.

6.16.7.2.6 _Track AngleThe track angle shall bé 58' 58.4".
6.16.7.2.7 _Track LengthThe track length shall be 96.619 mm (3.80 in.).
6.16.7.2.8 _Physical Recording Densifjie maximum physical density of the recording Ishal

be 1930 or 3776 flux transistors per millimetepiffim) respectively for the 32 and 64 Mbps
systems.

6.16.7.3 _Longitudinal TracksThe characteristics of the longitudinal trackes @escribed in the
subsequent subparagraphs.

6.16.7.3.1 _Servo TrackThe servo track is located along the referenge ®f the tape as
shown in Figuré-12 The azimuth angle of the servo track head gaf) Bk perpendicular to

the recorded track. The recording of the servektis composed of a recorded pulse (nominally
0.0185 mm (0.0007 in.)) for each principal blocktba tape. The recording shall achieve full
magnetic saturation for at least half the pulske fime duration of the pulse is determined by
the tape speed to yield this physical dimensionrifg the interval between pulses, no magnetic
recording occurs on the track. The pulse is titodokegin coincident with the midpoint of the
principal block (the data channel switches fromtfio second head). The physical offset from
the longitudinal head to the helical heads is showFigures6-10, 6-11, and6-12 as dimension
N

6.16.7.3.2 _Filemark TrackThe filemark track is located near the top ef téype as shown in
Figure6-12 The azimuth angle of the filemark track head sfagll be perpendicular to the
recorded track. The recording of the filemark kresccomposed of a series of pulses located in
conjunction with the principal block to be markelach filemark is composed of three
redundant pulses (nominal 0.005 mm (0.0002 irT}je three pulses are typically spaced 0.029
mm (0.0011 in.) apart with a maximum span of 0.08 (8.0035 in.) from the beginning of the
first to the beginning of the third. This tripleft pulses is for redundancy against tape flaws and
on detection are treated as one filemark regardieafdether 1, 2, or 3 pulses are detected. The
filemark pulses are associated with a specificqipil block by initiating the first pulse between
4 to 5.5 msec after the midpoint of the principachk. (Data channel switches from first to
second head.)
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AUDIO GUARD

TAPE MOTION
-—

=

o
FILEMARK TRACK 7

SERVO TRACK

@ CONTROL HEAD

\——— REFERENCE EDGE

DIMENSIONS MILLIMETERS
A TAPE WIDTH 12,65 £ 0.01
B HEADSWITCH START OF CH § TRACK FROM REFERENCE EDGE 1.10 £ 0.01
C  SERVO TRACK WIDTH 0.45 £ 0.05
D AUXILIARY TRACK WIDTH 0.35 £ 0.035
E  FILEMARK TRACK WIDTH 0.35 £ 0.035
F FILEMARK TRACK FROM REFERENCE EDGE 11.82 £ 0.05
K AUDIG GUARD BAND 0.30 £ 0.035
P HELICAL TRACK PITCH 0.0404
W HELICAL RECORDING EFFECTIVE AREA 10,11 (TK1 & TK2)
X LONGITUDINAL HEAD POSITION (176.960 REF)
@ HELICAL TRACK ANGLE 5 58' S8.4"

HELIX ANGLE 5 56' 7.4"

Figure 6-12.

Recorded tracks on tape, B format.
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6.16.8 _Tape Cartridge Formathe physical format of the recording along tegth of the
tape is shown in Figurg-13 Immediately following the physical beginningtape (PBOT) is
an unused portion of tape, followed by the casdettaat zone, which precedes the logical
beginning of tape (LBOT). Principal blocks of usiata shall be recorded between LBOT and
the logical end of tape (LEOT), which precedesghgsical end of tape (PEOT).

LOAD
PBOT POINT LBOT LEOT PEOT

4
; E UNUSED |FORMAT ZONE | DATA £ Z Z

Figure 6-13. Tape cartridge layout.

6.16.8.1 _Load PointThe load point is defined as the first poineaffPBOT accessible by the
recording system with the tape fully engaged tosttenner.

6.16.8.2 _Format ZoneThe format zone begins at the load point, prese¢tle LBOT, and
consists of a minimum of 450 principal blocks refsat on the tape. It provides a run up area for
the servo systems and principal block identifiaa@diowing precise location of the LBOT
where user data begin. The zone must be preraettodeepare the cartridge to accept user
data. This process involves locating at the lazidtpand beginning recording as soon as tape
speed servo lock is achieved. The principal blaeksrded are numbered beginning with a
negative number and counting up until principatkl® is recorded. Principal block 0 shall be
the last recorded block in the format zone. Ppalkblocks recorded in the format zone do not
contain user data or error correction coding (E6@rhead bytes, but do contain the remaining
miscellaneous information described in parag@lé.6and in the helical track data format
descriptions. The volume label for the cartridgérieversibly determined at the time the format
zone is recorded.

6.16.8.3 _Logical Beginning of Tap&he logical beginning of tape denotes the entthef
format zone and the point at which principal blockstaining reproducible data begin. The first
principal block containing useful information shia# assigned the number one.

6.16.8.4 _Data ZoneBeginning with principal block 1 at LBOT and ¢ming through to
LEOT, the data zone shall be the principal blotlet tecord user data as well as the added
miscellaneous information to allow full reproductiand management of the data on the tape
cartridge.

6.16.8.5 _Logical End of Tapéerhe logical end of tape is a physical principiaick count. The
principal block count for the standard ST-160 tegdridge is 210 333.
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6.16.9 _Helical Track FormafThe format for writing data into a single helitack is shown in
Figure6-14 The term "bits" refers to actual on tape bitsceEach helical track begins with a
preamble area consisting of 6216 bits of an alterggattern of three 0 bits and three 1 bits for
the 32 Mbps system or 9240 bits for the 64 Mbpgesys This 6-bit pattern is repeated 1036 or
1540 times. The preamble is followed by a tragkckyonization area. This area provides for
obtaining registration to the track data patterti$s composed of four zones of 732 bits each
with an alternating 0- and 1-bit pattern that fitgaies clock recovery. Each of these four zones is
followed by a 36-bit sync pattern. These syncepatt are described more fully in subparagraph
6.16.9.1 The track synchronization area ends with 24 dfisn alternating pattern of three 0
bits and three 1 bits. The central area is whetgahuser data are recorded in 138 data blocks
for the 32 Mbps system or 276 data blocks for thd/ps system. Each data block contains
205 5/6 modulation code frames of interleave dataftotal of 1230 bits.

BEGINNING OF TRACK END OF TRACK ﬁ
PREAMBLE | TRACK DATA DATA 0000000 DATA BLOCK 138 | POSTAMBLE
SYNC BLOCK 1 BLOCK 2 (276)
205 5/6 CODE FRAMES SYNC 2448 (3072) BITS
INTERLEAVE DATA 000111000111...
6216 (9240) BITS 6 BITS 6 BITS 6 BITS 6 BITS 6 BITS 6 BITS
000111000111... WORDO | WORDI | WORD2 | WORD3 | WORD4 | WORDS5

732 BITS | SYNC [732BITS | SYNC | 732 BITS | SYNC | 732 BITS | SYNC| 24 BITS
010101... 010101... 010101... 010101... 000111...

6 BITS 6 BITS 6 BITS 6 BITS 6 BITS 6 BITS
WORDO WORD1 WORD2 | WORD3 | WORD4 WORDS

(n) = VALUE FOR 64 Mbps SYSTEMS

Figure 6-14. Helical track format.
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This data is followed by a 36-bit sync pattern.nSpatterns and interleave data are more
fully described next. Each helical track ends withostamble pattern of three 0 bits and three 1
bits. This is the same pattern as the preambtempiling all bits yields an overall track total of
186 468 tape bits for the 32 Mbps system and 3@4&2e bits for the 64 Mbps system. Since
each contains 131 072 or 262 144 user bits, ovdsha@ 29.7 and 28.1 percent.

6.16.9.1 _Sync Pattern&ach helical track contains 142 or 280 synogpastas shown in Figure
6-14. Four of these are contained in the track syea aith the remaining 138 or 276
distributed at the end of each data block. Thggee patterns provide registration to the bit
sequence and allow management of bit slips. Tdekt@nd data sync consists of 36 bits in the
form of six 6-bit words. The first five words afee same for all sync words. They are:

WORDO 2M WORD3 OF,
WORD1 2M WORD4 2h
WORD2 0G,

WORDS5 defines which sync word is being issued anftillowing manner:

Sync Location Words Sync Location Words
Track Sync 1 39 Data Sync 4 2%
Track Sync 2 35 Data Sync 5 2B
Track Sync 3 2R Data Sync 6 2%
Track Sync 4 1R : :
Data Sync 1 2B :

Data Sync 2 28 Data Sync 279 2B
Data Sync 3 2B Data Sync 280 S

6.16.9.2 _Data BlocksEach helical track contains 138 or 276 data [dpelhich record the user
data as well as miscellaneous information useddating and managing data on the tape
cartridge (see Figur@-14). The construction of these data blocks is peréat by each
channel's data path electronics. Fig@rg5Sillustrates a typical block diagram of a chanreiad
path as described in the following subparagraphs.

6.16.9.2.1 _Error Correction Encodingn interleaved Reed-Solomon (RS) code is used fo
error detection and correction. An outer ECC igligd to written data first which is an RS (130,
128) for purposes of error detection only. An inBEC is subsequently applied which is an RS
(69, 65) for error detection and correction. Tésutting encoded data is stored in a multiple
page interleave buffer memory array containing s by (2¢69) or (8+69) columns of
encoded user data. For the outer ECC, incomirgyidatrranged in groups of 128 bytes each.
The outer ECC encoder appends 2 check bytes tol@dchyte block. For the inner ECC, the
130 byte group resulting from the outer ECC isdidd into two 65 byte blocks. The first 65
byte block (ECC code words 1, 3, 5, ...) contalhaser data while the second 65 byte block
(ECC code words 2, 4, 6, ...) contains 63 bytassef data with the last 2 bytes being the check
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bytes generated by the outer ECC. The inner E@Gdmn appends 4 check bytes to each 65
byte block.

. PAGE SWITCH
PEN (PRINCIPAL BLOCK NUMBER)
(FROM TRANSPORT CONTROLLER CCA) )
Ironu'insu cex ’ - - 'I
. 1 .
1 ! [
| PAGE 1 [ DATA
H
RECORD I /6 CODER I !
MODE | _DATA '
' 5 !
' PAGE 2 _j !
.
- l PREAMP | -
R,
Fcc CCA | oama l | cca —]
H l ? ! TIMING } ! 1
. |
| DATA I TIMING : M DUAL llm pppd
- ENCODER ! HEAD [
L LI lst‘;ract_n l SEQUENCER I | ORIVER ! weaos (2)
s ' SYNCHRONIZATION |
I ) PATTERNS l : l ; ‘
I
e - i
v v v ! H :
10 | _HANDSHAKE | D.YA[ i ;
KOST ! —1 1
' TIMING SEQUENCER| ' ' DUAL !
) PAGE X PREAMP
DATA  [SWITCH I £LOCK] | !
DECODER H ]
AND ERROR | \ '
CLOCK CORRECTOR | TIMING H !
e
. LT
i ' PAGE 1 i m‘ru \ REPRODUCE SIGNALS
;
DATA l ——
81T SYNC
j (O I | ,cca ] ]
= l | DATA ! l 2 |
i s ——] EQUALIZER
| : PAGE 2 5/6 CODER \ '
'
REPRODUCE [ | mrsme I
MODE
Sy SR | I
PBN (PRINCIPAL BLOCK l ; v - ——
(TO TRANSPORT CONTROLLER CCAl |
L PAGE SWITCH

NOTE:
ONE CHANNEL CONFIGURATION ILLUSTRATED.
1F PRESENT, THE SECOND VLDS CHANNEL
CONFIGURATIONS ARE ESSENTIALLY IDENTICAL

TO THAT SHOWN. -10-0vre

Figure 6-15. Typical VLDS data path electronicsckldiagram.
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Operations in the RS encoder are performed usinghets in a finite field (also called a
Galois field (GF)). The field used contains 25b6iBelements and is denoted GF (256). The
representation of GF (256) used is generated bpitteey degree eight primitive polynomials.

pX) =X +x* + X+ ¥ + 1 outer ECC
px) =¥ + X+ X + x + 1 inner ECC

The ECC generator polynomials are:

G(x) = (x+&% (x+&) outer ECC
G(x) = (x+1) (x+a) (x+3 (x+&)  inner ECC

where "a" denotes the primitive element of thedfiel

6.16.9.2.2 _Interleave BuffelEncoding data from the two levels of ECC areeston an
interleave buffer memory. The architectures fag themory are shown in Figugel6. This
buffer allows interleaving of the encoder datatellleaving spreads adjacent ECC code word
bytes within a helical track for the 32 Mbps systenminimize the effect of burst error events.
For the 64 Mbps system, interleaving spreads adid&€C code word bytes within two helical
tracks (two helical tracks per channel per prinicipack) to further minimize burst error effects.
Data to and from the ECC are accessed along haoalzaws in the memory matrix. Data to and
from tape are accessed along vertical columnsemtémory. Each column in the matrix
consists of 128 bytes that will constitute one klocthe helical track format (see Figugel4).

6.16.9.2.2.1 _Exchange of Data with EC@ddressing of the interleave buffer for exchaiog
data with the ECC for the 32 Mbps systems is deviat

ECC Code Word  Address Range (hexadecimal

1 0080 to 00C4
2 0000 to 0044
3 0180 to 01C4
4 0100 to 0144
5 0380 to 03C4
6 0200 to 0244
253 7E80 to 7TEC4
254 7E00 to 7E44
255 7F80 to 7FC4
256 7F00 to 7F44
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INTERLEAVE BUFFER ARCHITECTURE FOR 32 Mbps SYSTEMS

128 ROW:

ECC CODEWORD 102#

B

69 BYTES

l

69 BYTES

'
'
'
'
'
i
'
1
I
1
I

CC CODEWORD 7691
ECC CODEWORC 770

bl
ECC_CODEWORD 896

e

¥

CODEWORD 641
CC CODEWORD 642
¢C LODEWORD 942

o
£CC_CODEWORD_768:

ECC_CODEWORD 640

ECC_CODEWORD 512

e

ECC_CODEWORD 3841

[

ECC_CODEWORD 1

NV

8L

4
Zh
4

©

SLT

81
"t

-

T

8l
ot

ez

Sk

~

p124

X2078

A0078
Ado07e
X078

¥0018
%0078

#0718

0018
%0078
%078

%2078
X078

018
no018

%0078
%0078

%0078
no01e

#3076
X078
X078
%078

%0078
X078

%0078

%0078
%0078
%2078

%018
%0018

%0078

o078
%078
%2018

%0078
%0078

%0078

%0018
%078
%7078

»08
€018

208

%018
noa
%5018

X008
o0

yiva

viva
Yivg

vivQ
viva

viva

viva
¥iva
vivg

viva
Vivg

viva

viva
vivd
viva

viva
Viva

viva

viva
viva
yiva

viva
viva

viva

Yive
viva
viva

viva
Yiva

Yiva

viva
Yivg

vive
viva

viva

viva
viva
viva

vivo
viva

viva

viva
viva
viva

viva
viva

DATA BLOCK x or x'

x = DATA BLOCK IN FIRST TRACK OF PRINCIPAL BLOCK
x' = DATA BLOCK IN SECOND TRACK OF PRINCIPAL BLOCK

1 AND 2 USE THE SAME INTERLEAVE SEQUENCES

CHANNFI

Interleave buffer architectures.

Figure 6-16.
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Addressing of the interleave buffer for exchanfdaia with the ECC for the 64 Mbps
systems is as follows:

ECC Code Word  Address Range (hexadecimal

1 00000 to 00044

2 00400 to 00444

3 00800 to 00844
128 1FCO0 to 1FC44
129 00080 to 000C4
130 00480 to 004C4
256 1FC80 to 1FCC4
257 00100 to 00144
258 00500 to 00544
512 1FD80 to 1FDC4
513 00200 to 00244
514 00600 to 00644
1024 1FF80 to 1FFC4

Each code word is 69 bytes long. The addressiments by hex 001 for each byte in a code
word. The first data byte sent to/from the ECCefach helical track is stored in location 000.

Exchange of Data To and From Tap&ddressing of the interleave buffer for exchanfidata
to and from tape for the 32 Mbps system is as \figllo

Data Block Address Range (Channél 1 Address Range (Channgl 2

OO~ WNE

68
69
70

0000 to 7F00
0080 to 7F80
0001 to 7F01
0081 to 7F81
0002 to 7F02
0082 to 7F82

0021 to 7F21
00Al to 7FAl
0022 to 7F22
00A2 to 7TFA2

0022 to 7F22
00A2 to 7FA2
0023 to 7F23
00A3 to 7FA3
0024 to 7F24
00A4 to 7TFA4

0043 to 7F43
00C3 to 7FC3
044 to 7F44

00C4 to 7FC4
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Data Block Address Range (Channél 1 Address Range (Channél 2

71 0023 to 7F23 0000 to 7F00
135 0043 to 7F43 0020 to 7F20
136 00C3 to 7FC3 00AO to 7FAQ
137 0044 to 7F44 0021 to 7F21
138 00C4 to 7FC4 00A1 to 7FA1

Each data block is 128 bytes long. The addresginents by hex 0100 for each byte in a data
block. The first byte sent to/from tape for ealshrmel 1 helical track is stored in location 0000.
The first byte sent to/from tape for each channedltal track is stored in location 0022.

Addressing of the interleave buffer for exchangedath to/from the 64 Mbps system is as
follows:

Data Block Address Range (hexadecimal

1 00000 to 1FC00
2 00080 to 1FC80
3 00100 to 1FD00
4 00180 to 1FD80
8 00380 to 1FF80
9 00001 to 1FCO1
10 00081 to 1FC81
275 00122 to 1FD22
276 001A2 to 1FDA2
1 00222 to 1FE22
2 002A2 to 1FEA2
3 00322 to 1FF22
8 001A3 to 1FDA3
o 00223 to 1FE23
10’ 002A3 to 1FEA3
275’ 00344 to 1FF44
276" 003A4 to 1FFA4

Each data block is 128 bytes long. The addresginents by hex 0400 for each byte in a data
block. The first byte sent to or from tape fortbohannels is stored in location 00000. The
interleave buffer extends across both helical tsaicka principal block for each channel, thus
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the data block number “n” refers to the data blaokthe first helical track of the principal block
and the data block number “n’ ” denotes the datadid number in the second helical track of the
principal block.

6.16.9.2.3 _8to 5 Conversiofata being moved from the interleave bufferajoetis read from
the memory in 8-bit bytes and is immediately coteto 5-bit groups in preparation for
modulation coding. During reproduction, this corsien occurs in reverse fashion. The
algorithm for conversion is detailed in Metrum Sfieation16829019”

6.16.9.2.4 _Miscellaneous Information Inclusidach data block in the helical track includes
one additional bit added to the data set prior éamation coding. Each data block removed
from the interleaved buffer memory consists of b2&s of ECC encoded user data totaling
1024 bits. Conversion from 8-bit bytes to 5-bibgps results in 204 groups plus 4 bits. A
miscellaneous information bit is added to each bhtek as the 1025th bit to complete 205 full
5-bit groups. Miscellaneous information is curhgwtefined only in the first helical track of
each principal block. The remaining three heltcatks (1 in the E format) contain no defined
miscellaneous bits and are reserved for futureresipa. Any reserved miscellaneous
information bits shall be recorded as 0 bits. @&Bned purposes of miscellaneous information
bits in the first helical track of each principabtk are the following:

Data Block Miscellaneous Bit Definition

1 to 20 inclusive First copy of 20-bit princigalbck number:
2s complement binary; least significant bit in
data block 1; most significant bit in data
block 20.

21 to 40 inclusive Second copy of 20-bit printipack
number: 2s complement binary; least
significant bit in data block 21; most
significant bit in data block 40.

41 to 60 inclusive Third copy of 20-bit princigalbck number:
2s complement binary; least significant bit in
data block 41; most significant bit in data
block 60.

61 to 76 inclusive Volume label: 16-bit binargabt significant
bit in data block 61; most significant bit in
data block 76.

77 to 80 inclusive Revision number: 4-bit codalue at time of
writing is 0001 (f).

7 See paragraph 6.16.
6-54



Data Block

Miscellaneous Bit Definition

81 to 84 inclusive

81 bit =

81 bit =

82 bit =

82 bit =

83 and 84

85 to 138 or 276 inclusive

4-bit tape information codd@kws:

0 denotes all helical data was input
as user digital data.

1 denotes input data stream to each
channel. The ECC was 15 bytes of
user digital data beginning with first
byte plus 1 inserted byte from a
different source in a repeating
fashion. This bit must be uniformly
set for the entire cartridge including
the format zone. Itis used to
support mixing of digitized analog
data into the digital stream and
separation on reproduction.

0 denotes cartridge size is ST-120
for purposes of determining LEOT.
This bit must be set for the entire
cartridge including the format zone.
1 denotes cartridge size is ST-160
for purposes of determining LEOT.
This bit must be set uniformly for
the entire cartridge including the
format zone.

Reserved for additional tape infdiom coding.

Reserved for futureamgion.
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6.16.9.2.5 _Modulation CodeData is encoded using a 5/6 modulation codehtasita spectral
null at dc. The coding algorithm employed has @ecaord digital sum (CWDS) maximum of
+2 with a maximum run length of 6 bits. The 20bibgroups resulting from the 8 to 5
conversion (including the inserted miscellaneot)suridergo this coding to form the final 5/6
code frames that are physically recorded in tha tktdcks of the helical track format. The
algorithm for coding is detailed in Metrum Spedifion number 16829019.

6.17 Multiplex/Demultiplex (MUX/DEMUX) Standards for Multiple Data Channel
Recording on % Inch Digital Cassette (S-VHS) Helid&scan Recorder/Reproducer Systems.

For recording and reproducing multiple channeldhinch digital cassette (S-VHS)
helical scan recorders, the asynchronous realtioléplexer and output reconstructor
(ARMOR) multiplex/demultiplex format is recommende@ihe ARMOR data format is an
encoding scheme that may be used to multiplex ptelisynchronous telemetry data channels
into a single composite channel for digital recoglitransmission, and subsequent
demultiplexing into the original constituent chalsne

6.17.1 _GeneralData types supported by the ARMOR format are P@h&jog, decoded IRIG
time, and 8-bit parallel. MIL-STD-1553Bdata is encoded into an IRIG 106 Chapter 8 serial
PCM stream prior to multiplexing into the ARMOR fioat. Voice channels are encoded in the
same way as all other analog channels. The cotepdsannel is formatted into fixed bit-length,
variable word-length frames. A constant aggregéteate and a fixed frame bit-length are
established for each multiplex by an algorithm ibatependent on the number, type, and rate of
the input channels. The aggregate bit rate amdefriait length result in a fixed frame rate for
each multiplex. The ARMOR encoding scheme capttirephase of each input channel relative
to the start of each composite frame. The denteltipg process may then use the captured
phase information to align the reconstruction ef ¢tbnstituent channels relative to a reproduced
constant frame rate.

6.17.2 _Setup Block Formatn addition to defining the organization of tmarhes containing

the multiplexed data, the ARMOR format incorporates definition of a “setup block” that
contains the parameters necessary to demultipteaghociated data frames. The setup block is
included in the composite stream at the start ofi @acording to preserve with the data the
information necessary to decode the data. Appendigfines the setup block format and
content.

6.17.3 _Multiplexer FormatThe definition of the ARMOR multiplex format hago parts. The
frame structure definition describes the organiratf the composite data frame, which changes
from one multiplex to the next. The channel codiefjnition describes the encoded data word
format for each data type, which is the same fomaltiplexers.

8 MIL-STD 1553B (1996), Digital Time Division CommafResponse Multiplex Data Bus.
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6.17.3.1 _Frame Structur@he sequence of steps used to establish thephexitd frame
structure, shown in Figuig 17, is explained in Tablé-12 The process involves putting the
sync, PCM, parallel (PAR), time code, and analaanciels into a frame. The filler blocks may
consist of either constant (hex FF) bytes or anafogples, depending upon the constituent input
channel mix. The PCM Sample Start Bit Point arelRarallel Sample Start Bit Point are based
on calculations of the master oscillator, paced, the bit rate of the slowest PCM and word rate
of the slowest parallel channels respectively. p&eer is a clock pulse that is programmed to a
multiple of the fastest analog channel sample rateese calculations assure that the first word
of the slowest PCM channel or the first word of sfewvest parallel channel is not placed too
early in the composite frame. If necessary tesBathese Start Bit Point calculations, filler in
the form of analog channel words or hex FF (if nalag words are available) is used to force
the first PCM or PAR word later in the compositenfie. Compatibility with specific legacy
versions of the format requires the use of the @mjmte e%uations, which are embodied in a
software program, refer to Calculex Part No. 199068@2"

Step 1 2 3 4 5 6 7
1(2]..m 1(2 .. m
112|134
Sync (Er"tlierr:e PCM Channel Filler PAR Channel Filler
Code) Blocks Blocks
Figure 6-17. The steps of the build process.

Part Number 199034-0002, available from CALCULEMXG.| P.O. Box 339, Las Cruces, NM 88004 (505) 525-
0131 or by email to info@calculex.com.
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TABLE 6-12. SCANLIST BUILD STEPS

(Reference scanlist in Figuéel?)

Step #1

Sync

The sync is made up of four byteshifs8totaling 32 bits:
FE 6B 28 40

Step #2

Time Code

If time code exists, it is plaafdr the sync in three words o
bit length 24, 24, and 16. Multiple time codes gisxed in
ascending hardware sequence, as identified inettog dlock.

Step #3

Filler (PCM Start
Bit)

If required, either filler or analog channels alacpd next,
depending on the calculation of the PCM Samplet 8iar
Point. If no analog (or voice) channels are inellich the
multiplex, hex value “FF” filler is inserted in tHeame as
required to satisfy the PCM Sample Start Bit Poaitulation.
When analog channels are part of the multiplexicgnaords
are used in place of hex FF filler to minimize fbematting
overhead.

Step #4

PCM Channels

The PCM channels are placedmascending order of spee
with the slowest channel first. Multiple channaighe same
speed are placed in ascending hardware sequeridentified
in the setup block.

Step #5

Filler (PAR Start
Bit)

If required, either filler or analog channels alacpd next,
depending on the calculation of the PAR Samplet Biar
Point. If no analog (or voice) channels are inellich the
multiplex, hex FF filler is inserted in the frame r@quired to
satisfy the PAR Sample Start Bit Point calculatiddhen
analog channels are part of the multiplex, any reimg
analog words that were not inserted in the franstegt 3 are
used in place of hex FF filler to minimize the fatting
overhead channel.

Step #6

PAR Channels

The PAR channels are placeédmascending order of spee
with the slowest channel first. Multiple channaighe same
speed are placed in ascending hardware sequeridensified
in the setup block.

1=5

Step #7

Filler (Analog
Channels)

All remaining analog words that have not been dsedlller
in steps 3 and 5 are placed next, followed by atujt@nal

filler required to satisfy the pacer divisor cakatidn.
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6.17.3.2 _Pacer Divisor Calculatiomhe number of analog samples per ARMOR frameé&mh
analog channel must be evenly divisible into theaber of bits per ARMOR frame. The initial
bits per ARMOR frame are calculated to minimize élggregate bit rate of the composite. Filler
is then added to satisfy the divisibility rule &t ¢he pacer clock speed. This step is referred to
as the pacer divisor calculation since the paseifits derived from the same master oscillator as
the aggregate bit rate clock.

6.17.3.3 _ARMOR Channel Codindeach input data channel is encoded into 8-, 11, or 24-
bit words, depending on the type of channel. Tihkehgth of an ARMOR frame is always an
integer multiple of eight, so 12-bit words mustarcan even (multiple of two) number of times
within each frame. The data within a frame isaBriconcatenated most significant bit first.
Table6-13 which is an example of an ARMOR frame with twalarg, one parallel, four PCM,
and one time code channel, is referenced in thevioslg descriptions.

TABLE 6-13. SAMPLE ARMOR FRAME

Frame Item Description Words/Frame | Bits/Word
Sync Pattern X'FE6B2840’ 1 32
Time Code Ch#1 Encoded Time 2 24
Time Code Ch #1 Encoded Time 1 16
Filler X'FF 7 8
PCM Ch#1 Encoded User Data 130 16
PCM Ch#2 Encoded User Data 162 16
PCM Ch#3 Encoded User Data 226 16
PCM Ch#4 Encoded User Data 321 16
Analog Ch #1 Encoded User Data 100 12
Analog Ch #2 Encoded User Data 20 12
Analog Ch #1 Encoded User Data 2 16
Analog Ch #1 Encoded User Data 260 8

6.17.3.4 _Sync PatterrAll ARMOR frames begin with the fixed 32-bit sypattern hexa-
decimal FE6B2840.

6.17.3.5 _Time Code Channelg/hen time code channels are present in an ARMDRplex,
their data words always immediately follow the spattern or another time code channel. Time
is encoded as 64 bits in two 24-bit words and dibiiword. Tables-14 defines the individual
bits of the time code words. The encoded timbeastime at the start of the ARMOR frame.
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TABLE 6-14.
TIME CODE WORD FORMAT

BIT WORD1 | WORD 2 | WORD3

23 D9 0

22 D8 S6

21 D7 S5

20 D6 S4

19 D5 S3

18 D4 S2

17 D3 S1

16 D2 SO LEGEND

15 D1 SE 0 D = Day of year

14 DO NT 0 H = Hour of day

13 0 0 HN13 M = Minutes past the hogr

12 H5 0 HAN12 S _: Sg(_:onds past the minute

11 Ha MS11 ANLL MS = Milliseconds past the second

HN = Hundreds of nanoseconds past the

10 H3 MS10 HN10 millisecond

9 H2 MS9 HN9 SE = Sync error (time code decoding
8 H1 MS8 HN8 error)

7 HO MS7 HN7 NT = No time code (input signal detect

6 M6 MS6 HN6 fail)

5 M5 MS5 HN5S

4 M4 MS4 HN4

3 M3 MS3 HN3

2 M2 MS2 HN2

1 M1 MS1 HN1

0 MO MSO HNO

6.17.3.6 _PCM ChanneldJser PCM data is encoded into 16-bit words. fAim@ber of 16-bit
words (per channel) in each frame is approximatetypercent greater than the number required
to store the user data during the frame time perititese overhead words are included to
compensate for minor variations in user data ctatis. In order to record the number of
allocated frame bits that actually contain useagddte first two 16-bit words are redundant
copies of a bit count. In Figuel1l3 PCM Channel #1 has 130 words: two count words12&l
data words. The bit count in either one of thainetint count words records the number of bits
in the 128 data words that are actually user PCtd @faost significant bit first). All remaining
bits are filler. The first user data bit in the sheignificant bit location of the third channelngo
(the first data word following the redundant cowatrds) was the first bit to be received after the
start of the ARMOR frame.

6.17.3.7 _Analog Channel#Analog data is digitized into either 8-bit or-b2 samples using
offset binary notation (a sample of X’00’ or X'00@' the largest negative value). No overhead
words or bits are included with analog channel tetzause input sampling is synchronous to the
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start of the ARMOR frame. The first sample of eablnnel was captured at frame start time

with all remaining samples evenly spaced througlioeiframe time. Note that the location of

the analog channel words within the composite ARM@ife has no correlation with the time
between the start and end of the frame when tHegsamples were captured (digitized). The
first sample of the 100 Analog Channel #1 words twedfirst sample of the 20 Analog Channel
#2 words in Figur&-13were both captured (digitized) at the same instatime, which was the
frame start time. Voice is a special case of alagnchannel in that it is always 8-bit samples.

6.17.3.8_Parallel Channeldhe encoding of parallel input channels is \&@rmilar to PCM
encoding. Approximately two percent more thanrttieimum number of words necessary to
store the user data during one ARMOR frame periechiocated to each parallel channel. The
first two 16-bit words of each channel are redundaant words that record the actual number
of allocated data words that contain user datae rémaining allocated words contain filler.
Figure6-13has two entries for Parallel Channel #1. The érdgry shows the two (redundant)
16-bit count words and the second entry shows tineber of allocated 8-bit data words for the
channel. The number of 8-bit data words that doniger data is determined by examining
either of the two count words. The first data wimdeach parallel channel was the first word
received after the start of the ARMOR frame.

6.17.4 _ARMOR Format CompatibilityCompatibility with the ARMOR format can be dieid

into two distinct cases. In the first case, therus playing back a legacy tape (made with legacy
multiplexer hardware and software) on non-legaaywéplexer hardware and software. In the
second case, the user is creating a tape on nanylegultiplexer hardware and software for
future playback by legacy demultiplexer hardware software.

In the first case, the legacy tape contains gpdatack (see paragrapghl?.d at the start
of the recording. The setup block contains therimfation necessary for the user to demultiplex
the data records on the tape. The bit rate fiettié setup block header section specifies the rate
at which the legacy recording was generated. @kedsscanlist field in the setup block trailer
section specifies the exact sequence and sizee @lyific, data, and filler words in the recording.

In the second case, the user must first genena#dRAOR setup block at the start of the
recording. Subsequent data records must thenrbmafted in accordance with the specification
in the setup block. Setup block creation is desdhinAppendix L

6.17.5 _ARMOR Format ValidationThe CALCULEX, Inc. ARMOR Format Verification
Program (AFVP) may be used to determine if an ieddpntly generated multiplex is
compatible with existing legacy hardware. The AR¥Rds the setup block (see paragraph
6.17.2 from the data set under test and validates ttee s frame structure. Please refer to
IRIG 118, Vol lll. The AFVP may be obtained fro\CCULEX.?

20 part Number 198007-0001 may be obtained from CALEX), Inc. P.O. Box 339, Las Cruces, NM 88004 (505)
525-0131 or by email request to info@calculex.com.
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This section describes a set of standard commardigeplies that can control tape, disk,
and solid-state recorders. Not all commands magpipicable to all types of recorders or
recorder implementations. Manufacturers who cledmpliance with this Standard shall
identify in an Interface Control Document for eaehorder model the specific command and
reply subset that is implemented. An importantaspf the CCM standard is the required
command-response protocol. For each command igewedecorder, there shall be exactly one
response from the recorder, and the responselsglt immediately upon conclusion of the
command input. There shall be no delay betweenmetteipt of the command at the recorder and
the transmission of the reply by the recorder. @amds that initiate recorder functions, which
require time to complete, shall be replied to imrmataly, and the host shall poll the recorder
status to determine when the function is compldteere shall be no unsolicited status output
from the recorder, with one exception. This exitepis a boot message upon leaving the
POWER ON state, notifying the host that the recoisleeady to accept commands. The boot
command shall contain a single asterisk as thekestcter. Thereafter, the recorder will only
output in response to a command input. (A hardweset or a software .RESET shall return the
recorder to the POWER ON state.)

6.18 Recorder Command and Control Mnemonics (CCM

6.18.1 _Recorder State Transitiorfsigure6-18is a generic state transition diagram for
standard recorder operation. Upon applicationosiqr, the recorder enters the POWER ON
state, during which commands are not accepted.n@dpoclusion of the power-up sequence, the
recorder shall execute a built-in test (BIT) toifyerecorder functionality. Upon successful
conclusion of the BIT, the recorder shall enterlibieE state. The following facts describe and
explain the state transition diagram.

a. The STARTING and STOPPING (ENDING) states mayiie zero (none) or more wait
states, as necessary, for a particular recordecamanand implementation.

b. Some recorders can record without playing, plélgout recording, or record and play at
the same time.

c. For those recorders that require data cloclkstebord clock is always external (provided
by the source of the data). The playback clocktherother hand, may be externally or
internally supplied, and when externally suppli@gy or may not be synchronous to
(equal to or derived from) the record clock.

d. Some functions are implemented using multiplaroands. For example, a conventional
longitudinal recorder shuttle command is implemdrae a .FIND command with the
starting point identifier, followed by a .SHUTTLBmmand with the ending point
identifier. Once the initial . SHUTTLE command eceived, the recorder automatically
initiates a FIND sequence when the end point istred, and then automatically initiates
a PLAY sequence when the start point is found.s Thishown on the state transition
diagram as the decision box “ANOTHER COMMAND PENBRN
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e. Some recorders are physically able to record existing data. This standard prevents
recording over existing data by forcing the regootht to the current end of data (EOD).
An erase command is provided to enable reuse aghtftha by resetting the record point
to the beginning of media (BOM).

f. Some recorders are physically able to replag datither the forward sequence or
reverse sequence. Forward is the sequence in wWigdtlata was recorded, whereas
reverse is the opposite sequence. This standdydexuires and supports replay in the
forward sequence.

6.18.2 _Command SummaryAll commands must comply with the following $sm rules and
are summarized as available commands in Tédlg

All recorder commands are simple ASCII charastéings delimited by spaces.

b. All commands begin with an ASCII period (*“.”)&rwith the single exception of the
.TMATS command, end with the first occurrence abariage return and line-feed
terminator sequence.

c. Parameters are separated from the commandsamaéch other with ASCII space
characters.

d. With one exception, command words and parametaysnot include spaces. The one
exception is thetgxt string parameter for the .EVENT command.

e. Multiple consecutive terminators and extranespace characters are ignored.

f. Each command is followed with either a simplgp@nse and an ASCII asterisk (“*")
response terminator or the asterisk response tatamionly, indicating the recorder is
ready for the next command.

g. All numeric parameters, with one exception,dgeimal numbers. The one exception is
the [mask parameter for the .CRITICAL command, which is Aégcimal.

h. Three commands, .FIND, .REPLAY, and .SHUTTLE/éhaumeric parameters that
required units of measure. Thaddé parameter is used to specify the unit of measure
(time, feet, or blocks.) If thajodd parameter is omitted, the recorder shall usertbst
recently enterednodé.

i. A[timg parameter value has five parts: days, hours, tefiseconds, and milliseconds.
Any part not entered defaults to zero except dapg;h defaults to don't care (current
day.) A period (“.”) identifies the start of thellisecond part, a hyphen (“-” separates

the day from the hours, and colon characters §€farate the hours, minutes, and

seconds. The following are valid times: 123- (daly), 17 (hours only), 17:30 (hours
and minutes), 17:30:05 (hours, minutes, seconds);d5 (hours, minutes, seconds),

17:30:05.232 (hours, minutes, seconds, millisecprid3-17 (day, hours), 123-17:30

(day, hours, minutes), etc.
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Figure 6-18. Recorder state transition diagram.



TABLE 6-15 COMMAND SUMMARY

Command Parameters Description
BIT Runs all of the built-in-tests
CRITCAL | [n Imash) | e O
.DECLASSIFY Secure erases the recording media
.DISMOUNT Unloads the recording media
.DUB [location] Same as .PLAY but with internal clock
.ERASE Erases the recording media
.EVENT [textstring] Display event table or add event to event table
.FILES Displays information about each recordés fi
.FIND [value [modé ] Display current locations or find new play pbin
.HEALTH [featurd Display detailed status of the recorder system
.HELP Displays table of "dot" commands
.LOOP Starts record and play in read-after-writalm
.MEDIA Displays media usage summary
.MOUNT Powers and enables the recording media
PLAY [locatior] Szg:girgﬁ)(r:ekcorded data starting at [location]gisin
.RECORD filenamé Starts a recording at the current end of data
.REPLAY [endpoint [modé ] Same as .SHUTTLE but with internal clock
.RESET Perform software initiated system reset
SETUP il E);g:g)i/nsgofrofr?]l:tcsts 1 of 16 (0...15) pre-programmegd d
SHUTTLE | fnapoint[moay | 7y Sl epestedy o cutentocaon (o e
.STATUS Displays the current system status
.STOP fodé Stops the current recording, playback, or both
.TIME [starttimg] Displays or sets the internal system time
.TMATS {mode} [n] Write, Read, Save, or Get TMATS file

* Parameters in braces “{}" are required. Parasmein brackets “[]” are optional. When optional
parameters are nested (“[xxx [yy] "), the outergraeter (xxx) must be specified in order to also
specify the inner parameter (yy).
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6.18.3 _Command Error Codekssuing invalid commands (bad syntax) or illeg@hmands
(not accepted in the current system state) resdtror code responses prior to the asterisk
response terminator when a command cannot be ctedpl@able5-16 shows possible error
codes and the conditions under which they occur.

TABLE 6-16. COMMAND ERROR CODES

Error Description Conditions

00 INVALID COMMAND Command does not exist
01 | INVALID PARAMETER | Parameter is out of range,warong alpha-numeric type
02 INVALID MODE Command cannot be executed in therent state

03 | NO MEDIA Recording media is dismounted or nataied

Command cannot be executed because there is no free
space available on the recording media
Command failed to execute for any reason other than
those listed above

04 | MEDIA FULL

05 | COMMAND FAILED

The error message is displayed before the astergglonse terminator with an ASCII “E”
identifier.

Example: RECORD
E 03
*

6.18.4 _Command Parameters and Respon&esh of the commands, the command
parameters, and the recorder responses to the aufsrage described in the following sections.

6.18.4.1 _.BIT The BIT command runs the built-in test (BIT) on the reesrdThe prompt is
returned immediately after the test is startede ‘BiT command is only valid in the IDLE,
ERROR, and FAIL states. During the BIT, the usestperiodically check the status until the
test is complete. While in BIT mode, the percarpletion is shown with the .STATUS
command. The result of the .BIT command is go/astgtus indicated by the end state. If the
system returns to the IDLE state, the BIT was ss&fcé  If the system goes to the FAIL state,
the BIT failed and further system-specific diagiestre required. The ASCII “S” in the
response is the identifier of a .STATUS response.
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Example:

.BIT
*. STATUS

02 0 0 21%
. STATUS

02 0 0 74%
. STATUS
S0100

*

*m orm

Parameters in braces “{}” are required. Parametetgackets “[]”

ﬁNOTE/ are optional. When optional parameters are ndsped [yy] ]"),

the outer parameter (xxx) must be specified inotd@lso specify
o the inner parameter (yy).

</‘

6.18.4.2 _.CRITICAL[n [mask]: The CRITICAL command is used to view and specify the
critical warning masks used with the .HEALTH commarAn encoded 32-bit status word is
displayed with the .HEALTH command for each featuréhe recorder. The. CRITICAL
command allows the user to specify which statugiviaitis constitute critical warnings. If a bit
in the .CRITICAL mask word for a feature is segrtthe corresponding .HEALTH status word
bit for that feature signals a critical warninghel.CRITICAL command without any parameters
returns the mask word for each feature in ascerfdiaigire order. The .CRITICAL command
with a single parameter, the feature number, rsttiva list of descriptive warning strings and
status word bit associations for the specifieduieat The .CRITICAL command with both the
feature number parameter and the 8-character A8&Hdecimal mask value parameter
specifies a new mask value for the feature. Akknaalues in the command responses are

hexadecimal.

Example #1: The command with no parameters rethesnask for each feature.

. CRI TI CAL
FFFFFFFF
00000300
00000001
00000003

A WNPEF

15 00000002
16 00000000
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Example #2: The command with the feature numbearpater only, no mask value, returns all
of the possible warning text strings for the spedifeature and shows which .HEALTH status
word bit is associated with the particular warning.

.CRITICAL 4

00000001 No d ock

00000002 No M nor Frane Lock
00000004 Sl ow O ock

00000100 No Maj or Frame Lock
00000200 Sync Bit Error

*

Example #3: Entering both the feature number patanand the mask value parameter resets
the mask for the specified feature.

.CRITI CAL 4 00000103
4 00000103
*

6.18.4.3 __.DECLASSIFY The DECLASSIFY command erases all recorded data using an
approved declassification procedure and sets ttiedepoint to the beginning of media (BOM).

This command will permanently erase all recorded.d
Data cannot be recovered once this command has been

CAUTION
executed!

The prompt is returned immediately after the openais started. During declassify, the user
must periodically check the status until the operais complete. While in DECLASSIFY state,
the percent completion is shown with the .STATUSo@and.
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Example:

. DECLASSI FY
*. STATUS
S04 00 23%
* . STATUS

S 04 00 84%
*. STATUS
S0100

*

6.18.4.4 __.DISMOUNT The DISMOUNT command disables and, if necessary, removes
power from the active recording media. The medig tve removed only after this command is
issued.

Example #1:

. DI SMOUNT

Example #2: If a failure occurs an error messaghsplayed before the prompt.

. DI SMOUNT
E 03
*

6.18.4.5 _DUB Ipcatior]. The.DUB command is identical to the .PLAY command exchpt t
it specifies the use of the internal playback claxrketrieve the recorded data.

6.18.4.6 __.ERASE The ERASE command erases all data and resets the recortitpdire
beginning of media (BOM).

This command will permanently erase all recorded.d
Data cannot be recovered once this command has been

CAUTION
executed!
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The prompt is returned immediately after the openas started. During erase, the user
must periodically check the status until the opereis complete. While in ERASE state, the
percent completion is shown with the .STATUS comdian

Example:

. ERASE
*. STATUS

03 0 0 23%
. STATUS

03 0 0 84%
. STATUS
S0100

*

W orwm

6.18.4.7 __.EVENT][text string. The EVENT command adds an entry to the recorder event file
or displays all of the current event file entrigsa non-blank text string is included with the
command, a new event entry is appended to the &leemtith the text string in the message

field of the event entry. The text string may bg &ngth, but only the first 48 bytes, starting
with the first non-blank character but includingsalbsequent blanks, are saved in the event file
entry. If no text string is provided with the mags, the current event file entries are displayed
as a list of character strings showing the eveqtisece number, the absolute event time based
on the recorder system time, the current mediaesddiblock number) at the time the event entry
is created, and the optional text string.

Example:

. EVENT -

* EVENT This text was supplied with the . EVENT comrand

*. EVENT Xx

* . EVENT

1 001-00:13:58.109 101231 -

2 001-00: 14: 11. 106 433213 This text was supplied with the
. EVENT conmmand

3 001-17:44:06.677 2427654 x

*

6.18.4.8 _.FILES The FILES command displays a list of character strings shgwi

information about each recording session (fileqclestring in the list contains the file number,
file name, starting block number, file size in kytetart day, and start time of the file. For thos
systems that also store the end day and time dffdacthe end day and time may be added to
the end of each file string. File names may not&io space or asterisk characters. If user
names are not assigned to individual recordingsd#fault file names shall be “file1,” “file2,”
etc. Each file string shall be formatted as showthe following example (with optional end day
and end time).
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Example:

. FILES

1 TPD-10 10000 272760832 001-00:13:58.109 001-00:14:03. 826
2 TPD-11 92884 425984000 001-00:14:11.106 001-00:14:28.602
3 file3 350790 305430528 123-17:44:06.677 123-17:44:13.415

*

6.18.4.9 _.FIND[value[modd]: The FIND command is used to report the current record and
play point or to set the play point to the desimzhtion within the recorded data. The desired
location can be expressed in a number of diffdi@mtats or “modes:” time, blocks, and feet.
When the command is entered without any parametersecorder returns the current record
point and current play points, using the curreridaié mode. The default mode is declared each
time a mode parameter is supplied with the .FINBweand, the .REPLAY command, or the
.SHUTTLE command. Thereafter, the mode parametgrime omitted and the recorder will use
the default mode. The mode keywords are TIME, BK@Cand FEET.

The location specified in the value parameter ef. FHND command can be numeric or
one of six keywords: BOM (beginning of media), B@i2ginning of data), EOD (end of data),
EOM (end of media), BOF (beginning of file), and E(@nd of file.) These keywords may be
used with or without a mode parameter. Numeriation values, whether accompanied by the
mode keyword or not, must be valid for the spedifie default mode. Blocks and feet are
entered as decimal integer numbers. Time is ehtsepecified in paragraphl8.2 item.i

Example #1: Display the current record point alay point. The default mode is blocks.

. FI ND
F 1022312 BOD
*

Example #2: Find a specific time in the recordathd

.FIND 15:33:12 TI ME

*. STATUS

S 08 00 41%

*. STATUS

S 08 00 84%

*. STATUS

S0100

*. FI ND

F 102-16:18:27.000 102-15:33:12. 000
*
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6.18.4.10 _.HEALTH|[featurd: The HEALTH command provides a standard mechanism for
vendor-specific status information to be conveyethe user. Entering the command without
the optional parameter displays a list of systeecHjt “features” and an encoded status word
for each feature. Entering a decimal feature nurppeameter with the command decodes the
status word for a single feature and displaystafisnessages pertaining to the feature, one for
each set bit in the status word. The choice dfifes, their ordering, their descriptions, their
encoded status words, and their decoded mességarksall vendor specific. This standard only
requires that the syntax of the responses to tB&LHH command conform to the following
rules:

a. If no features are implemented, the responae HEALTH command is the response
terminator asterisk.

b. Implemented features are numbered consecutstatting with 1 and displayed in
ascending numerical order.

The description of a feature may not contaimsterisk character.

The feature list response (no feature numbempater supplied with the command) is a
sequence of text strings, each containing the dddeature number, the 8-character
ASCII hexadecimal representation of the 32-bitustatord for the feature, a text feature
description, and a carriage return and line feediteator. The value of the 32-bit status
word for a “healthy” feature shall be all zero$a ffeature is disabled, the 8-character
ASCII hexadecimal string shall be replaced witrhei§gSCII hyphen “-” characters.

e. The individual feature response (feature nurpbeameter supplied with the command)
is a sequence of descriptive text strings, one#&oh set bit in the feature status word.
Each string is terminated with a carriage returd lare feed.

The .CRITICAL command is used to specify and vibe mask word for each feature
that determines if a set .HEALTH status word bilsatb the total non-critical or critical warning
counts displayed with the .STATUS command.

Example #1:

. HEALTH

1 00000000 Tinme Code | nput
2 00000000 Voice Input

3 -------- PCM | nput #1

4 00000103 PCM I nput #2

15 00000000 1553 | nput #2
16 00000000 Tenp Monitor
*
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Example #2:

. HEALTH 4

No O ock

No M nor Franme Lock
No Maj or Frane Lock
*

6.18.4.11 _HELP The HELP command displays a list showing a summary of énmak"dot"
commands and parameters.

Example:

. HELP

.BIT

.CRITICAL [n [mask]]
. DECLASSI FY

. DI SMOUNT

.DUB [I ocati on]

. ERASE

. EVENT [ nessage]

. FILES

.FIND [val ue [node]]
. HEALTH [ f eat ure]

. HELP

. PLAY [I ocati on]

. RECORD [fil enane]

. REPLAY [ endpoi nt [node]]
. RESET

. SETUP [ n]

. SHUTTLE [ endpoi nt [ node]]
. STATUS

. STOP [ npde]

.TIME [start-tine]

. TMATS {node} [n]

6.18.4.12 _.LOOP The LOOP command is used to put the recorder into read-aftiée mode,
recording and simultaneously playing back the rdedrdata. If the recorder is already
recording when the .LOOP command is issued, thexzaimd starts the playback at the current
record point without affecting the recording.
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Example:

. STATUS
S0100

*. LOOP

*. STATUS

S 0700 35%
*

6.18.4.13 __.MEDIA The MEDIA command displays the media usage summary. |tskiosy
number of bytes per block, the number of blocksius® the number of blocks remaining,
respectively.

Example:

. MEDI A
VEDI A 32768 1065349 6756127
*

6.18.4.14 __MOUNT The MOUNT command applies power and enables the recording.
systems with multiple memory canisters or medidricies, the effect of the .MOUNT
command on each canister or media cartridge isefin advance with vendor-specific
commands.

Example:

. MOUNT

6.18.4.15 _.PLAY/locatior]: The PLAY command starts a playback of the data at eitteer th
current play point or at the location specifiedhia optional parameter with the command using
the user’s external data clock. The current plaipts defined to be the media location
immediately following the most recently played datino .PLAY command has been issued
since recorder power-on, the current play poittiésbeginning of data. The location parameter
has two forms, [block_number] and [filename [bloofset]]. If the first character of the

location parameter is numeric, the entire paranratest be numeric and it specifies the block
number address at which to start the playback. e first character of the location parameter
is alphabetic, the parameter is the filename tgljslek and a second optional parameter that
specifies the numeric 0-origin block offset inte thamed file may be included with the .PLAY
command. To begin playing at a location other tadqtock number or file, use the .FIND
command to position the play point to the desiceation.

Example:

. PLAY filel 250

*
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6.18.4.16 _.RECOR[Ofilenamé: The RECORD command starts a new recording. The
optional file name parameter is an ASCII stringhwip to eleven characters, beginning with an
alphabetic character, and with no spaces or asserié the file name parameter is omitted, the
filename will be of the form “fil@”, wheren is the file number. The recording will continue
until the recording media is full or until the .SP@ommand is issued.

Example:

RECCRD

6.18.4.17 _.REPLAY[endpoinfmodd]: The REPLAY command is identical to the
.SHUTTLE command, except that it specifies thatithernal clock is to be used to retrieve the
data.

6.18.4.18 _.RESETThe RESET command performs a software initiated reset of¢icerder,
returning the recorder to the power-on state.

Example:

. RESET

6.18.4.19 .SETUPI[n]: The SETUP command chooses one of 16 pre-defined setupsistore
the recorder. The optional parameter is a oneo@digit decimal setup number from 0 to 15.
The current setup may be displayed by omittingstttep number parameter.

Example #1:

. SETUP
SETUP 10
*

Including the setup number changes the setting.

Example #2:

. SETUP 5
SETUP 5
*
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6.18.4.21 _.SHUTTLHendpoinfmodd]: The SHUTTLE command initiates a repeated
playback from the current play point to the enchpspecified in the command, using an
external clock to retrieve the data. The syntathefendpoint parameter is identical to that of
the .FIND command.

Example:

. SHUTTLE 1430 FEET

*

6.18.4.21 _.STATUS The STATUS command displays the current state of the recader

two counts. The first is the total number of neiti@al warning bits currently set and the second
is the total number of critical warning bits curfgrset. If the recorder is in any state othentha
FAIL, IDLE, BUSY, or ERROR, the command also dig@@a progress percentage, the meaning
of which is dependent on the specific state. Whenthe recorder is transitioning between
states and the transition is not instantaneous (RATUS command will return the BUSY state.
The ERROR state is entered when the currently ékgcoommand does not complete
successfully. For example, when a .FIND commandhable to locate the specified position on
the media, the recorder transitions to the ERR@R stTablés-17 shows the various states by
numerical code and describes the meaning of thgrese percentage for each state. An ASCII
“S” character identifies a .STATUS command response

TABLE 6-17. RECORDER STATES
State Code State Name Progress Description
00 FAIL
01 IDLE
02 BIT Percent complete
03 ERASE Percent complete
04 DECLASSIFY Percent complete
05 RECORD Percent media recorded
06 PLAY Percent recording played
07 RECORD & PLAY Percent media recorded
08 FIND Percent complete
09 BUSY
10 ERROR
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Example #1:

. STATUS
S 03 00 84%
*

For states that do not have a progress indicatiai field is omitted in the response.

Example #2:

* . STATUS
S0100
*

6.18.4.22 _.STOHmodé: The STOP command stops a recording, playback, or both. The
optional mode parameter may be either the word REIZOr the word PLAY. If the optional
mode parameter is not specified, both recordingmaying, or either of the two modes if other
is not active, will be stopped. Using the paramet@bles either recording or playing to be
stopped without affecting the other when both ateve.

Example #1:

. STOP

The current state can be displayed with the stadmamand.

Example #2:

*. STATUS

S 0700 26%
*. STOP PLAY
*. STATUS

S 0500 26%
*

The .STOP command returns an error if the recdsdeot in the appropriate state.

Example #3:

*. STATUS
S0100
*. STOP

E 02

*
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6.18.4.23 _.TIME[start-time]: TheTIME command displays or sets the internal systems time
The optional start-time parameter is formattedremvd in the example below. Without a
parameter, this command displays the current sySteen The timestamps recorded with user
data are derived from this clock.

Example #1:

. TIME
TI ME 001-23:59:59.123
*

To set the time, enter a value expressed in daysshminutes, seconds and milliseconds. For
example:

. TIME 123-13:01: 35
TI ME 123-13:01: 35. 000
*

Trailing values and punctuation may be omitteddZerdefault).

Example #1:
. TI ME 123-
TI ME 123-00: 00: 00. 000
*

Example #2:
.TIME 15: 31
TI ME 000- 15: 31: 00. 000
*

Example #3:

. TIME 15: 31: 20
TI ME 000-15: 31: 20. 000
*
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6.18.4.24_TMATS{mode} [n]: The TMATS command provides a vendor-independent
mechanism for loading a setup file into the recoede retrieving a setup file from the recorder.
The required mode parameter must be one of theWwlh four words: WRITE, READ, SAVE,
or GET. Writing or reading a TMATS file transfete file between the external host and the
recorder’s internal volatile memory buffer. Savimggetting a TMATS file transfers the file
between the recorder’s internal volatile memoryféudnd the recorder’s internal non-volatile
setup file storage area. To store a new setufinfilee recorder, the . TMATS WRITE command
is first used to transfer the file to the recordelipwed by a .TMATS SAVE 1f] command to
store the file in non-volatile memory. The numesgtup file number parameter is not valid with
the .TMATS WRITE command. When saving the filentm-volatile memory, the optional
setup file number parameter may be entered to nlgsig specific setup number (see the
.SETUP command.) If the setup file number paramistnot specified with the .TMATS

SAVE command, the file number defaults to setud@be .TMATS GET h] command performs
the inverse of the . TMATS SAVE command, retrievthg specified or default (0) file from non-
volatile to volatile memory within the recorderhd. TMATS READ command transfers the file
currently in the recorder’s volatile setup file farfto the host.

Termination of the . TMATS WRITE command string iique. All other command
strings terminate with the first occurrence of eriege return and line feed sequence. The
.TMATS WRITE command string does not terminate Iuth# occurrence of a carriage return
and line feed pair followed by the word END andtaeo carriage return and line feed pair.

Example #1: The .TMATS WRITE command includes TMATS file followed by the word
END.

. TMATS WRI TE

G DSI \ N=18;

G DSl - 1: Ti nel nChani;
@G DSl - 2: Voi cel nChani;
G DSl - 3: 1553Chan01;

P- 8\1 DC8- 1: 0;
P-8\1 SF2-1:1D;
P- 8\ 1 DC5- 1: M
END

*
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Example #2: The .TMATS READ command returns thedurrently in the volatile buffer.

. TMATS READ

G DSl \ N=18;

G DSI - 1: Ti nel nChani;
G DSl - 2: Voi cel nChanl,;
QG DSl - 3: 1553Chan01;

P- 8\ | DC8- 1: 0
P- 8\ | SF2- 1: | D
P-8\ | DC5- 1: M

*

Example #3: The .TMATS SAVE command stores theifilthe volatile buffer to the
designated non-volatile file memory in the recorder

. TMATS SAVE 3

*

Example #4: The .TMATS GET command retrieves thgighated file from non-volatile file
memory in the recorder and puts it in a buffer ttaat be read by the user.

JTVATS GET 3

*

6.18.5 _Command Validity MatrixTable6-18identifies the recorder states where each of the
serial commands is valid. The legend at the botibthe table explains the matrix entry codes.
Two codes, 3 and 4, identify states in which thepemted command may or may not be valid
due to system-specific implementation. Recordersishould assume that a command is not
supported in a system-specific state (code 3 anigss the specific recorder’s Interface Control
Document assures that support is provided.

6.18.6 _Required Command Subs@&able6-19identifies the minimum subset of commands
that must be implemented for each recorder tygeetoompliant with this standard.
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TABLE 6-18. COMMAND VALIDITY MATRIX

COMMAND

STATE

BUILT-IN TEST

BUSY

DECLASSIFY

ERASE

FIND

PLAY

POWER ON

RECORD

RECORD & PLAY

BIT

«| FAIL

.CRITICAL

[y

[y

.DECLASSIFY

.DISMOUNT

.DUB

.ERASE

.EVENT

.FILES

.FIND

.HEALTH

.HELP

.LOOP

.MEDIA

><><><><><><

.MOUNT

.PLAY

N

.RECORD

.REPLAY

.RESET

.SETUP

.SHUTTLE

.STATUS

X x| | X x> [ no | || X[ X | [ x| w|x|x|rn|x|~| x| ERROR

X X
X[ | ]| o] X[ XX x| X x| x| | x| | x| IDLE

.STOP

.TIME

1

.TMATS

X

Legend

X= Always valid.

1 = Query function always valid. Changing masietup, or time only valid in IDLE or ERROR.

2 = MOUNT and DISMOUNT only valid if not mounted dismounted, respectively.

3 = Query always valid. Declaring always validétord, but not recording is system-specific.

4 = Simultaneous recording and playing is systpecHic.
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TABLE 6-19. REQUIRED COMMANDS

Command

Recorder Type

Tape

Solid State

Disk

BIT

.CRITICAL

.DECLASSIFY

.DISMOUNT

.DUB

.ERASE

.EVENT

.FILES

.FIND

.HEALTH

.HELP

.LOOP

.MEDIA

.MOUNT

.PLAY

.RECORD

.REPLAY

.RESET

.SETUP

.SHUTTLE

.STATUS

.STOP

.TIME

.TMATS

O|0|z|z|o|o|z|0|z|X|0|Z|0|0|0O|Z|0|0O|0|0O|0O|0|0O|X

o|o|z|z|o|olz|o|z|E|0|Z|po|0|0|Z|0|o|z|0|0|2|0|E

olo|lz|Z|o|pl2|0|2|Z|0|=|0|0|0|Z|0|0|Z2|0|0|Z]|O0

Legend

M = Mandatory

O = Optional
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CHAPTER 7
MAGNETIC TAPE STANDARDS
7.1 General

These standards define terminology, establishpkegformance criteria, and reference
test procedures for longitudinalbriented oxide, unrecorded magnetic tape desigmed f
instrumentation recordint},and reference specifications for 19 mm (0.75 assettes designed
for digital helical scan recording and S-VHS cassetlesigned for 12.65 mm (1/2 in) digital
helical scan recording. Classes of instrumentatgording tapes include high resolution (HR)
tapes used for wide band recording, high densdgitadi(HDD) tapes used for high density
digital PCM recording, and high energy (HE) tapssdifor double density recording.

Coercivities of HR and HDD tapes are in the raofy275 to 350 oersteds. High energy
tapes have coercivities of 600 to 800 oerstedsmiNal base thickness is 25 (1.0 mil) and
nominal coating thickness isun (200 microinches) for all tapes. Where requitiedits are
specified to standardize configurations and toldistathe basic handling characteristics of the
tape. Limits placed on the remaining requirememtst be determined by the tape user in light
of the intended application and interchangeabibityuirements imposed on the tape (see Table
7-4 for examples of suggested requirement limits).

7.2 Definitions

Underlined terms appearing within definitions tate that these terms are defined elsewhere in
paragraph 7.2. For the purpose of this standaedfdilowing definitions apply.

7.2.1 _Back CoatingA thin coating of conductive material (for exdmpcarbon) bonded to the
surface of a magnetic tape opposite the magnetitedesurface for reducing electrostatic charge
accumulation and for enhancing high-speed windimfprmity. Resistivity of the back coating should
be 1 megohm per square or less, whereas the oagateecmagnetic surface resistivity is much higher
(also see magnetic oxide coating).

7.2.2 _Base The material on which the magnetic oxide coafargd_back coatingf employed)
is applied in the manufacture of magnetic tapes. nkost applications, polyester-base materials
are currently employed.

7.2.3 _Bias Level The level of high frequency ac bias currenta@tage in a direct record
system needed to produce a specified level of aerupand edge (UBE) frequency sine-wave
signal at a particular tape speed. Usually adjustg@produce maximum output or increased
beyond maximum to depress the output 2 dB.

2 Federal Specifications may be used to replacegpaphs contained in this chapter where applicabligh output
and HDD tapes re not included in the Federal Spadiins. Other standards are referenced in pgshgdrd,
Appendix D.
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7.2.4 _Bi-Directional Ability of a magnetic tape to record and to oehrce a specified range of
signals within specified tolerances of various eltgristics when either end of the tape on the
reel is used as the leading end.

7.2.5 _Binder Material in which the magnetic oxide particledack-coatingparticles are
mixed to bond them to the baswterial.

7.2.6 _Blocking Failure of the magnetic coating to adhere taodematerial because of layer-
to-layer adhesion in a wound tape pack.

7.2.7 _Center TracksOn a recorded tape, center tracks are thosehvelnemore than one track
distance from either edge of the tape, for examipeks 2 through 13 of a 14-track tape or
tracks 2 through 27 of a 28-track tape.

7.2.8 _Dropout A reproduced signal of abnormally low amplitugdeised by tape imperfections
severe enough to produce a data error. In digjstems, dropouts produce bit errors.

7.2.9 _Edge TracksThe data tracks nearest the two edges of adedanagnetic tape, for
example, tracks 1 and 14 of a 14-track tape.

7.2.10 _ErasureRemoval of signals recorded on a magnetic tagdiaw reuse of the tape or to
prevent access to sensitive or classified datstrumentation recorders and reproducers do not
usually have erase heads, so bulk erasers or degausust be employed.

7.2.11 _E-Value The radial distance by which the reel flangesmo beyond the outermost
layer of tape wound on a reel under a tape terfi@133 to 5.56 newtons (12 to 20 ounces of
force) per inch of tape width. Inadequate E-vahay prohibit the use of protective reel bands.

7.2.12 _High-Density Digital Magnetic Tapénstrumentation magnetic tape with nominal base
thickness of 25.4Qm (1 mil) and coercivity of 275 to 350 oerstedsdugerecord and reproduce
high-density digital (PCM) signals with per-track thensities of 590 b/mm (15 kb/in.) or
greater.

7.2.13 _High-Energy Magnetic Tap&lagnetic tapes having coercivity of 600 to 8@@steds
and nominal base thickness of 2pm (1 mil) used for double density analog recording
high-density digital recording above 980 b/mm (®&irk).

7.2.14 _High-Resolution Magnetic Tapkstrumentation magnetic tape used for recordimg
wide band recorder and reproducer systems. ThandRHDD tapesnay have identical
coatings and coercivities (275 to 350 oerstedsyfer in the extent and type of testing
conducted by the manufacturer.

7.2.15 _Layer-to-Layer Signal Transfer (Print Tigh) Transfer of a signal to a layer of a
wound magnetic tape originating from a signal rdedron an adjacent layer of tape on the same
reel. Saturation-level recorded signals and tapage at elevated temperatures are likely
contributors to this effect.
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7.2.16 _Magnetic Oxide Coatindvaterial applied to a baseaterial to form a magnetic tape.
The magnetic oxide coating contains the oxide gesj the binderand other plasticizing and
lubricating materials necessary for satisfactorgrapion of the magnetic tape system (also see
back coatiny

7.2.17 _Manufacturer's Centerline Tape (MCH)tape selected by the manufacturer from his
production, where the electrical and physical ctiaréstics are employed as reference standards
for all production tapes to be delivered duringagtipular contractual period. Electrical
characteristics include, but are not limited t@sdievel, record level, output at 0.1 UB#d
wavelength response. The MCTs are not usuallyiabeifor procuring agency use.

7.2.18 _Manufacturer's Secondary Centerline TM#QT). A tape selected by a manufacturer
from his production and provided in lieu of an MCDn the MSCT, the electrical characteristics
may depart from the MCT characteristics, but calilbn data referenced in the MCT are
provided. All other characteristics of the MSCE agpresentative of the manufacturer's product.

7.2.19 _Modulation NoiseNoise riding on a reproduced signal that is propnal to the
amplitude of the recorded signal (below saturataomg results from tape-coating irregularities in
particle size, orientation, coercivity, and dispans

7.2.20 _Record LevelThe level of record current or voltage requite@chieve a specified
reproduce output level with bias ley@eviously set to the correct value. In direcore
systems, standard record level is the level ofldJBE frequency signal required to produce 1
percent third harmonic distortion in the reproduoethut signal because of tape saturation.

7.2.21 _ScatterwindLateral displacements of tape wound on a re@hwives an irregular
appearance to the side surfaces of a tape paciteBaind can result from such things as poorly
controlled tape tension, guiding, static electrid@rge, and poor tape slitting.

7.2.22 _SheddinglLoss of magnetic coating from tape during openabn a tape transport.
Excessive shedding causes excessive dropout

7.2.23 _Short Wavelength Output UniformitA measure of high-frequency reproduce signal
amplitude uniformity caused by oxide coating véaoias.

7.2.24 _Upper Band EdgéThe highest frequency that can be recorded gmbduced at a
particular tape speed in the direct record modee UBE signals are used in setting bias level
0.1 UBE signals are used to set record level

7.2.25 Wavelength Respons€he record and reproduce characteristic of anetagtape

which depends on tape formulation, coating thicknasd other tape physical parameters and is
a function of the wavelength recorded on the téggee(speed divided by signal frequency) rather
than the actual frequency recorded.




7.2.26 _Working Length Length of tape usable for reliable recording eeptoduction of data.
Actual tape length on a reel exceeds the workingtleto provide for tape start and stop at each
end of the reel without loss of data.

7.2.27 _Working Reference Tape (WRA tape or tapes of the same type as an MCT dE€MS
selected by the user and calibrated to the MCT 8€W. The WRTs are employed in
conducting tests on tape types during a procureamivity and for aligning and testing recorder
and reproducer systems to minimize running the MCWSCT.

7.3  General Requirements for Standard Instrumentatbn Tapes and Reels
The following subparagraphs describe the requirgsier tapes and reels.

7.3.1 Reference Tape Systeifo establish a set of test procedures whichbeaperformed
independently and repeatably on different manufacsutape transports, a centerline reference
tape system employing MCT, MSCT, or WRTSs as reallishould be used. The reference tape
system provides a centerline tape against whioh ¢apape recorder specifications may be
tested or standard tapes for aligning operaticeanders.

7.3.1.1 _Manufacturer's Centerline Tapkhe electrical characteristics provided for anafacturer's
centerline tape include, but are not limited t@shieve| record levelwavelength responsand output

at 0.1 UBE wavelength. The physical charactegsticthe MCT shall also represent the manufacturer'
production and shall be representative of all potida tape delivered during any resultant contraictu
period (see subparagrapt?.1?).

7.3.1.2 _Manufacturer's Secondary Centerline Tdpe the MSCT, the electrical characteristics
are calibrated to the manufacturer's reference tapkcalibration data are supplied with the
MSCT. The physical characteristics of the MSCTiIglepresent the manufacturer's production
(see subparagraph2.19.

7.3.1.3 _Working Reference Tap&/orking reference tapes shall be of the same &gthose
under procurement or test and shall be used ireha MCT or MSCT for all applicable test
procedures (see subparagra@gh?27.

The MCT orMSCT shall be a fu-length tape of 25.4 mm (1 ir

(NOTE width, wound on a 266.7 mm (10 1/2 in.) or 355.6 (@#hin.) reel
ﬁ or as designated by the tape user. The centethindesf the

working tape length shall be used as the calibratating area.

7.3.1.4 _Test Recorder and Reproduc&iaboratory quality test recorder shall be deated
for use with the reference tape system during aagnetic tape procurement and test program.
The recorder selected shall meet the requiremeetsfied in Chapter 6.
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7.3.1.5 MCT/MSCT/WRT UseUsing MCT or MSCT as a reference, the tape psgorms all
tests necessary to determine if the manufactwenterline performance values meet operational
and recorder requirements. All acceptable centethipes are retained by the tape user as
references in subsequent acceptance test procqukrfesmed in support of resultant contracts
or contractual periods. A working reference taplich has been calibrated to an MCT or
MSCT, is used as the actual working referenceerggbplicable testing procedures outlined in
Volume Ill, RCC Document 118. Dropout tests shawde a tape other than the MSCT or WRT.

7.3.2 Marking and Identifying See Federal Specification W-T-1553B.

7.3.3 _PackagingSpecified by user.

7.3.4 Winding The tape shall be wound on the reel or hub thighoxide surface facing toward the
hub ("A" wind). The front of the wound reel is defd as that flange visible when viewing the tape
reel with the loose end of the tape hanging froenvilewer's right.

7.3.5 _Reels and HubsReels and hubs shall conform to the tape usifigd requirements of
Federal Specification W-R-175 (also gggpendix D).

7.3.6 _Radial Clearance (E-Valuefror all tape lengths, use 3.175 mm (0.125 seg(
subparagrapfi.2.19).

7.3.7 _Flammable MaterialsFlammable materials shall not be a part of tiagmetic tape.
Flammable materials will ignite from a match flaaxe will continue to burn in a still carbon
dioxide atmosphere.

7.3.8 _Toxic CompoundsCompounds which produce toxic effects in theirammental
conditions normally encountered under operatingstadng conditions as defined in
subparagrapfi.4.2shall not be part of the magnetic tape. Toxistgefined as the property of
the material which has the ability to do chemicahége to the human body. Highly toxic or
corrosive compounds produced under conditions wéme heat shall be identified and
described by the manufacturer.

7.4  General Characteristics of Instrumentation Taps and Reels
The following subparagraphs describe the gendi@lacteristics for tapes and reels.
7.4.1 Dimensional Specificationdagnetic tape shall be supplied on flanged rizefbe

standard lengths, widths, and base thicknessdasediih Table 7-1. Reel and hub diameters are
taken from Federal Specification W-R-175.

2 There are four W-T-1553 specifications relatinglifferent coercivity and dropout rates.
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TABLE 7-1. TAPE DIMENSIONS

Dimension millimeters inches
Tape Width 25.4 +0-0.10 1.000 +60.004
Tape Thickness
Base Material 0.025 0.0010 Nomin&?
Oxide Thickness 0.005 0.0002 Nominal

Tape Length by Reel Diametergreels with 76 mm (3 in.) center hole)

Nominal Tape Lengff! Minimum True Lengtf?

Reel Diameter

266 mm (10.5in.) 1100 m (3600 ft) 1105 m B62

"o o 1400 m (4600 ft) 1410 (4625 ft)

356 mm (14.0in.) 2200 m (7200 ft) 2204 m @23

"o R 2800 m (9200 ft) 2815 (9235 ft)

381 mm (15.0in.) 3290 m (10 800 ft) 3303 m (36 &)

408 mm (16.0in.) 3800 m (12 500 ft) 3822 m (1D &)
Notes:

@ Actual tape base material thickness slightly lessalnse of manufacturing conventions.
@ Original dimensions are in feet. Metric conversiane rounded for convenience.
@ Tape-to-flange radial clearance (E-value) is 38 (0.125 in.).
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7.4.2 _Environmental ConditionsThe tape shall be able to withstand, with nospdgl damage

or performance degradation, any natural combinaifaperating or non-operating conditions as

defined in subparagraphs 7.4.2.1 and 7.4.2.2.

7.4.2.1 _Tape Storing Conditian$lagnetic tape is subject to deterioration atpgerature and

humidity extremes. In some cases the damage ésgible, but irreversible damage may occur,

especially with long-term storage in unfavorableditons.

7.4.2.2 Operating EnvironmenRecommended limits:

Condition
Temperature:
Humidity:

Pressure:

Range
4 to 3T (40 to 85°F)

20 to 60 percent relative humidity (Rhf)ncondensing

Normal ground or aircraft operatiniguale pressures.
For very high altitudes, tape users should conititt
manufacturers to determine if tape and recorder
compatibility is affected by low atmospheric pressu

C

o/

(1) Binder/oxide system tends to become stickywamesable above
50°C (125°F).

(2) At low humidities, tape binder and oxide systemds to dry
out, and oxide and binder adhesion can be unsetisfa Brown
stains on heads may appear below 40 percent RH.

(3) At high humidities, abrasivity is increased ater
performance problems may arise.

7.4.2.3 _Non-operating Environmenfemperature and Relative Humidity.

Short Term: 0 to 48C (32 to 115F) and 10 to 70 percent RH noncondensing
Long Term: 1 to 36C (33 to 85'F) and 30 to 60 percent RH noncondensing

(' —
{NorrE /

Experience has shown that with long exposure t@ézature:
below freezing, lubricants and plasticizers tenchigrate out of the
oxide coating resulting in poor lubrication and gaynsurface
deposits.
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7.4.3 _Other CharacteristicsStorage life, bi-directional performance, fraetal vibration, and
scatterwind characteristics shall conform to Feldépecification W-T-1553[SH] unless
otherwise specified by the tape user at the tinfuothase.

7.5 Physical Characteristics of Instrumentation Taps and Reels
As specified in Federal Specifications W-T-15588,T-1553/1-4 and W-R-175.
7.6 Instrumentation Tape Magnetic and Electrical Claracteristics

The following subparagraphs describe required reigiand electrical tape
characteristics.

7.6.1 Bias Level The bias level (see subparagraph 3 required by the magnetic tape shall
not differ from the bias level requirements of te&erence tape by more than the amount
specified by the tape user. The test proceduledtin subparagraph 5.3.8.1, Bias Level,
Volume IIl of RCC Document 118 shall be used teedmine compliance with this requirement.

7.6.2 Record LevelThe record level (see subparagraph?20 required by the magnetic tape
shall not differ from the record level requiremeotshe reference tape by more than the amount
specified by the tape user. The test procedutaedtin subparagraph 5.3.8.2, Record Level,
Volume Ill of RCC Document 118 shall be used teed®ine compliance with this requirement.

7.6.3 _Wavelength Respons&he output of the magnetic tape, measured av#velength
values listed in Tablg-2, Measurement Wavelengths, shall not differ from d¢latput of the
reference tape by more than the amounts specifiedebtape user. Wavelength response
requirements shall be specified in terms of ougfter having normalized the output to zero
decibels at the 0.1 UBE wavelength. The test gheeeoutlined in subparagraph 5.3.9
Wavelength Response and Output at 0.1 Upper Bagd Bthvelength, Volume Ill of RCC
Document 118 shall be used to determine compliaitethis requirement (see TabledA,
Suggested Wavelength Response Requirements).

TABLE 7-2. MEASUREMENT WAVELENGTHS
High-Resolution and HDD Tape High-Energy Tape

(um) (mils) (um) (mils)
3810.00 (150.000) 254.00 (10.000)
254.00 (10.000) 25.40 (1.000)
25.40 (1.000) 12.70 (0.500)
6.35 (0.250) 6.35 (0.250)
3.18 (0.125) 3.18 (0.125)
2.54 (0.100) 2.54 (0.100)
2.03 (0.080) 1.52 (0.060)
1.52 (0.060) 1.02 (0.040)

0.76 (0.030)




7.6.4 Output at 0.1 UBE Wavelengtifhe wavelength output of the magnetic tape stall
differ from the 0.1 UBE wavelength of the referetape by more than the amount specified by
the tape user. The test procedure outlined inamalgpaph 5.3.9, Wavelength Response and
Output at 0.1 Upper Band Edge Wavelength, VolurhefIRCC Document 118 shall be used to
determine compliance with this requirement.

7.6.5 _Short Wavelength Output Uniformityrhe short wavelength output of the magnetic &
be sufficiently uniform that a signal recorded aegroduced throughout the working tape length in
either direction of longitudinal tape motion shalinain free from long-term amplitude variation to
the extent specified by the tape user. The testguiure outlined in subparagraph 5.3.10, Short
Wavelength Output Uniformity, Volume Il of RCC Dament 118 shall be used to determine
compliance with this requirement.

7.6.6 _Dropouts The instantaneous nonuniformity (dropout) outgfiitd recorded signal, caused
by the magnetic tape, shall not exceed the cerdgek-ind edge-track limits specified by the tape
user on the basis of dropouts per 30.48 m (100ffnpminal working tape length. The nominal
dropout count shall be determined by totalingladl dropouts per track over the working tape
length and dividing by the total number of 30.48100 ft.) intervals tested.

A second method of specifying the allowable drdpmunt is to specify the maximum
number per track for each 30.48 m (100 ft.) intetested. This method may be preferred if
critical data is recorded in specific areas ofwloeking tape length, but a specified number of
dropouts per hundred feet greater than the averalges may be expected.

T Dropout test results are very dependent on thettapsport used
YNOTE for the test and will vary from run to run on agivtransport. Edge
{ / tracks tend to contain more dropouts than the cérateks, and
o v more dropouts are allowed on the edge tracks. rRefEable7-4.

7.6.6.1 For High Resolution (HR) tapes, a dropsutefined as a 6 dB reduction in amplitude
for a period of 5 microseconds or more of a 1 Mkeavave signal recorded and reproduced at
a tape speed of 3048 mm/s (120). Signal lossési8f or more which exceed the 5
microsecond time period shall constitute a dropowint for each 5 microsecond time period
occurring in the given signal loss. Track defit$ are given in subparagraph.7and7.2.9

The test procedure outlined in subparagraph 5.3.@flime Il of RCC Document 118 shall be
used to determine compliance with this requirement.

7.6.6.2 For High Density Digital (HDD) tapes, mpgout is defined as a 10 dB or greater
reduction in amplitude for a period of 1 microsett@n more of a square-wave test signal of
maximum density recorded and reproduced at 304&roml524 mm/s (120 in/s or 60 in/s). On
at least every other track (7 tracks of the odatlhen a 28-track head assembly (alternatively,
every other track of the even head) record ancbdeme a square-wave test signal of 2 MHz at
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3048 mm/s (120 in/s) or 1 MHz at 1524 mm/s (6Gs)n./The record level shall be set slightly
above saturation by adjusting the record currepréduce maximum reproduce output and
increasing the record current until the output aigs reduced to 90 percent of maximum. For
playback, a reproduce amplifier and a thresholddaet shall be used. The signal-to-noise ratio
of the test signal at the input to the thresholgcter shall be at least 25 dB, and the detector
shall detect any signal loss of 10 dB or more balefsrence level. The reference level shall be

established by averaging the test signal outpet lever a 10 m (30.8 ft.) nominal tape length in
the vicinity of a dropout.

7.6.6.3 For each of the seven tracks testechdbemulated duration in microseconds of
detected dropout events shall be displayed andtosgidectly display the dropout rate for each
track scaled appropriately for the tape workinggtén Signal losses of 10 dB or more which
exceed the 1 microsecond time period shall constawdropout count for each microsecond time
period occurring in the given signal loss.

7.6.6.4 For high-energy tapes, a dropout is edfims for high-resolution tapes except that a 2
MHz signal is used.

7.6.7 _Durability The magnetic tape shall resist deterioratiomagnetic and electrical
performance because of wear to the coating surf@agmnal losses, as defined below, caused by
surface wear shall not occur in excess of the pesfimits specified in Tablé 3 for the first 35
passes.

Signal losses in excess of those limits spec#isolve shall not occur during either a
record, record and reproduce or uninterrupted chpre pass of the working tape length. Signal
loss is a reduction in signal amplitude of 3 dBy@ater for a time period of 3 through 10
seconds of a recorded and reproduced short wavhlsiggnal. Where a continuous loss of
signal of 3 dB or greater exceeds the 10-seconel pieniod, a signal loss count shall be required
for every sequential 10-second time period occgriinthe given signal loss. The test procedure
outlined in subparagraph 5.3.12, Durability, Volutief RCC Document 118 shall be used to
determine compliance with this requirement.

TABLE 7-3. DURABILITY SIGNAL LOSSES
Designated Tape Length Number of Allowable Signal Losses (per pasf)
meters feet

762 (2500) 2

1097 (3600) 2

1402 (4600) 2
1524 (5000) 2

2195 (7200) 3

2804 (9200) 3

3292 (10 800) 4
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7.6.8 _Modulation Noise The amplitude modulation superimposed upon erdsd and
reproduced signal by the magnetic tape shall nceexk the limits specified by the tape user.
The test procedure outlined in subparagraph 5.84b8lulation Noise, Volume Ill of RCC
Document 118 shall be used to determine compliattethis requirement.
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7.6.9 _Layer-to-Layer Signal TransfeA signal resulting from layer-to-layer signal
transfer shall be reduced in amplitude from thgipal signal a minimum of 40 dB for 25.4
Tm (1.0 mil) tape and 46 dB for 38TIn (1.5 mils) tape. The test procedure outlined in
subparagraph 5.3.14, Layer-to-Layer Signal Tran&felume 11l of RCC Document 118
shall be used to determine compliance with thisiregnent.

7.6.10 Erasure Easd-or HR and HDDR tapes, an erase field of 79/A8/&(1000

oersteds) shall effect at least a 60 dB reducticsutput amplitude of a previously recorded
25.4um (1.0 mil) wavelength signal. For HE tapes, aserfield of 160 kA/m (2000
oersteds) shall effect at least a 60 dB reductfapreviously recorded 25m (1.0 mil)
wavelength signal. The test procedure outlinesbiparagraph 5.3.15, Ease of Erasure,
volume 11l of RCC Document 118 shall be used tedatne compliance with this
requirement.

7.6.11 _Suggested Tape Requirement Limitable 7-4 lists some suggested limits to be
used for instrumentation tape.

TABLE 7-4. SUGGESTED TAPE REQUIREMENT LIMITS

Parag. No. Tape Requirement Suggested Limits
7.6.1 Bias Level +2.0 dB from MCT
7.6.2 Record Level +2.0 dB from MCT

7.6.3 Wavelength Response (See Tabi\.)

7.6.4 Output at 0.1 UBE Wavelength 1.5dB from MCT
. . HR Tape HE Tape

7.6.5 Short Wavelength Output Uniformity 25 dB 55 dB
7.6.6 Dropouts per 30 m (100 ft) (average) Centacks Edge Tracks

5 HR Tape 10

1 HDD Tape 1

20 HE Tape 30
7.6.7 Durability (See Tablé-3.)
7.6.8 Modulation Noise 1 dB maximum

TABLE 7-4A. SUGGESTED WAVELENGTH RESPONSE REQUIREMENTS

HR and HDD TAPE
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Measurement Wavelength HR Response HDD Response

(um) (mils) (dB) (dB)
3810.00 (150.000) 1.00 2.00
254.00 (10.000) 1.00 1.00
15.14 (0.600) 0.00 0.00
6.35 (0.250) 1.50 1.50
3.18 (0.125) 2.00 2.00
2.54 (0.100) 2.50 2.50
2.03 (0.080) 2.50 2.50
1.52 (0.060) 3.00 3.00

HIGH-ENERGY TAPE

Measurement Wavelength HE Wavelength Response

(nm) (mils) (dB)

25.40 (1.000) 2.00
12.70 (0.500) 2.00
7.62 (0.300) 0.00
3.18 (0.125) 2.50
1.52 (0.060) 2.50
1.02 (0.040) 3.00
0.76 (0.030) 3.50
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7.7  General Requirements for 19-mm Digital Cassettdelical Scan Recording Tape
and Cassettes

7.7.1 _Magnetic TapeThe magnetic tape shall meet the requirementé\dif
94-1, Specification for Rotary Instrumentation MagnetiecBrding Tape, 19-millimeter
(0.75 inch) Wide, 68 KA/M (850 oersted).

7.7.2 19-mm CassetteJ he recorder/reproducers shall be capable ofjus® mm
cassettes that conform to the physical dimensibnsedium and large cassettes as defined
in SMPTE 226M*

7.8  General Requirements for 1/2-Inch Digital Cassg Helical Scan Recording
Tape and Cassettes

7.8.1 _Magnetic TapeThe magnetic tape shall meet the requirement$hif. Document
93-1, Specification for Rotary Instrumentation MagnetecBrding Tape, 12.65 millimeter
(0.5 inch), 68 KA/M (850 oersteds)

7.8.2 1/2-Inch CassettesThe recorder/reproducers shall be capable ofusi2-inch
cassettes that conform to the physical dimensisrgeéined in SMPTE 32M (1998),
Video Recording — ¥z in. Type H — Tape and RecSrd ensure crossplay
compatibility, the T-160 (327 meters, min.) is recnended.

2 MML Document 94-1 is available from the Naval Aitarfare Center Aircraft Division, Warminster,
Pennsylvania 18974-0591.

24 SMPTE 226M is available from the Society of Moti®itture and Tele-vision Engineers, 595 West Hégtda
Avenue, White Plains, New York 10607.

2 MML Document 93-1 is available from the Naval Alitarfare Center, Aircraft Division, Warminster,
Pennsylvania 18974-0591.

%6 Formerly ANSI V98.33M-1983.
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CHAPTER 8
MIL-STD-1553 ACQUISITION FORMATTING STANDARD
8.1 General

This standard addresses the acquisition of alirific flowing on MIL-STD-1553 type
data buses. The formats described permit up td digta buses within a single system. Other
constraints such as RF bandwidth and tape recotifirggwill dictate the actual number of buses
processed by a single system. Standards for lootipasite (telemetry) and tape recorder
formats are presented.

Although specifically designed to satisfy the riegments of 100 percent MIL-STD-1553
bus acquisition, the formatting provisions of tsiandard may be used in other applications when
the data source and content are similar enougértoipeasy adaptation. Users should contact the
appropriate range to ensure any adaptations anpatitote with that range.

8.2 Definitions

8.2.1 Bus Monitar The terminal assigned the task of receivingttaffic and extracting all
information to be used at a later time.

8.2.2 _Data BusAll hardware including twisted shielded pair lesh isolation resistors, and
transformers required to provide a single data bativeen the bus controller and all the associated
remote terminals.

8.2.3 _Dual Redundant Data Bughe use of two data buses to provide multiptpbetween the
subsystems.

8.2.4 Bus Loading The percentage of time the data bus is active.

8.2.5 _Maximum Burst LengthThe maximum length of a continuous burst of ragss with
minimum length message gaps.

8.2.6 _Bus Errar Conditions detected which violate the definitafMIL-STD-1553 word
structure. Conditions such as synchronization,dfaster, parity, noncontiguous data word, and
bit count/word errors are all considered word tgpers. System protocol errors, for example,
incorrect word count/message and illegal mode ¢@tesnot considered bus errors.
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8.3  Source Signal

The source of data is a signal conforming to MIIE&1553. Format provisions are made
for a dual redundant data bus system per bus.inférace device performing the data acquisition
shall be configured as a bus monitor. Figgedepicts in block diagram form the concept of 100
percent MIL-STD-1553 bus data acquisition.

T In the design of the interface to the MIL-STD-1%&®, it may be
NOTE necessary to include buffers to prevent loss af datl to conserve

& bandwidth. The buffer size is influenced by busliog, maximum

o v burst length, output bit rate, tape recording sptee tagging, and

auxiliary inputs.

r XMTR RCVR _l
|
TIME —> Y; T T P
E —| A |—| A |— R
USER —> H _ p |—| P | . o)
USER —> | 1] E |—] E |1 C N
C D D E (@)
1A — U R R 5 U
1B _— L . E . E S T
A . c | . P | p
1553 R . o . R N U
DATA R o) © T
BUSES - u +——>| D D |—s —
N , E u | U
8A —— | - 8 R C - 8 N
AB T . _ 5| E |—> |
R T

Figure 8-1.  System block diagram.
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8.4 Word Structure

The following subparagraphs describe the genevad structure to be used for the
formatted output.

8.4.1 The formatted data shall be a 24-bit wordstraoted as shown in FiguBe2(a).

8.4.2 The information extracted from the data hadl iave the synchronization pattern and parity
bit removed.

8.4.3 Each incoming MIL-STD-1553 word (Command t&tar Data), auxiliary input or time
word shall be appropriately labeled with a 4-bittemt identifier label as described in Fig8rg(c).

8.4.4 Data extracted from the MIL-STD-1553 buslsimaintain bit order integrity in the
information field for a command, status, data, @mdr word. Bit position four in the MIL-STD-
1553 bus word shall be placed in bit position rmimnine formatted data word. The remaining bits of
the MIL-STD-1553 bus word shall be placed in susiwesbit positions in the formatted data word.
Transposing or reordering of the bits is not pewedit

8.4.5 Each word shall also carry a 3-bit bus idientiabel as shown in Figug2(b).

8.4.6 An odd-parity bit generated for the resulfimgnatted data shall be the most significant bit
as shown in Figurg-2(a).

8.4.7 Fill words, required to maintain continuoasadoutput, shall have 1010 1010 1010 1010
(AAAA hex) as the information bit pattern.

8.4.8 For bus errors defined in paragr8h6(Error A - 1100 or Error B - 1000), the
synchronization pattern and the parity bit are nezdaas stated in subparagraph.2 The
information bits, 9 through 24, of the formattedrdvshall contain the resulting 16-bit pattern
extracted from the bus.

8.4.9 The buffer overflow tag (0000) and appropriais identification tag shall be appended to
the first word placed into the buffer aftbe buffer becomes available for data storages Ward
should be an "extra" word, not the next availaldeg of data. Bits 9 through 24 are available for
system level diagnostics and are not specified hEagging in this manner marks the point of data
discontinuity and preserves the integrity of thetméece of data.
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P BUS CONTENT

A IDENT IDENT INFORMATION

R| LABEL LABEL

|

T

Y

a. Field Definition
BIT BIT
234 234
000 BUS1 100 BUS 5
001 BUS2 101 BUS 6
010 BUS3 110 BUS 7
011 BUS4 111 BUS 8
b. Bus Identifier Label Definition:
Bits 2, 3, & 4

BIT BIT

5678 5678

1111 COMMAND A 0111 TIME - HIGH ORDBE

1110 STATUS A 0110 TIME - LOW ORDER

1101 DATA A 0101 TIME - MICROSECOND

1100 ERROR A 0100 TIME - RESPONSE

1011 COMMAND B 0011 USER DEFINED

1010 STATUS B 0010 USER DEFINED

1001 DATA B 0001 FILL WORD

1000 ERROR B 0000 BUFFER OVERFLOW

c. Content Identifier Label Definition:
Bits 5,6, 7, & 8

NOTE: A = primary channel of the dual redundant bus
B = secondary channel of the dual redundant bus

Figure 8-2.  Word construction.
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8.5 Time Words

The following subparagraphs describe the stru@nceuse of time words within the
formatted output.

8.5.1 There shall be four words dedicated to piogitiming information. Three of these words
are defined in subparagraph3.1through 4.7.4 and Figue3. They are designated as high order
time, low order time, and microsecond time. Thiom@l, fourth-time word, designated-response
time, has the same structure as the microsecoedaord (subparagrapgh7.9. The structure shall
follow the 16-bit per word format shown in Figur&4nd be placed into bits 9 through 24.

8.5.2 If time tagging of the occurrence of MIL-STIB53 messages is necessary to satisfy user
requirements, the first command word of the messhgk be time tagged. The time words shall
immediately follow the first command word in théldaving order: high order time, low order
time, and microsecond time.

8.5.3 The optional response time word shall hawectosecond resolution and shall indicate the
response time of the data bus. The response tore shall immediately precede the status word
associated with it.

T

NOTE If the response time function is not used, thetiienlabel 0100 may
be assigned to user defined inputs.

8.6  Composite Output

The following subparagraphs describe the chaiatitarfor a singular composite output
signal.

8.6.1 The composite, continuous output shall@onfto the requirements for pulse-code
modulation as stated in Chapter 4.

8.6.2 The data shall be transmitted or recordest significant bit first.

8.6.3 The bit rate is dependent on several fagtaiuding bus loading and auxiliary inputs and
shall be sufficient to preclude any loss of data.

8.6.4 The order of bus words must remain unatexeept in the case of a buffer overflow.

8.6.5 The frame length shall be fixed using fillrd® as required and shall b4 28 words ang
256 words including the frame synchronization word.
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8.6.6 The frame synchronization word shall bediand 24 consecutive bits in length. The
pattern, also shown in Tale1, Appendix C, is 1111 1010 1111 0011 0010 0000 F2&Fhex).

8.6.7 A frame structure employing frame timesisommended but optional. If frame time is used,
the frame structure shall consist of the frame lssorization word, followed by the high order time
word, followed by the low order time word, followeg the microsecond time word, followed by the
data words from all sources making up the compsgiteal up to the frame length specified in
subparagrapB.6.6(see Figurg-3). If frame time is not used, the frame synchrati@m word shall

be followed immediately by the data words.

(% Additional care must be exercised in data procgsain reductiol
NOTE if the last word in a composite stream is a commanidi. The

ﬁ / associated message time tag will not appear tgilthe

o synchronization and time words in the next frame.

8.6.8 The following subparagraphs describe tbemenended techniques for recording the high
bit rate composite output signal.

8.6.8.1 Longitudinal recording shall conformtie PCM recording provisions of Chapter 6.

8.6.8.2 Recording using parallel HDDR or rotagath recorders offers the advantage of inputting a
single high bit rate signal to the recording systérhe input PCM signal shall conform to the
appropriate sections of this standard.

8.6.8.3 If recording using digital recorders drestnoncontinuous recording processes with
buffered inputs, the fill words, inserted to pravial continuous output stream, may be optionally
eliminated.

8.7  Single Bus Track Spread Recording Format

The following subparagraphs describe the chaiatitarof a single bus recording technique
using a multiple tape track spread output format.

8.7.1 The target tape recorder/reproducer faack tspread format is a longitudinal fixed-head

machine described in Chapter 6 and not one emgg@anallel high density digital recording
(HDDR) or rotary head recording characteristics.
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FRAME SYNC FRAME HIGH FRAME LOW FRAME MICRO DATA
PATTERN TIME TIME TIME WORD 1
DATA DATA DATA DATA
WORD N-3 WORD N-2 WORD N-1 WORD N
END OF FRAME 4'
Figure 8-3.  Composite frame structure.

8.7.2 The code generated for longitudinal taperdéng shall be RNRZ-L or BiL as described
in Chapters 4 and 6.

Bit rates less than 200 000 bits per second areenommmended
when using RNR-L.

S NOTE
o/

8.7.3 To extend recording time while still acingr100 percent of the MIL-STD-1553 bus data, a
multiple track spread recording technique is presen

8.7.3.1 When necessary to use more than onedepeling track (to extend record time), separate
PCM streams shall be created and delayed by 24ifESKvith respect to each other, where TK
represents the number of tape tracks used forea dius.

8.7.3.2 When multiple track spread recording¢pired, the track spread shall be on a bus basis
such as bus number 1 spread over four tracks, @dumber 2 spread over two tracks. The
maximum number of tracks per bus shall be limitefibur.

—_

Consideration should be given to spread track ageggt; that is, a
tracks associated with a given bus should be redard the same
head stack.

Eﬁom

(2— ¥

8.7.3.3 Each stream shall have a frame synclatoizpattern 24 bits in length, conforming to
subparagrapB.6.6
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8.7.3.4 The word structure shall be identicahtd described in paragragl.

8.7.3.5 The frame length shall be fixed and dbelhe same for each track used for a given bus.
The frame length shall conform to the requiremehtibparagrap8.6.5

8.7.3.6 The data shall be formatted such thatiansmitted (recorded) most significant bittfirs

8.7.3.7 A structure employing frame time is renmended but optional. This subparagraph
describes a four-track spread example using franee tThe PCM stream designated TK1 shall be
constructed as the frame synchronization wordydeal by the high order frame time word,
followed by data words (see Figi8el). The PCM stream designated TK2 shall be constriuzs
the frame synchronization word, followed by the lorder frame time word, followed by data
words. The PCM stream designated TK3 shall betraied as the frame synchronization word,
followed by the microsecond frame time word, folemhby data words. The PCM stream
designated TK4 shall be constructed as the framehsgnization word, followed by the first data
word, followed by other data words. Schemes usimgy two, or three tracks for a given bus shall
follow like construction; that is, sequencing thghithe data track by track. If frame time is not
used, data words shall immediately follow the frasyechronization patterns.

¢ Additional care must be exercised in data procgsaia reduction
iNOTE / if the last word in the final track spread streama command word.
The associated message time tag will not appetattet the
o synchronizationnd time word in the next fram
TK1 FRAME SYNC FRAME DATA DATA
PATTERN HIGH TIME WORD 2 WORD 6
TK2 FRAME SYNC FRAME DATA DATA
PATTERN LOW TIME WORD 3 WORD 7
<> | 24/TK bit times
TK3 FRAME SYNC FRAME DATA DATA
PATTERN MICRO TIME | WORD 4 | WORD 8
<> | 24/TK bit times
TK4 FRAME SYNC DATA DATA DATA
PATTERN WORD 1 WORDS5 | WORD 9
<> 24/TK bit times
Figure 84.  Multiple tape track spread formattféack spread example).
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CHAPTER 9
TELEMETRY ATTRIBUTES TRANSFER STANDARD
9.1 General

Telemetry attributes are those parameters reqbiyetle receiving/processing system to
acquire, process, and display the telemetry da&iwed from the test item/source. The
Telemetry Attributes Transfer Standard (TMATS) pd®s a common definition and format to
facilitate the transfer of information between ttser and the test range and between ranges.
The telemetry attributes are defined such thairtfeemation required to set up the telemetry
receiving and processing equipment is providede fbhmat, while not necessarily compatible
with any receiving/processing system, will allowstteanges or other receiving systems to
develop a computer conversion program to extractrtformation and to set up data required for
their unique equipment configuration. Nonstandazathmeter variations are not included in the
attribute listings of choices but may be includgdekception in the comments section of each

group.

The intent of this chapter is to cover primaalyributes and terminology included in or
consistent with the other chapters in document Fag. example, PCM format attributes should
comply with the PCM standards as given in Chapte®ther attributes are included, at times,
for service and utility, but should not be constras endorsements apart from the other 106
chapters.

9.2 Scope

The TMATS provides the definition of the telemeatyributes and specifies the media
and data format necessary to permit the readyfeantthe information required to set up the
telemetry receiving/processing functions at an@sgje. The standard does not conform to nor
does it define existing or planned capabilitieaay given test range. Only those parameters that
are defined in this document are included by speference. Other nonstandard parameter
values/definitions may be included in the commeaetgion of each group.

9.3 Purpose

The TMATS provides a common format for the transfieinformation between the user
and a test range or between ranges (see AppendiX i3 format will minimize the "station
unique" activities that are necessary to supportest item. In addition, it is intended to rekev
the labor intensive process required to reformatriformation by providing the information on
computer compatible media, thus reducing errorsraqdiring less preparation time for test
support.
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9.4 Media and Data Structure

A variety of physical and electronic media areilabde for use in exchanging attribute
information. The most important factor in selegtimhich medium to use is that the parties
involved must agree to the specific medium of choitf any data compression (such as
Backup/Restore or Zip/Unzip) will be used, bothtigarshould agree to its use.

A cover sheet describing the system that prodtioedttribute medium should
accompany the attribute information. A recommenfdechat for the cover sheet is given in
Appendix 1.

9.4.1 _Physical FormatAttributes for each mission configuration arétosupplied in a single
physical file with contents as 7-bit ASCII codedaddcters. Line feed (LF) and carriage return
(CR) may be used to improve readability of the finfation. Nonprintable characters will be
discarded by the destination agency prior to tetimg the attributes into telemetry system
configuration information.

For disks, multiple mission configurations maydvevided on a single disk; however,
each configuration must be in a separate file ifledtin the disk directory. File names should
use the file extensions . TXT’ to indicate a teiie for . TMT’ or . TMA'’ to indicate a TMATS
file. A stick-on label and the accompanying cosfeeet identify the file names corresponding to
the mission configuration used for each mission.

On magnetic tape, physical records may be anyugize 2048 bytes. A single end-of-
file (EOF) mark indicates the end of a mission @unfation. Additional mission configurations
can be included in sequential files on a single tafp double EOF is used to indicate the end of
the last mission configuration on the tape. Akstio label and an accompanying cover sheet
identifying the missions for each configuration ezquired.

9.4.2 _Logical FormatEach attribute appears in the file as a uniquke mame and as a data
item. The code name appears first, delimited bglan. The data item follows, delimited by a
semicolon. Thus, an attribute is formatted as A:Bhere A is the code name and B is the data
item, in accordance with the tables in paragi@h Numeric values for data items may be
either integer or decimal. Scientific notatiand.ddddddE ee) is allowed only for the specific
data items defined for its use in the tables irageaph 9.5. For alphanumeric data items,
including keywords, either upper or lower casdlmaed; all defined keyword values are shown
as upper case and enclosed in quotes in the tabbesagraph 9.5. Semicolons are not allowed
in any data item (including comment items). Anynter of attributes may be supplied within a
physical record subject to the maximum mentioneslipparagrapB.4.1 Attributes may

appear in any order.

There are two basic types of attribute code namseggle and multiple entry. Single-
entry attributes are those for which there is amg data item. Multiple-entry attributes appear
once in the definition tables in paragraph 9.5Haue multiple items; these items are assigned a
number. The number appears in the code name gednda hyphen. For example, data source
identifiers might have the following entries:
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G\DSI-1:Aircraft;
G\DSI-2:Missile;
G\DSI-3:Target;

The code name COMMENT may be used to interjectroents to improve readability.
(Note that the comment data items, such as G\C@dintended to convey further details within
the TMATS file itself.) Comments must follow therébute logical format, as shown below:

COMMENT: This is an example of a comment;

Refer to paragraph 9.5 for detailed definitionsa@fie names and attributes and Appendix
J for an example application of this standard.

9.5 Telemetry Attributes

The description of the mission configuration irteg all potential sources of data: RF
links, pre- or post-detected tapes, or onboardrdszbtapes or storage media. Each of these has
unique characteristics which must be defined. Eaehice is given a unique identity and its
characteristics are specifically defined in asdedattributes fields. In multiplexed systems,
each data stream is uniquely identified by a datarlame, which, in turn, is related to the data
source name.

(% Only the information that is essential to define #ttributes of

NOTE system is required. Nonapplicable information doetsneed to be
ﬁ / included in the file. However, all attribute infoation given is to
o be provided in the specified format.

The attributes defined in this section proceedftbe general level to the detailed level.
The groups defined, in terms of data to be enteneridescribed next.

General Information establishes the top-level program definition afehtifies the data sources.

Transmission Attributesdefine an RF link. There will be one group éach RF link identified
in the General Information Group.

Tape/Storage Source Attributes - identify a tapstorage data source.

Multiplex/Modulation Attributes describe the FM/FM, FM/PM, or PM/PM multiplex
characteristics. Each multiplexed waveform musehaunique set of attributes. For the analog
measurement, the tie to the engineering units gsioveis made in this group.

Digital Data Attributes are divided into three groups: the PCM Formdtildates, the PCM
Measurement Description, and the Bus Data Attriute
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PCM Format Attributes define the PCM data format characteristics,udilg subframes and

embedded formats. Each PCM format will have arsgpdormat attributes group.

PCM Measurement Descriptionslefine each PCM measurand that ties the PCM unement,

format, and data conversion (calibration) together.

Bus Data Attributes specify the PCM encoded MIL-STD-1553 or ARINC4aus
format characteristics.

PAM Attributes- contain the definition of the PAM system. Itlindes the PAM

format characteristics and measurement attributée tie to the engineering unit conversion is

made for the measurands contained in the PAM format

Data Conversion Attributescontain the data conversion information fomadlasurements in
this telemetry system. The calibration data amewsion definition of raw telemetry data to
engineering units is included. The tie to the measds of the telemetry systems defined in the

previous groups is via the measurement name.

Airborne Hardware Attributesdefine the configuration of airborne instrumeiota hardware in

use on the test item.
Vendor Specific Attributes provide information that is specific to a vendor

9.5.1 _Contents The following subparagraphs discuss the orgénizaf the attributes and

their relationships with the various groups.

9.5.1.1 _OrganizationAttribute information is organized accordingatdierarchical structure in
which related items are grouped and given a comineawling. The number of levels varies
within the overall structure and is a function loé¢ fogical association of the attributes. At the

highest level, the telemetry attributes are defifwedhe following groups:

Identifier Title
General Information

Transmission Attributes
Tape/Storage Source Attributes
Multiplexing/Modulation Attributes
PCM Format Attributes

PCM Measurement Description
Bus Data Attributes

PAM Attributes

Data Conversion Attributes
Airborne Hardware Attributes
Vendor Specific Attributes

<|I|O|>» wo vl |3-Ho
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Within the structure, a lower case letter, forrapée, n, p, or r, indicates a multiple entry
item with the index being the lower case lettehe Tange of these counters is from one to the
number indicated in another data entry, usually wie appendage \N.

Within the tables, the code name, definition, avekimum field size are given for each
individual attribute. The maximum field size i¢énded to be a guideline indicating the
intended use of the attribute, and does not impbpsert of the maximum by any and all ranges.
For example, the fact that the Number of Data Sesuattribute is 2 characters long does not
mean that 99 data sources are supported. Each shiogld be consulted as to their specific
capabilities.

9.5.1.2 _Group RelationshipShe interrelationships between the various gsane shown
pictorially in Figure9-1.

T 1. Data Source ID is unique within a General Infatior Group (G).

)Y NOTE It ties the Transmission Group (T) or the Tape/&erGroup (R) or

ﬁ / both to the G group and to the Multiplex/Modulati@roup (M).

SR 2. The tie from the M group to a PCM Group (PpAM Group (A),
or a Bus Group (B) is the Data Link Narr

3. The tie from the P group to an embedded P gi®apother Dat
Link Name.

4. The tie from the M group to the Data Conversgroup (C) for
an analog measurement is the Measurement Name.

5. The tie from the P group to the PCM MeasurerDascription
Group (D) is the Data Link Name.

6. The tie from either the A, D, or B group to fhata Conversion

- In the 106-04 revision to this chapter, the teadbles, and figures have been
@Wy updated to include references to stordgeices and media, in addition to tape
- media.
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TMATS GROUP
Medium
FILE #1 | FILE #2
| |
G1 G2 G

|
DATA DATA DATA DATA
SOURCE ID SOURCE ID SOURCE ID SOURCE ID

R1 R2 T1 T2 TorR

DATA DATA DATA DATA

DATA SOURCE ID | SOURCE ID | SOURCE ID SOURCE ID | SOURCE ID

M1 M2 M3 M4 M5 M
DATA DATA DATA DATA
LINK LINK LINK LINK
NAME NAME NAME NAME
DATA
P3 (PCM) P4 (PCM)
(FM) P1 (PCM) P2 (PCM) Al (PAM) (HOST) LINK (EMBEDDED) PorA
NAME
DATA DATA DATA DATA
LINK NAME NAME LINK LINK NAME LINK NAME
Bl
D1 (BUS) D2 D3 DorB
MEAS. | MEAS. [ MEAS. | MEAS. | MEAS. | MEAS. | MEAS. | MEAS. | MEAS. | MEAS. | MEAS. | MEAS.
NAME | NAME | NAME | NAME | NAME | NAME | NAME | NAME | NAME | NAME | NAME | NAME
Cc1 (o7 c3 C4 C5 o CT as a9 cho g11 c12 cC
Figure 9-1.  Group relationships.
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9.5.2 _General Information (G)The General Information Group provides overadigoam
information. Figure@-2 gives the overall information that is includedtis group and Tablg-1
identifies and defines the data required includimgdates associated with the detailed
information. Since the identification of the datarces is an integral part of the remaining
groups, each source must be identified uniquely.

General Information Group (G) SAO,\?E RE';iFéEENCE
PROGRAM NAME (G\PN) (9-8)
TEST ITEM (G\TA) (9-8)
*INFORMATION
IRIG 106 REVISION LEVEL (G\106)
ORIGINATION DATE (G\OD)
REVISION NUMBER (G\RN)
REVISION DATE (G\RD)
UPDATE NUMBER (G\UN)
UPDATE DATE (G\UD)
TEST NUMBER (G\TN)
NUMBER OF POINTS OF CONTACT (G\POC\N)
*POINT OF CONTACT
NAME (G\POC1-n)
AGENCY (G\POC2-n)
ADDRESS (G\POC3-n)
TELEPHONE (G\POC4-n)
*DATA SOURCE IDENTIFICATION (9-9)
| NUMBER OF DATA SOURCES (G\DSI\N)
DATA SOURCE ID (G\DSI-n)
DATA SOURCE TYPE (G\DST-n)
*TEST INFORMATION (9-9)
TEST DURATION (G\TI1)
PRE-TEST REQUIREMENT (G\TI2)
POST-TEST REQUIREMENT (G\TI3)
SECURITY CLASSIFICATION (G\sC)
* COMMENTS
COMMENTS (G\COM) (9-10)
*Heading Only - No Data Entry

Figure 9-2.  General Information Group (G).
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TABLE 9-1. GENERAL INFORMATION GROUP (G)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
PROGRAM NAME 16 G\PN NAME OF PROGRAM
TEST ITEM 64 G\TA TEST ITEM DESCRIPTION IN TERMS OF
NAME, MODEL, PLATFORM, OR
IDENTIFICATION CODE, AS APPROPRIATE
INFORMATION
IRIG 106 2 G\106 VERSION OF IRIG 106 STANDARD USED T(Q
REVISION LEVEL GENERATE THIS TMATS FILE
ORIGINATION 10 G\OD DATE OF ORIGINATION OF THIS MISSION
DATE CONFIGURATION.
DD - DAY MM - MONTH
YYYY - YEAR (MM-DD-YYYY)
REVISION 4 G\RN REVISION NUMBER ASSOCIATED WITH
NUMBER THIS MISSION CONFIGURATION
REVISION DATE 10 G\RD DATE OF REVISION.
DD - DAY MM - MONTH
YYYY - YEAR (MM-DD-YYYY)
UPDATE 2 UPDATE NUMBER OF CURRENT CHANGE
NUMBER G\UN WHICH HAS NOT BEEN INCORPORATED
AS A REVISION
UPDATE DATE 10 DATE OF UPDATE.
G\UD DD - DAY MM - MONTH
YYYY - YEAR (MM-DD-YYYY)
TEST NUMBER 16 G\TN TEST IDENTIFICATION
NUMBER OF 1 NUMBER OF POINTS OF CONTACT TO BE
POINTS OF G\POC\N | GIVEN
CONTACT
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TABLE 9-1 (Contd).

GENERAL INFORMATION GROUP (G )

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
POINT OF LIST EACH OF THE RESPONSIBLE
CONTACT: AGENCIES AND THEIR POINT OF
NAME 24 G\POC1-n | CONTACT.
AGENCY 48 G\POC2-n
ADDRESS 48 G\POC3-n
TELEPHONE 20 G\POC4-n
DATA SOURCE IDENTIFICATION
NUMBER OF 2 G\DSI\N SPECIFY THE NUMBER OF DATA
DATA SOURCES SOURCES: FOR RF TELEMETRY SYSTEMS
GIVE THE NUMBER OF CARRIERS; FOR
TAPE OR STORAGE RECORDED DATA,
IDENTIFY THE NUMBER OF TAPE OR
STORAGE SOURCES.
DATA 32 G\DSI-n PROVIDE A DESCRIPTIVE NAME FOR THIS
SOURCE SOURCE. EACH SOURCE IDENTIFIER MUS
ID BE UNIQUE.
DATA 3 G\DST-n | SPECIFY THE TYPE OF SOURCE:
SOURCE RF - ‘RF’ TAPE - ‘TAP’
TYPE STORAGE - ‘STO’ OTHER - ‘OTH’

NOTE: PROVIDE THE ABOVE TWO ITEMS FOR EACH DATA SOURCE.

TEST INFORMATION

TEST 4 G\TI1 APPROXIMATE DURATION OF TEST IN

DURATION HOURS.

PRE-TEST 1 G\TI2 INDICATE WHETHER A PRE-TEST

REQUIREMENT REQUIREMENT IS APPLICABLE ('Y’ OR
‘N’). PROVIDE DETAILS IN COMMENTS
RECORD.

POST-TEST 1 G\TI3 SPECIFY WHETHER A POST-TEST

REQUIREMENT

REQUIREMENT IS APPLICABLE
('Y’ OR 'N’). PROVIDE DETAILS IN
COMMENTS RECORD.
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TABLE 9-1 (Cont'd). GENERAL INFORMATION GROUP (G)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

SECURITY
CLASSIFICATION

1

G\SC

PROVIDE THE CLASSIFICATION OF
THE PROJECT DATA. PROVIDE A
DESCRIPTION OF THE
CLASSIFICATION GUIDE AND ANY
INFORMATION CONCERNING
DECLASSIFICATION AND/OR
DOWNGRADING IN COMMENTS
RECORD.

UNCLASSIFIED - ‘U’

CONFIDENTIAL - ‘C’

SECRET - 'S’

TOP SECRET - ‘T

OTHER - ‘O’

COMMENTS

COMMENTS

1600

G\COM

PROVIDE THE ADDITIONAL
INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED.

9.5.3 Transmission AttributesXT The Transmission Attributes are presented gcablyiin

Figure9-3 and specified in Tabl@-2. The information contained within this group &ed to set

up the RF receiver through the detection and regosethe baseband composite waveform.

The format contains the information needed to gumd the antenna and receiver subsystems.

Additional equipment inserted in a specific rangafiguration such as microwave

or other relay is intended to be transparent tauiez and is not described under Transmission

Attributes.

Because the information is mutually exclusive, ahly appropriate frequency
modulation (FM) or phase modulation (PM) systenadzt is required for a link.
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Transmission Attributes Group (T)

DATA
SOURCE ID
*SOURCE RF ATTRIBUTES
TRANSMITTER ID
FREQUENCY
RF BANDWIDTH
DATA BANDWIDTH

MODULATION TYPE

TOTAL CARRIER MODULATION

POWER (RADIATED)

NUMBER OF SUBCARRIERS

SUBCARRIER NUMBER

MODULATION INDEX

MODULATOR NON-LINEARITY

*PREMODULATION FILTER

BANDWIDTH

SLOPE

TYPE

*TRANSMIT ANTENNA

TRANSMIT ANTENNA TYPE

TRANSMIT POLARIZATION

ANTENNA LOCATION

*ANTENNA PATTERNS

DOCUMENT

*POINT OF CONTACT

NAME

AGENCY

ADDRESS

TELEPHONE

*GROUND STATION ATTRIBUTES

IF BANDWIDTH

BASEBAND COMPOSITE BANDWIDTH

*GAIN CONTROL

I AGC TIME CONSTANT

OR
| MGC GAIN SET POINT

AFC/APC

| TRACKING BANDWIDTH

POLARIZATION RECEPTION

*FM SYSTEMS

OR

DISCRIMINATOR BANDWIDTH

DISCRIMINATOR LINEARITY

*PM SYSTEMS

PHASE LOCK LOOP BANDWIDTH

*COMMENTS

| COMMENTS

* Heading Only — No Data Entry

CODE
NAME

(T-X\ID)

(T-X\TID)
(T-X\RF1)
(T-xX\RF2)
(T-X\RF3)
(T-xX\RF4)
(T-X\RF5)
(T-x\RF6)
(T-x\SCO\N)
(T-x\SCO1-n)
(T-x\SCO2-n)
(T-X\RF7)

(T-X\PMF1)
(T-X\PMF2)
(T-X\PMF3)

(T-X\AN1)
(T-X\AN2)
(T-X\AN3)

(T-X\AP)
(T-X\AP\POC1)
(TX\AP\POC2)

(T-X\AP\POC3)
(T-X\AP\POC4)

(T-X\GST1)
(T-X\GST2)

(T-X\GST3)

(T-X\GST4)
(T-X\GST5)
(T-X\GST6)

(T-X\GST7)

(T-X\FM1)
(T-X\FM2)

(T-X\PLL)

(T-X\COM)

REFERENCE
PAGE

(9-12)

(9-13)

(9-13)

(9-14)

(9-14)

(9-14)

(9-14)
(9-15)

(9-15)

(9-15)

Figure 9-3.

Transmission Attributes Group (T).
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TABLE 9-2. TRANSMISSION ATTRIBUTES GROUP (T)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
DATA SOURCE ID CONSISTENT WITH
DATA SOURCE ID 32 T-x\ID GENERAL INFORMATION GROUP
SOURCE RF ATTRIBUTES
TRANSMITTER ID 12 T-X\TID | TRANSMITTER IDENTIFICATION
FREQUENCY 6 T-XRF1 | CARRIER FREQUENCY, IN MHz. IF
PROGRAMMABLE, ENTER ‘P’, AND
DEFINE IN COMMENTS RECORD.
RF BANDWIDTH 6 T-XRF2 | TOTAL RF BANDWIDTH (-60 dBDF
MODULATED SIGNAL, IN MHz
DATA BANDWIDTH 6 T-X\RF3 | COMPOSITE BASEBAND DATA
BANDWIDTH (3 dB), IN kHz.
MODULATION 12 T-X\RF4 | DEFINE THE MODULATION TYPE: ‘FM’
TYPE ‘PM’  ‘BPSK' ‘DPSK’ ‘QPSK’
‘FQPSK-B' ‘FQPSK-JR* ‘SOQPSRG’
‘MULTI-H CPM’'  ‘OTHR’
TOTAL CARRIER 6 T-X\RF5 | FOR FM SYSTEM, DEFINE TOTAL
MODULATION CARRIER DEVIATION, PEAK-TO-PEAK,
IN kHz. FOR PM SYSTEM, DEFINE
TOTAL PHASE MODULATION, PEAK-
TO-PEAK, IN RADIANS.
POWER 4 T-X\RF6 | TOTAL TRANSMITTED POWER WHEN
(RADIATED) MODULATED, IN WATTS
NUMBER OF 2 T-x\ NUMBER OF SUBCARRIERS IN THE
SUBCARRIERS SCOWN COMPOSITE BASEBAND WAVEFORM, n

IF NONE, ENTER ‘NO'.
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TABLE 9-2 (Cont'd). TRANSMISSION ATTRIBUTES GROUP (T)

MAXIMUM

PARAMETER FIELD CODE DEFINITION
NAME
SIZE

SUBCARRIER 5 Tox\ GIVE THE IRIG CHANNEL NUMBER FOR

NUMBER SCO1-n | THE SUBCARRIER. IF NONSTANDARD
SUBCARRIER, ENTER ‘NO’, AND
ENTER FREQUENCY IN THE
COMMENTS SECTION WHERE n IS AN
IDENTIFICATION TAG FOR THE
SUBCARRIER.

MODULATION 4 T-x\ SPECIFY THE MODULATION INDEX

INDEX SCO2-n | FOR EACH SUBCARRIER IN THE
COMPOSITE WAVEFORM, AS
APPROPRIATE.

MODULATOR 4 T-X\RF7 | MODULATOR NONLINEARITY, IN

NONLINEARITY PERCENT

PREMODULATION FILTER

BANDWIDTH 6 T-X\PMF1 | PRE-MODULATION COMPOSITE FILTR
BANDWIDTH, 3 dB CUT-OFF
FREQUENCY, IN kHz

SLOPE 2 TX\PMF2 | PRE-MODULATION FILTER
ASYMPTOTIC ROLL-OFF SLOPE,
dB/OCTAVE

TYPE 2 T-X\PMF3 | SPECIFY THE FILTER TYPE:
CONSTANT AMPLITUDE - ‘CA’
CONSTANT DELAY - ‘CD’
OTHER - ‘OT'

TRANSMIT ANTENNA

TRANSMIT 16 TX\ANL | TRANSMIT ANTENNA TYPE

ANTENNA TYPE

TRANSMIT 4 T-X\AN2 | TRANSMIT ANTENNA POLARIZATION,

POLARIZATION ‘RHCP" ‘LHCP’ LINEAR - ‘LIN’

ANTENNA 16 T-X\AN3 | DESCRIBE THE ANTENNA LOCATION.

LOCATION
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TABLE 9-2 (Cont'd). TRANSMISSION ATTRIBUTES GROUP (T)

MAXIMUM

PARAMETER FIELD CODE DEFINITION
NAME
SIZE
ANTENNA PATTERNS
DOCUMENT 16 T-X\AP IDENTIFY DOCUMENT HAVING
ANTENNA PATTERNS.
POINT OF CONTACT: IDENTIEY THE POINT OF CONTACT
FOR ADDITIONAL INFORMATION.
NAME 24 T-X\
AP\POC1
AGENCY 48 T-x\
AP\POC2
ADDRESS 48 T-x\
AP\POC3
TELEPHONE 20 T-x\
AP\POC4
GROUND STATION ATTRIBUTES
IF BANDWIDTH 6 TX\GST1 | DEFINE THE IF BANDWIDTH (31B) IN
MHz.
BASEBAND 6 T-X\GST2 | DEFINE THE CUTOFF FREQUENCY
COMPOSITE (3 dB), OF THE OUTPUT FILTER, IN kHz.
BANDWIDTH
GAIN CONTROL
AGC TIME 4 T-X\GST3 | SPECIFY THE AGC TIME CONSTANT
CONSTANT DESIRED IN MILLISECONDS.
MGC GAIN 6 T-X\GST4 | PROVIDE THE MANUAL GAIN
SET POINT CONTROL SET POINT IN TERMS OF
RECEIVED SIGNAL STRENGTH, dBm.
AFCIAPC 3 T-X\GST5 | SPECIFY AUTOMATIC FREQUENCY
CONTROL (‘AFC’) OR AUTOMATIC
PHASE CONTROL (‘APC’) OR NONE
(NON).
TRACKING 4 T-X\GST6 | SPECIFY TRACKING LOOP BAND-
BANDWIDTH WIDTH, IN Hz.
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TABLE 9-2 (Contd).

TRANSMISSION ATTRIBUTES GROUP (T)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
POLARIZATION 5 T-X\GST7 | SPECIFY POLARIZATION TO BE USED:
RECEPTION RHCP - ‘RHCP’
LHCP - ‘LHCP’
BOTH - ‘BOTH’
BOTH WITH DIVERSITY COMBINING:
PRE-DETECTION-'B&DPR’
POST-DETECTION-'B&DPCO’
DIVERSITY COMBINING (ONLY):
PRE-DETECTION-'PRE-D’
POST-DETECTION-'POS-D’
OTHER - ‘OTHER’, SPECIFY IN
COMMENTS.
FM SYSTEMS
DISCRIMINATOR 4 T-x\FM1 SPECIFY THE DISCRIMINATOR
BANDWIDTH BANDWIDTH REQUIRED, IN MHz.
DISCRIMINATOR 4 T-X\FM2 SPECIFY THE REQUIRED LINEARITY
LINEARITY OVER THE BANDWIDTH SPECIFIED.
PM SYSTEMS
PHASE LOCK LOOP 4 T-x\PLL SPECIFY THE PHASE LOCKED LOOP
BANDWIDTH BANDWIDTH.
COMMENTS
COMMENTS 1600 T-xX\COM PROVIDE THE ADDITIONAL
INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED.
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9.5.4 _Tape/Storage Source Attributes. (Rhis group describes the attributes requirednvhe
the data source is a magnetic tape as specifi€thépter 6 or a data storage device as

specified in Chapter 10. In the case of the tae link identification, each data sourc ﬁ
must be identified. In some cases the data sadectification may be identical, N

particularly when the same information has beeaived from different receiver sites,
on different polarizations, or on different carsiéor redundancy purposes. Some of the
information requested will be available only frohe trecording site or the dubbing location.

Figure9-4 indicates the information required. Various catégs of information have
been included. In the data section of the atteibuit will be necessary to repeat the items until
all of the data sources have been defined, inctutlia multiple tracks, which contain ground
station data of interest. Talfle3 defines the information required. Any nonstandape
recordings will require explanation in the commeantsl may require supplemental definition.
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Tape/Storage Source Attributes Group (B

DATA
SOURCE ID

TAPE/STORAGE ID

TAPE/STORAGE DESCRIPTION

*TAPE/STORAGE CHARACTERISTICS

TAPE/STORAGE TYPE

TAPE/STORAGE MANUFACTURER

TAPE/STORAGE CODE

TAPE WIDTH

TAPE HOUSING

TYPE OF TRACKS

NUMBER OF TRACKS/CHANNELS

RECORD SPEED

DATA PACKING DENSITY

TAPE REWOUND

*RECORDER INFORMATION

TAPE DRIVE/STORAGE MANUFACTURER

TAPE DRIVE/STORAGE MODEL

ORIGINAL TAPE/STORAGE

DATE AND TIME CREATED

*CREATING ORGANIZATION
POINT OF CONTACT

NAME

AGENCY

ADDRESS

TELEPHONE

DATE OF DUB

*DUBBING ORGANIZATION
POINT OF CONTACT

NAME

AGENCY

ADDRESS

TELEPHONE

*DATA

TRACK NUMBER/ CHANNEL ID

RECORDING TECHNIQUE

DATA SOURCE ID

DATA DIRECTION

=7

CHANNEL ENABLE

CHANNEL DATA TYPE

*DATA TYPE ATTRIBUTES

*PCM DATA TYPE ATTRIBUTES

DATA LINK NAME

DATA PACKING OPTION

OR TYPE FORMAT

| (Continued on next page)

CODE NAME

(R-X\ID)

(R-X\RID)
(R-X\R1)

(R-X\TC1)
(RX\TC2)
(RX\TC3)
(R-X\TCA4)
(R-X\TC5)
(RX\TT)
(RX\N)
(R-X\TCB)
(RX\TC?)
(R-X\TC8)

(RX\RI1)
(R-X\RI2)
(R-X\RI3)
(RX\RI4)

(R-X\POC1)
(RX\POC2)
(RX\POC3)
(R-X\POC4)
(R-X\RI5)

(RX\DPOC1)
(RX\DPOC2)
(R-X\DPOC3)
(R-X\DPOC4)

(R-xX\TK1-n)
(R-X\TK2-n)
(R-X\DSI-n)
(R-xX\TK3-n)
(R-x\CHE-n)
(R-X\CDT-n)

(R-X\PDLN-n)
(R-x\PDP-n)
(R-X\PTF-n)

REFERENCE
PAGE

(9-19)
(9-19)

(9-20)

(9-20)

(9-21)

(9-21)

(9-22)

Figure 9-4.

Tape/Storage Source Attributes Groyp (R
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| *BUS DATA TYPE ATTRIBUTES

| DATA LINK NAME

(e ) o
& ) *ANALOG DATA TYPE ATTRIBUTES

*DIS

CHANNELS/PKT

NUMBER OF ANALOG

DATA PACKING OPTION

SAMPLE RATE

MEASUREMENT NAME

DATA LENGTH

BIT MASK

MEASUREMENT TRANSFER ORDER

SAMPLE FACTOR

CRETE DATA TYPE ATTRIBUTES

OR

DISCRETE MODE

SAMPLE RATE

MEASUREMENTS

NUMBER OF DISCRETE

MEASUREMENT NAME

BIT MASK

MEASUREMENT TRANSFER ORDER

| *VIDEO DATA TYPE ATTRIBUTES

| VIDEO ENCODING DELAY

| *TIME DATA TYPE ATTRIBUTES

| TIME FORMAT

*REFERENCE TRACK

NUMBER OF REFERENCE TRACKS

TRACK NUMBER

REFERENCE FREQUENCY

*COMMENTS

| COMMENTS

*Heading Only - No Data Entry

(R-x\BDLN-n)

(R-x\ACH\N-n)
(R-x\ADP-n)
(R-x\ASR-n)
(R-x\AMN-n-m)
(R-x\ADL-n-m)

(R-X\AMSK-n-m)

(R-X\AMTO-n-m)
(R-X\ASF-n-m)

(R-xX\DMOD-n)
(R-X\DSR-n)

(R-x\NDM\N-n)
(R-x\DMN-n-m)
(R-xX\DMSK-n-m)
(R-NDO-n-m)
(R-xX\VED-n)
(R-X\TFMT-n)
(R-x\RT\N)
(R-x\RT1-n)

(R-X\RT2-n)

(R-X\COM)

(9-23)

(9-23)

(9-24)

(9-25)

(9-25)

(9-25)

(9-26)

Figure 9-4 (Cont'd).

Tape/Storage Source Attrib@esup (R).
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TABLE 9-3. TAPE/STORAGE SOURCE ATTRIBUTES GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
DATA SOURCE ID CONSISTENT WITH
DATA SOURCE ID 32 R-X\ID GENERAL INFORMATION GROUP
TAPE/STORAGE ID 32 R-x\RID TAPE OR STORAGE IDENTIEATION
TAPE/STORAGE R-x\R1 TAPE REEL NUMBER OR OTHER
DESCRIPTION 32 DEFINITION, OR STORAGE
DESCRIPTION
TAPE/STORAGE CHARACTERISTICS
TAPE /STORAGE 4 R-x\TC1 SPECIFY THE TAPE OR STORAGE TYPE
TYPE ANALOG - ‘ANAL’
CASSETTE - ‘CASS’
HDDR - ‘HDDR’
PARALLEL - ‘PARA’
SOLID STATE RECORDER - ‘SSR’
OTHER - ‘OTHR’, DEFINE IN COMMENTS
RECORD.
TAPE/STORAGE 8 R-x\TC2 NAME OF MANUFACTURER OF THE
MANUFACTURER TAPE OR THE STORAGE MEDIA
TAPE/STORAGE 8 R-x\TC3 SPECIFY MANUFACTURER’S TAPE OR
CODE STORAGE MEDIA DESIGNATION CODE.
TAPE WIDTH 4 R-x\TC4 PHYSICAL DIMENSION OF TAPE WITH,
IN INCHES
TAPE HOUSING 5 R-x\TC5 STATE THE REEL SIZE, INCHES:
10.5’ ‘14.0’ '15.0' '16.0' ‘OTHER’
STATE THE CASSETTE SIZE, MM:
‘12.65" '19.00 ‘OTHER’
TYPE OF TRACKS 2 R-X\TT STATE THE TYPE OF TRACKS ONE
TAPE: LONGITUDINAL - ‘LO’
ROTARY - ‘RO’
NUMBER OF 2 R-x\N STATE THE NUMBER OF TRACKS ON
TRACKS/ THE TAPE OR THE NUMBER OF
CHANNELS CHANNELS ON THE STORAGE MEDIA.
RECORD SPEED 4 R-x\TC6 STATE RECORD SPEED (incleesisd).
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TABLE 9-3 (Contd).

TAPE/STORAGE SOURCE ATTRIBUT ES GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
DATA PACKING 2 R-x\TC7 STATE RECORDING SYSTEM
DENSITY BANDWIDTH:
INTERMEDIATE BAND - ‘IM’
WIDE BAND - ‘WB’
DOUBLE DENSITY - ‘DD’
OTHER - ‘'OT’
TAPE REWOUND 1 R-x\TC8 YES - Y’ M- ‘N’
RECORDER INFORMATION
TAPE 8 R-x\RI1 NAME OF TAPE DRIVE OR STORAGE
DRIVE/STORAGE DEVICE MANUFACTURER
MANUFACTURER
TAPE 8 R-x\RI2 MANUFACTURER’'S MODEL NUMBER OF
DRIVE/STORAGE TAPE DRIVE OR STORAGE DEVICE USED
MODEL TO CREATE THE TAPE OR STORAGE
MEDIA
ORIGINAL 1 R-x\RI3 YES - Y’ NO - ‘N’
TAPE/STORAGE
DATE AND TIME 19 R-x\R14 DATE AND TIME TAPE OR STORAGE
CREATED MEDIA WAS CREATED:
DD - DAY MM - MONTH
YYYY - YEAR HH - HOUR
Ml — MINUTE SS - SECOND
(MM-DD-YYYY-HH-MI-SS)
CREATING POINT OF CONTACT AT THE FACILITY
ORGANIZATION CREATING THE TAPE OR STORAGE
POC: MEDIA: NAME, AGENCY, ADDRESS, AND
NAME 24 R-xX\POC1 | TELEPHONE
AGENCY 48 R-xX\POC2
ADDRESS 48 R-xX\POC3
TELEPHONE 20 R-xX\POC4
DATE OF DUB 10 R-x\RI5 DATE THE DUB WAS MADE:

DD - DAY
YYYY - YEAR

MM — MONTH
(MM-DD-YYYY)
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
SIZE NAME

DUBBING
ORGANIZATION POINT OF CONTACT AT THE DUBBING
POC: AGENCY: NAME, ADDRESS, AND

NAME 24 R-xX\DPOC1 | TELEPHONE

AGENCY 48 R-xX\DPOC2

ADDRESS 48 R-x\DPOC3

TELEPHONE 20 R-x\DPOC4
DATA

NOTE: DEFINE INFORMATION CONTAINED ON EACH TRACK OF HE TAPE OR EACH

CHANNEL OF THE STORAGE MEDIA.

TRACK NUMBER/
CHANNEL ID

2

R-x\TK1-n

SPECIFY THE TRACK NUMBER OR
THE CHANNEL ID THAT CONTAINS

THE DATA TO BE SPECIFIED.

RECORDING
TECHNIQUE

R-x\TK2-n

SPECIFY THE RECORDING TECHNIQUE
USED FOR THIS TRACK:
FM/FM - ‘FM/FM’
HDDR - ‘HDDR’
PRE-DETECTION - ‘PRE-D’
DIRECT - ‘DIRECT’
FM-WIDE BAND GRP | - ‘FMWBI’
FM-WIDE BAND GRP Il - ‘FMWBII’
FM-INTERMEDIATE BAND - FM-IM’
FM-NARROW BAND - ‘FM-NB’
DOUBLE DENSITY - ‘DOUDEN’
ROTARY (SINGLE TRACK) - ‘RO-K’
ROTARY (MULTIPLEXED) - ‘RO-MUX’
SOLID STATE -'SSR’
OTHER - ‘OTHER’

DATA SOURCE ID

32

R-x\DSI-n

SPECIFY THE DATA SOURCE
IDENTIFICATION. FOR A SITE
RECORDED MULTIPLEXED TRACK,
PROVIDE A DATA SOURCE
IDENTIFICATION.
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
DATA DIRECTION 3 R-x\TK3-n | FORWARD - ‘FWD’
REVERSE - ‘REV’
CHANNEL 1 R-X\CHE-n | INDICATES IF SOURCE IS ENABLED
ENABLE SOURCE MUST BE ENABLED TO m
GENERATE DATA PACKETS. % 1!/
‘T"=TRUE, ‘F =FALSE
CHANNEL DATA 6 R-x\CDT-n | SPECIFY THE TYPE OF SOURCE IF ‘STO’
TYPE WAS SPECIFIED IN G GROUP DATA
SOURCE TYPE:
PCM INPUT — ‘PCMIN’
ANALOG INPUT — ‘ANAIN’
DISCRETE INPUT — ‘DISIN’
IRIG TIME INPUT — ‘TIMEIN’
VIDEO INPUT — ‘VIDIN’,
UART INPUT — ‘UARTIN’
1553 INPUT — “1553IN’,
ARINC 429 INPUT — *429IN’
MESSAGE DATA INPUT - ‘MSGIN’
IMAGE DATA INPUT - ‘IMGIN’
DATA TYPE ATTRIBUTES
PCM DATA TYPE ATTRIBUTES
DATA LINK 32 R-x\PDLN-n | IDENTIFY THE DATA LINK NAME
NAME CONSISTENT WITH THE MUX/MOD
GROUP FOR A PCM CHANNEL.
DATA PACKING 3 R-x\PDP-n HOW DATA IS PLACED IN THE PACKETS:

OPTION

UNPACKED - ‘UN’
PACKED WITH FRAME SYNC - ‘PFS’
THROUGHPUT MODE - ‘TM’
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
TYPE FORMAT 5 R-xX\PTF-n COMPRESSION TECHNIQUE FORDEO
RECORDED AS STANDARD CHAPTER 4
PCM. THE COMPRESSED DATA IS
ENCAPSULATED IN ISO STANDARD
TRANSPORT STREAM (TS) FRAMES. IF
TYPE FORMAT IS ‘*OTHER’, THEN A
VENDOR SPEC IS REQUIRED TO IDENTIF
THE DATA COMPRESSION TECHNIQUE.
SPECIFY ‘NONE' IF DATA IS NOT VIDEO
DATA.
‘NONE’
‘MPEGY’
‘MPEG2’
‘H261
‘WAVE'
‘OTHER’
BUS DATA TYPE ATTRIBUTES
DATA LINK 32 R-x\BDLN-n IDENTIFY THE DATA LINK NAME
NAME CONSISTENT WITH THE MUX/MOD
GROUP FOR A BUS CHANNEL.
ANALOG DATA TYPE ATTRIBUTES &m,!/
NUMBER OF 3 R-x\ACH\N-n | SPECIFY THE NUMBER OF ANALOG
ANALOG CHANNELS PER PACKET.
CHANNELS/PKT
DATA PACKING 3 R-x\ADP-n HOW DATA IS PLACED IN THE PACKETS:
OPTION PACKED - ‘YES’
UNPACKED - ‘NO’
SAMPLE RATE 7 R-x\ASR-n SAMPLE RATE OF THE FASTEST
CHANNEL(S) IN SAMPLES PER SECOND
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
MEASUREMENT 32 R-x\ IDENTIFY THE MEASUREMENT NAME
NAME AMN-n-m CONSISTENT WITH THE MUX/MOD
GROUP FOR AN ANALOG CHANNEL.
DATA LENGTH 2 R-x\ADL-n- | NUMBER OF BITS PER DATA WORD
m
BIT MASK 64 R-x\ BINARY STRING OF 1s AND 0s TO
AMSK-n-m | IDENTIFY THE BITS IN A WORD
LOCATION THAT ARE ASSIGNED TO THIS
MEASUREMENT. IF THE FULL
WORD IS USED FOR THIS
MEASUREMENT, ENTER - ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED
MEASUREMENT 1 R-x\ MOST SIGNIFICANT BIT FIRST - ‘M’
TRANSFER AMTO-n-m | LEAST SIGNIFICANT BIT FIRST - ‘L’
ORDER DEFAULT - ‘D’
SAMPLE FACTOR 2 R-x\ASF-n- | 1/(2*"N) TIMES THE FASTEST SAMPLE
m RATE (DEFINED ABOVE) GIVES THE
SAMPLE RATE FOR THIS CHANNEL.
SPECIFY THE VALUE ‘N’ IN THIS FIELD.
VALID VALUES ARE 0 TO 15

DISCRETE DATA TYPE ATTRIBUTES

-

DISCRETE MODE 4 R-x\ INDICATE THE MODE WHEREBY
DMOD-n DISCRETE EVENTS ARE PLACED IN THE
PACKETS:

‘EV’ — EVENT MODE

‘SAMP’ — SAMPLE MODE
SAMPLE RATE 7 R-x\DSR-n SAMPLE RATE IN SAMPLES PESECOND
NUMBER OF 3 R-x\ SPECIFY THE NUMBER OF DISCRETE
DISCRETE NDM\N-n MEASUREMENTS
MEASUREMENTS
MEASUREMENT 32 R-x\ IDENTIFY THE MEASUREMENT NAME
NAME DMN-n-m FOR ONE OR MORE DISCRETE BITS
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM

PARAMETER FIELD CODE DEFINITION
NAME
SIZE
BIT MASK 64 R-x\ BINARY STRING OF 1s AND 0s TO
DMSK-n- | IDENTIFY THE BITS IN A WORD
m LOCATION THAT ARE ASSIGNED TO THIS
MEASUREMENT. IF THE FULL WORD IS
USED FOR THIS MEASUREMENT, ENTER
‘FW'. LEFT-MOST BIT CORRESPONDS TO
FIRST BIT TRANSMITTED
MEASUREMENT 1 R-x\ MOST SIGNIFICANT BIT FIRST — ‘M’
TRANSFER ORDER DMTO-n- | LEAST SIGNIFICANT BIT FIRST - ‘L’
m DEFAULT - ‘D’
VIDEO DATA TYPE ATTRIBUTES &m,’/
VIDEO ENCODING 8 R-xX\WVED-n | DELAY INTRODUCED BY VIDEO
DELAY ENCODING HARDWARE IN
MILLISECONDS
TIME DATA TYPE ATTRIBUTES New
TIME FORMAT 1 R-x\ INDICATE THE FORMAT FOR THE IRIG
TIME:
TFMT-n IRIG-A- ‘A’ IRIG-B - ‘B’
IRIG-G - ‘G’ INTERNAL — ‘I’
NATIVE GPS TIME — ‘N’
UTC TIME FROM GPS - ‘U’
REFERENCE TRACK
NUMBER OF 1 R-xX\RT\N SPECIFY THE NUMBER OF REFERENCE
REFERENCE TRACKS
TRACKS
TRACK 2 R-x\RT1-n | STATE THE TRACK LOCATION OF THE
NUMBER REFERENCE SIGNAL
REFERENCE 6 R-x\RT2-n FREQUENCY OF REFERENCE SIGNAL, IN
FREQUENCY kHz

NOTE: THERE WILL BE ONE TAPE/STORAGE SOURCE ATTRIBUTES GRIP FOR EACH

TAPE OR STORAGE SOURCE.
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TABLE 9-3 (Cont'd). TAPE/STORAGE SOURCE ATTRIBUTE S GROUP (R)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
COMMENTS
COMMENTS 3200 R-x\COM PROVIDE THE ADDITIONAL
INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED

9.5.5 _Multiplex/Modulation (Mux/Mod) Attributes (M)The composite baseband waveform is
received from the receiver or tape reproducer eaats and is passed to the demultiplexer/
demodulator for further processing. Fig9r& summarizes the information that is required to
continue processing the data. The composite badelaveform may consist of any number of
signals, which are modulated directly onto the BFier including a baseband data signal, and
one or more subcarriers.

The baseband data signal may be PCM, pulse amplihodulation (PAM), or analog
data. The PCM and PAM data streams must be deiimeams of a data link name. This data
link name is unique for each system that contaiffierdnt data, has a different format, or has a
different data rate. The analog measurand is &jlgiconverted into engineering units
appropriate for the measurand. The measuremerg peowides the connection to the Data
Conversion Attributes Group (C).

Subcarriers, both standard and nonstandard, mpaef the baseband composite
waveform. These, in turn, may be modulated withMPEAM, or analog data. As with the
baseband data signal, these data channels musfihedd Tabl€-4 specifies the required
information for the data signal attributes.
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Multiplex/Modulation Attributes Group (M)

DATA
SOURCE ID

* COMPOSITE SIGNAL STRUCTURE

SIGNAL STRUCTURE TYPE

MODULATION SENSE

COMPOSITE LPF BANDWIDTH

*BASEBAND SIGNAL

BASEBAND SIGNAL TYPE

*LOW PASS FILTER

BANDWIDTH

TYPE

*BASEBAND DATA LINK TYPE

[ PCM OR PAM

OR | DATA LINK NAME

| *ANALOG

| MEASUREMENT NAME

*SUBCARRIERS

NUMBER OF SUBCARRIERS

*IRIG SUBCARRIERS

| NUMBER OF SCOs

| sco NUMBER

SCO #n DATATYPE

MODULATION SENSE

*LOW PASS FILTER

BANDWIDTH
TYPE
*DATA LINK TYPE
| *PCM OR PAM
OR [ DATA LINK NAME
| *ANALOG
MEASUREMENT
NAME
OTHER
REFERENCE CHANNEL
*COMMENTS
| COMMENTS

*Heading Only — No Data Entry

CODE
NAME

(M-X\ID)

(M-x\BB1)
(M-x\BB2)
(M-x\BB3)
(M-x\BSG1)
(M-x\BSF1)
(M-x\BSF2)
(M-x\BB\DLN)
(M-x\BB\MN)
(M-x\SCO\N)
(M-x\SI\N)
(M-x\SI1-n)
(M-x\SI2-n)
(M-x\SI3-n)
(M-x\SIF1-n)

(M-x\SIF2-n)

(M-X\S\DLN-n)

(M-x\SI\MN-n)

(M-x\S0)
(M-X\RC)

(M-X\COM)

REFERENCE
PAGE

(9-28)
(9-28)

(9-28)

(9-29)

(9-29)

(9-30)

(9-30)

(9-30)

(9-30)

Figure 9-5.

Multiplex/Modulation Attributes Groupj.

9-27




TABLE 9-4. MULTIPLEX/MODULATION GROUP (M)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
DATA SOURCE ID 32 M-x\ID | DATA SOURCE IDENTIFICATION
COMPOSITE SIGNAL STRUCTURE
SIGNAL 7 M-x\BB1 | SPECIFY THE COMPOSITE BASEBAND
STRUCTURE TYPE SIGNAL STRUCTURE:
‘PCM’ HYBRID:
‘PAM’ ‘ANA/SCO’
‘ANALOG’ ‘PAM/SCO’
‘SCO’s’ ‘PCM/SCO’
‘OTHER’
MODULATION 3 M-x\BB2 | SPECIFY THE MODULATION SENSE:
SENSE ‘POS’ — INDICATES THAT AN INCREASING
VOLTAGE RESULTS IN AN
INCREASE IN FREQUENCY.
‘NEG’ — INDICATES THAT A DECREASING
VOLTAGE RESULTS IN AN
INCREASE IN FREQUENCY
COMPOSITE LPF 6 M-x\BB3 | GIVE THE LOW PASS BANDWIDTH OF THE
BANDWIDTH COMPOSITE WAVEFORM (3 dB CUTOFF
FREQUENCY), IN kHz.
BASEBAND SIGNAL
BASEBAND 3 M-x\BSG1 | TYPE OF BASEBAND DATA:
SIGNAL TYPE ‘PCM’ ‘ANA’ (ANALOG)
‘PAM’ ‘OTH’ (OTHER)  ‘NON’ (NONE)
LOW PASS FILTER
BANDWIDTH 6 M-x\BSF1 | SPECIFY LOW PASS FILTER BANDWIDTH
(3 dB CUTOFF FREQUENCY), IN kHz.
TYPE 2 M-x\BSF2 | SPECIFY THE FILTER TYPE:

CONSTANT AMPLITUDE - ‘CA’
CONSTANT DELAY - ‘CD’
OTHER - ‘OT’, DEFINE IN THE
COMMENTS RECORD.
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TABLE 9-4 (Cont'd). MULTIPLEX/MODULATION GROUP (M )

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
BASEBAND DATA LINK TYPE
PCM OR PAM
DATA LINK 32 M-x\ SPECIFY THE DATA LINK NAME FOR PCM
NAME BB\DLN OR PAM DATA FORMAT.
ANALOG
MEASUREMENT 32 M-x\BB\MN | GIVE THE MEASURAND NAME.
NAME
SUBCARRIERS
NUMBER OF 2 M-x\SCO\N | SPECIFY THE NUMBER OF SUBCARRIERS
SUBCARRIERS ON THIS DATA LINK.
IRIG SUBCARRIERS
NUMBER OF SCOs 2 M-x\SI\N SPECIFY THE NUMBER OF IRIG
SUBCARRIERS.
SCO NUMBER 5 M-x\SI1-n GIVE THE IRIG CHANNEL NUMBER FOR
THE SUBCARRIER.
SCO #n 3 M-x\SI2-n SPECIFY THE TYPE OF DATA ON THE
DATA TYPE SUBCARRIER:
PCM - ‘PCM’ PAM - ‘PAM’
ANALOG - ‘ANA’ OTHER - ‘OTH’
MODULATION 3 M-x\SI3-n SPECIFY THE MODULATION SENSE:
SENSE ‘POS’ - INDICATES THAT AN

INCREASING VOLTAGE
RESULTS IN AN INCREASE
IN FREQUENCY

‘NEG' - INDICATES THAT A
DECREASING VOLTAGE
RESULTS IN AN INCREASE
IN FREQUENCY.
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TABLE 9-4 (Cont'd). MULTIPLEX/MODULATION GROUP (M )

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
LOW PASS FILTER
BANDWIDTH 6 M-x\ SPECIFY THE LOW PASS FILTER CUTOFF
SIF1-n FREQUENCY (3 dB), IN kHz.
TYPE 2 M-x\ SPECIFY THE FILTER TYPE:
SIF2-n CONSTANT AMPLITUDE - ‘CA’
CONSTANT DELAY - ‘CD’
OTHER - ‘OT’, DEFINE IN THE
COMMENTS RECORD.
DATA LINK TYPE
PCM OR PAM
DATA LINK 32 M-x\ SPECIFY THE DATA LINK NAME FOR PCM
NAME SN\DLN-n | AND PAM DATA FORMATS.
ANALOG
MEASUREMENT 32 M-x\ GIVE THE MEASURAND NAME.
NAME SI\MN-n

NOTE: REPEAT THE ABOVE FOR EACH IRIG SUBCARRIER ON TSICARRIER

OTHER 1 M-xX\SO ARE THERE NONSTANDARD
SUBCARRIERS? YES-'Y’ NO-'N’
DEFINE IN THE COMMENTS RECORD.

REFERENCE 6 M-xX\RC FREQUENCY OF REFERENCE CHANNEL IN

CHANNEL kHz, IF APPLICABLE

COMMENTS

COMMENTS 3200 M-xX\COM | PROVIDE THE ADDITIONAL INFORMATION

REQUESTED OR ANY OTHER
INFORMATION DESIRED.
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9.5.6 _Digital Data AttributesThe digital data attributes are separated imteet groups
containing PCM-related attribute information. THE&M Format Attributes Group (P) is
described in subparagraph 9.5.6.1. The PCM MeamneDescription Attributes, contained in
(D), are described in subparagraph 9.5.6.2. Salpaph 9.5.6.3 depicts the MIL-STD-1553 or
ARINC 429 Bus Data Attributes (B).

9.5.6.1 _PCM Format Attributes (PThe PCM Format Attributes Group contains the
information required to decommutate the PCM datsast. Operations of both class | and Il are
included. (Limited information is incorporated fdass Il operation.) Figure 9-6 presents the
flow and summary of the information required. Bngral, only standard methods of
synchronization have been included except for casese considerable application is already in
place. Inclusion should not be taken to meantti@honstandard approaches are better or
desired. Tabl®-5 contains the PCM Format Attributes. The grouprdsf and specifies the
frame format and the information necessary to pgha PCM decommutation. Refer to Chapter
4 for the definition of terms (such as major andieniframes and subframes) and word
numbering conventions.

. CODE REFERENCE
PCM Format Attributes Group (P) NAME PAGE
DATA LINK NAME (P-d\DLN) (9-34)
*INPUT DATA (9-34)
PCM CODE (P-d\D1)
BIT RATE (P-d\D2)
ENCRYPTED (P-d\D3)
POLARITY (P-d\D4)
AUTO-POLARITY CORRECTION (P-d\D5)
DATA DIRECTION (P-d\D6)
DATA RANDOMIZED (P-d\D7)
RANDOMIZER LENGTH (P-d\D8)
*FORMAT (9-35)
TYPE FORMAT (P-d\TF)
COMMON WORD LENGTH (P-d\F1)
WORD TRANSFER ORDER (P-d\F2)
PARITY (P-d\F3)
PARITY TRANSFER ORDER (P-d\F4)
*MINOR FRAME (9-35)
NUMBER OF MINOR FRAMES IN MAJOR
FRAME (P-d\MR\N)
NUMBER OF WORDS IN A MINOR FRAME (P-d\MF1)
NUMBER OF BITS IN A MINOR FRAME (P-d\MF2)
SYNC TYPE (P-d\MF3)
| *SYNCRONIZATION PATTERN (9-36)
LENGTH (P-d\MF4)
PATTERN (P-d\MF5)
*SYNCHRONIZATION CRITERIA (9-36)
[ IN SYNC CRITERIA (P-d\SYNC1)
[ SYNC PATTERN CRITERIA (P-d\SYNC2)
Continued on next page

Figure 9-6. PCM Format Attributes Group (P).
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*OUT OF SYNCHRONIZATION CRITERIA
NUMBER OF DISAGREES
SYNC PATTERN CRITERIA
*MINOR FRAME FORMAT DEFINITION
WORD NUMBER

NUMBER OF BITS IN WORD
*SUBFRAME SYNCHRONIZATION
NUMBER OF SUBFRAME ID COUNTERS
SUBFRAME ID COUNTER NAME
SUBFRAME SYNC TYPE

*ID COUNTER

SUBFRAME ID COUNTER LOCATION

ID COUNTER WORD LENGTH

ID COUNTER MSB STARTING BIT
LOCATION

ID COUNTER LENGTH

ID COUNTER TRANSFER ORDER

ID COUNTER INITIAL VALUE

INITIAL COUNT SUBFRAME NUMBER

ID COUNTER END VALUE

END COUNT SUBFRAME NUMBER

COUNT DIRECTION

* SUBFRAME DEFINITION

NUMBER OF SUBFRAMES

SUBFRAME NAME

SUPERCOM

LOCATION DEFINITION

SUBFRAME LOCATION

INTERVAL

SUBFRAME DEPTH

*ASYNCHRONOUS EMBEDDED FORMAT

NUMBER OF ASYNCHRONOUS EMBEDDED
FORMATS

DATA LINK NAME

SUPERCOM

LOCATION DEFINITION

LOCATION

INTERVAL

WORD LENGTH

MASK

*FORMAT CHANGE

*FRAME FORMAT IDENTIFIER

LOCATION

MASK

Continued on next page

(P-d\SYNC3)
(P-d\SYNC4)

(P-d\MFW1-n)
(P-d\MFW2-n)

(P-A\ISF\N)
(P-d\ISF1-n)
(P-d\ISF2-n)

(P-d\IDC1-n)
(P-d\IDC2-n)

(P-d\IDC3-n)

(P-d\IDC4-n)
(P-d\IDC5-n)
(P-d\IDC6-n)
(P-d\IDC7-n)
(P-d\IDC8-n)
(P-d\IDC9-n)
(P-d\IDC10-n)

(P-d\SF\N-n)
(P-d\SF1-n-m)
(P-d\SF2-n-m)
(P-d\SF3-n-m)
(P-d\SF4-n-m-w)
(P-d\SF5-n-m)

(P-d\SF6-n-m)

(P-d\AEF\N)

(P-d\AEF\DLN-n)
(P-d\AEF1-n)
(P-d\AEF2-n)
(P-d\AEF3-n-w)
(P-d\AEF4-n)
(P-d\AEF5-n-w)
(P-d\AEF6-n-w)

(P-d\FFI)
(P-d\FFI2)

(9-36)

(9-37)

(9-37)

(9-37)

(9-38)

(9-38)

(9-39)

(9-39)

(9-40)

(9-41)

Figure 9-6 (Cont'd). PCM Format Attributes Group.(P

9-32




| *MEASUREMENT LIST CHANGE

OR | NUMBER OF MEASUREMENT LISTS

FFI PATTERN

MEASUREMENT LIST NAME

*FORMAT STRUCTURE CHANGE

NUMBER OF FORMATS

FFI PATTERN

DATA LINK ID

*ALTERNATE TAG AND DATA

NUMBER OF TAGS

NUMBER OF BITS IN TAG

NUMBER OF BITS IN DATA WORD

FIRST TAG LOCATION

SEQUENCE

*ASYNCHRONOUS DATA MERGE FORMAT

NUMBER OF ASYNCHRONOUS DATA MERGE
FORMATS

DATA MERGE NAME

SUPERCOM

LOCATION DEFINITION

LOCATION

INTERVAL

DATA LENGTH

MSB LOCATION

PARITY

*COMMENTS

| COMMENTS

*Heading Only - No Data Entry

(P-d\MLC\N)
(P-d\MLC1-n)
(P-d\MLC2-n)

(P-d\FSC\N)
(P-d\FSC1-n)
(P-d\FSC2-n)

(P-d\ALT\N)
(P-0\ALT1)
(P-d\ALT2)
(P-d\ALT3)

(P-0\ALTA4)

(P-d\ADM\N)

(P-d\ADM\DMN-n)
(P-d\ADM1-n)

(P-d\ADM2-n)
(P-d\ADM3-n-w)
(P-d\ADM4-n)
(P-d\ADM5-n)
(P-d\ADM6-n)
(P-d\ADM7-n)

(P-d\COM)

(9-41)

(9-42)

(9-42)

(9-42)

(9-43)

(9-44)

Figure 9-6 (Cont'd). PCM Format Attributes Grou).(
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TABLE 9-5. PCM FORMAT ATTRIBUTES GROUP (P)

MAXIMUM CODE
PARAMETER FIELD SIZE NAME DEFINITION
DATA LINK NAME 32 P-d\DLN IDENTIFY THE DATA LINK NAME
CONSISTENT WITH THE MUX/MOD
GROUP.
INPUT DATA
PCM CODE 6 P-d\D1 DEFINE THE DATA FORMAT CODE:
‘NRZ-L’ ‘BIO-L ‘RNRZ-L’
‘NRZ-M"  ‘BIO-M’ ‘OTHER’
‘NRZ-S’ ‘BIO-S’
BIT RATE 9 P-d\D2 DATA RATE IN BITS PER SECOND.
SCIENTIFIC NOTATION MAY BE USED.
ENCRYPTED 1 P-d\D3 DATA IS ENCRYPTED - 'E’
DATA IS UNENCRYPTED - ‘U’
IF THE DATA IS ENCRYPTED,
PROVIDE DETAILS IN COMMENTS
RECORD.
POLARITY 1 P-d\D4 DATA POLARITY:
NORMAL — ‘N’ INVERTED - ‘I
AUTO-POLARITY 1 P-d\D5 IS AUTOMATIC POLARITY
CORRECTION CORRECTION TO BE USED?
YES -*Y’ NO - ‘N’
DATA DIRECTION 1 P-d\D6 TIME SEQUENCE OF DATA:
NORMAL - ‘N’ REVERSED - ‘R’
DATA 1 P-d\D7 YES -'Y’ NO - ‘N’
RANDOMIZED
RANDOMIZER 3 P-d\D8 SPECIFY THE RANDOMIZER LENGTH:
LENGTH STANDARD (15 BITS) — ‘STD’

OTHER - 'OTH’, DEFINE IN
COMMENTS RECORD
NOT APPLICABLE — ‘N/A’
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM CODE
PARAMETER FIELD SIZE NAME DEFINITION
FORMAT
TYPE FORMAT 4 P-d\TF TYPE OF PCM FORMAT:
CLASS | - 'ONFE’ CLASS Il - ‘TWO’
1553 BUS - ‘1553 BUS - ‘BUS’
ALTERNATE TAG AND DATA - ‘ALTD’
OTHER - ‘OTHR’, DESCRIBE IN
COMMENTS RECORD.
COMMON 2 P-d\F1 NUMBER OF BITS IN COMMON WORD
WORD LENGTH LENGTH
WORD 1 P-d\F2 DEFINE THE DEFAULT FOR THE FIRST
TRANSFER BIT TRANSFERRED IN NORMAL TIME
ORDER SEQUENCE:
MOST SIGNIFICANT BIT - ‘M’
LEAST SIGNIFICANT BIT - ‘L’
PARITY 2 P-d\F3 NORMAL WORD PARITY
EVEN - ‘EV’ ODD - ‘OD’
NONE - ‘NO’
PARITY 1 P-d\F4 PARITY BIT LOCATION
TRANSFER LEADS WORD - ‘L’
ORDER TRAILS WORD - ‘T’
MINOR FRAME
NUMBER OF 3 P-dWF\N | NUMBER OF MINOR FRAMES IN A
MINOR FRAMES MAJOR FRAME
IN MAJOR
FRAME
NUMBER OF 4 P-dMF1 | SPECIFY THE NUMBER OF WORDS IN A
WORDS IN A MINOR FRAME, AS DEFINED IN
MINOR FRAME PARAGRAPH 4.3.
NUMBER OF 5 P-d\MF2 NUMBER OF BITS IN A MINOR FRAME
BITSIN A INCLUDING MINOR FRAME
MINOR FRAME SYNCHRONIZATION PATTERN
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM CODE
PARAMETER FIELDSIZE | NAME DEFINITION
SYNC TYPE 3 P-dMF3 | DEFINE MINOR FRAME
SYNCHRONIZATION TYPE:
FIXED PATTERN - ‘FPT’
OTHER - ‘OTH’
SYNCHRONIZATION PATTERN
LENGTH 2 P-dMF4 | SPECIFY THE MINOR FRAME
SYNCHRONIZATION PATTERN LENGTH
IN NUMBER OF BITS.
PATTERN 33 P-dMF5 | DEFINE MINOR FRAME
SYNCHRONIZATION PATTERN IN BITS
(“1”s and “0”s) WITH THE LEFT MOST BIT
AS THE “FIRST BIT TRANSMITTED”
SYNCHRONIZATION CRITERIA
IN SYNC 2 P-d\SYNC1| THIS SPECIFIES THE DESIRED CRITERIA
CRITERIA FOR DECLARING THE SYSTEM TO BE IN
SYNC:
FIRST GOOD SYNC - 0
CHECK - NUMBER OF AGREES
(1 OR GREATER)
NOT SPECIFIED - ‘NS’
SYNC PATTERN 2 P-d\SYNC2| NUMBER OF BITS THAT MAY BE IN
CRITERIA ERROR IN THE SYNCHRONIZATION
PATTERN
OUT OF SYNCHRONIZATION CRITERIA
NUMBER OF 2 P-d\SYNC3| SPECIFIES THE DESIRED CRITERIA FOR
DISAGREES DECLARING THE SYSTEM OUT OF
SYNC:
NUMBER OF DISAGREES, (1 OR
GREATER)
NOT SPECIFIED - ‘NS’
SYNC PATTERN 2 P-d\SYNC4| NUMBER OF BITS THAT MAY BE IN

CRITERIA

ERROR IN THE SYNCHRONIZATION
PATTERN
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TABLE 9-5 (Cont'd).

PCM FORMAT ATTRIBUTES GROUP ( P)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

MINOR FRAME FORMAT DEFINITION

WORD NUMBER

4

P-d\MFW1-n

WORD POSITION #n IN A MINOFRAME,
OR FOR CLASS Il SYSTEMS, THE
POSITION IN THE DEFINED FRAME.
WORD POSITION 1 FOLLOWS THE
SYNCHRONIZATION PATTERN.

NUMBER OF BITS
IN WORD

P-d\MFW2-n

THE NUMBER OF BITS IN WORD
POSITION #n. IF DEFAULT VALUE, DO
NOT INCLUDE.

NOTE: THE ABOVE PAIR SET MUST BE DEFINED FOR ALL WORDS ™ HAVE A
LENGTH OTHER THAN THE COMMON WORD LENGTH. THEREFOR ALL WORD
POSITIONS NOT INCLUDED IN THE ABOVE WILL HAVE THE ©OMMON WORD LENGTH AS

A DEFAULT VALUE.
SUBFRAME SYNCHRONIZATION
NUMBER OF 2 P-d\ISF\N SPECIFY THE NUMBER OF SUBFRAME |0
SUBFRAME COUNTERS DEFINED WITHIN THE MINOR
ID COUNTERS FRAME.
SUBFRAME ID 32 P-d\SF1-n SPECIFY THE SUBFRAME ID COUNTER
COUNTER NAME NAME.
SUBFRAME 2 P-d\ISF2-n DEFINE THE SUBFRAME
SYNC SYNCHRONIZATION TYPE:
TYPE ID COUNTER - ‘ID’
OTHER - ‘OT" DEFINE IN COMMENTS.
ID COUNTER
SUBFRAME ID 4 P-d\IDC1-n IF ID COUNTER IS DESIGNATED AS THE
COUNTER SUBFRAME SYNC TYPE, GIVE THE
LOCATION MINOR FRAME WORD POSITION OF THE
COUNTER.
ID COUNTER 2 P-d\IDC2-n SPECIFY THE MINOR FRAME WORD
WORD LENGTH LENGTH OF THE WORD CONTAINING
THE ID COUNTER, NUMBER OF BITS.
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TABLE 9-5 (Cont'd).

PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
ID COUNTER 2 P-d\IDC3-n SPECIFY THE BIT LOCATION OF THE ID
MSB STARTING COUNTER MSB WITHIN THE WORD.
BIT LOCATION
ID COUNTER 2 P-d\IDC4-n SPECIFY THE SUBFRAME ID COUNTER
LENGTH LENGTH, NUMBER OF BITS.
ID COUNTER 1 P-d\IDC5-n SPECIFY WHETHER THE MOST OR LEAS
TRANSFER SIGNIFICANT BIT IS TRANSFERRED
ORDER FIRST:
MOST SIGNIFICANT - ‘M’
LEAST SIGNIFICANT - ‘L’
ID COUNTER 3 P-d\IDC6-n SPECIFY THE INITIAL VALUE OF THE ID
INITIAL VALUE COUNTER.
INITIAL COUNT 3 P-d\IDC7-n SPECIFY THE MINOR FRAME NUMBER
SUBFRAME ASSOCIATED WITH THE INITIAL COUNT
NUMBER VALUE.
ID COUNTER 3 P-d\IDC8-n SPECIFY THE END VALUE OF THE ID
END VALUE COUNTER.
END COUNT 3 P-d\IDC9-n SPECIFY THE MINOR FRAME NUMBER
SUBFRAME ASSOCIATED WITH
NUMBER THE END COUNT VALUE.
COUNT 3 P-d\ SPECIFY THE DIRECTION OF THE COUNT]
DIRECTION IDC10-n INCREMENT:
INCREASING - 'INC’
DECREASING - ‘DEC’
SUBFRAME DEFINITION
NUMBER OF 4 P-d\ SPECIFY THE NUMBER OF SUBFRAMES
SUBFRAMES SF\N-n ASSOCIATED WITH THE SUBFRAME ID
COUNTER NAMED ABOVE.
SUBFRAME 32 P-d\ SPECIFY THE SUBFRAME NAME.
NAME SF1-n-m
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
SUPERCOM 2 P-d\ IF NOT SUPERCOMMUTATED,
SF2-n-m ENTER - ‘NO’. OTHERWISE, ENTER THE
NUMBER OF WORD POSITIONS.
LOCATION 2 P-d\ IF SUPERCOMMUTATED, SPECIFY HOW THE
DEFINITION SF3-n-m WORD LOCATIONS ARE DEFINED:
FIRST WORD AND INTERVAL - ‘FI’
EVERY LOCATION - ‘EL”
NOT APPLICABLE - ‘NA’
SUBFRAME 4 P-d\ SPECIFY THE FIRST WORD WITHIN THE
LOCATION SF4-n-m-w | MINOR FRAME THAT CONTAINS THE
SUBFRAME IDENTIFIED. FOR THE CASE
WHEN EVERY WORD LOCATION IS
DEFINED, REPEAT THIS ENTRY FOR EACH
WORD POSITION APPLICABLE. FOR THE
FIRST WORD AND INTERVAL, INCLUDE
THE NEXT ENTRY TO DEFINE THE
INTERVAL.
INTERVAL 4 P-d\ SPECIFY THE INTERVAL TO BE USED TO
SF5-n-m DEFINE THE WORD LOCATIONS.
SUBFRAME 3 P-d\ SPECIFY THE SUBFRAME DEPTH. IF NO
DEPTH SF6-n-m ENTRY, THEN THE SUBFRAME ID COUNTER
DEPTH WILL BE USED AS THE DEFAULT
VALUE.

NOTE: REPEAT THE ABOVE FOR EACH SUBFRAME IN THE MINOR FRAE FORMAT.

ASYNCHRONOUS EMBEDDED FORMAT

NUMBER OF 1 P-d\AEF\N | SPECIFY THE NUMBER OF
ASYNCHRONOUS ASYNCHRONOUS EMBEDDED FORMATS:
EMBEDDED ONE - 'l TWO -2’ NONE - ‘0’
FORMATS

DATA LINK 32 P-d\AEF\ | PROVIDE THE DATA LINK NAME FOR THIS
NAME DLN-n ASYNCHRONOUS EMBEDDED FORMAT.

REPEAT NAME AND THE FOLLOWING
ENTRIES FOR THE SECOND FORMAT, AS
APPROPRIATE. (A SEPARATE DATA LINK
DEFINITION MUST BE PROVIDED FOR EACH
ASYNCHRONOUS EMBEDDED FORMAT.)
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

PARAMETER

MAXIMUM
FIELD SIZE

CODE
NAME

DEFINITION

SUPERCOM

3

P-d\AEF1-n

IF THE ASYNCHRONOUS FORMAT IS
NOT SUPERCOMMUTATED,
ENTER - ‘NO'. OTHERWISE, ENTER
THE NUMBER OF HOST MINOR
FRAME WORDS THAT ARE USED.

LOCATION
DEFINITION

P-d\AEF2-n

IF SUPERCOMMUTATED, SPECIFY
HOW THE WORD LOCATIONS ARE
DEFINED:

FIRST WORD AND INTERVAL - ‘FI’
EVERY LOCATION - ‘EL’
CONTIGUOUS WORDS - ‘CW’
NOT APPLICABLE - ‘NA’

LOCATION

P-d\AEF3-n-w

SPECIFY THE FIRST WORD WITH
THE MINOR FRAME THAT CONTAINS
THE ASYNCHRONOUS EMBEDDED
FORMAT IDENTIFIED. FOR THE
METHOD WHEN EVERY WORD
LOCATION IS DEFINED, REPEAT THIS
ENTRY FOR EACH WORD POSITION
APPLICABLE. FOR THE FIRST WORD
AND INTERVAL METHOD, INCLUDE
THE NEXT ENTRY TO DEFINE THE
INTERVAL.

INTERVAL

P-d\AEF4-n

SPECIFY THE INTERVAL TO BE WED
TO DEFINE THE ASYNCHRONOUS
EMBEDDED FORMAT LOCATIONS.

WORD LENGTH

P-d\AEF5-n-w

SPECIFY THE NUMBER OF
EMBEDDED BITS IN THIS HOST WORD
LOCATION.

MASK

64

P-d\AEF6-n-w

IF THE ASYNCHRONOUS PORTION O
THE WORD IS SHORTER THAN THE
WORD LENGTH, THEN PROVIDE THE
BINARY MASK REQUIRED TO
INDICATE WHICH BITS ARE USED (1s
USED, 0s NOT USED). LEFT-MOST BIT
CORRESPONDS TO FIRST BIT
TRANSMITTED.
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM CODE
PARAMETER FIELD SIZE NAME DEFINITION

FORMAT CHANGE

FRAME FORMAT IDENTIFIER

LOCATION 4 P-d\FFI1 SPECIFY THE POSITION IN THE
MINOR FRAME THAT CONTAINS THE
FRAME FORMAT IDENTIFICATION
(FFI) WORD. IF MORE THAN ONE
WORD LOCATION, PROVIDE THE
DETAILS IN THE COMMENTS
RECORD.

MASK 64 P-d\FFI2 IF THE FFI IS SHORTER THAN THE
WORD LENGTH, THEN PROVIDE THE
BINARY MASK REQUIRED TO
INDICATE WHICH BITS ARE USED.
LEFTMOST BIT CORRESPONDS TO
FIRST BIT TRANSMITTED.

MEASUREMENT LIST CHANGE

NUMBER OF 2 P-d\MLC\N SPECIFY THE NUMBER OF

MEASUREMENT MEASUREMENT LISTS THAT ARE

LISTS REQUIRED TO BE SELECTED. IF
NONE, ENTER ‘NO’. OTHERWISE,
ENTER THE NUMBER, n.

FFI PATTERN 16 P-d\MLC1-n SPECIFY THE FFI PATTERNHAT
CORRESPONDS TO THE
MEASUREMENT LIST (1s and 0s). THIS
ENTRY AND THE NEXT ARE AN
ORDERED PAIR.

MEASUREMENT 32 P-d\MLC2-n SPECIFY THE MEASUREMENT LIST

LIST NAME NAME.
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE

FORMAT STRUCTURE CHANGE

NUMBER OF 2 P-d\FSC\N SPECIFY THE NUMBER OF FORMATS

FORMATS THAT ARE TO BE DEFINED.

FFI PATTERN 16 P-d\FSC1-n SPECIFY THE FFI PATTERNAT
CORRESPONDS TO THE FORMAT THAT
IS DEFINED. THIS ENTRY AND THE
NEXT ARE AN ORDERED PAIR.

DATA LINK ID 32 P-d\FSC2-n| IDENTIFY THE FORMAT THAT
CORRESPONDS TO THIS FFI CODE.

ALTERNATE TAG AND DATA

NUMBER OF TAGS 3 P-d\ALT\N| SPECIFY THE NUMBER OF PARAMETER
INCLUDED WITHIN THIS CATEGORY,
THAT IS, THE NUMBER OF TAGS.

NUMBER OF BITS IN 2 P-d\ALT1 | SPECIFY THE NUMBER OF BITS THAT

TAG ARE IN THIS TAG.

NUMBER OF BITS IN 2 P-d\ALT2 | SPECIFY THE NUMBER OF BITS THAT

DATA WORD ARE IN THE COMMON DATA WORD.

FIRST TAG 2 P-d\ALT3 | IDENTIFY THE LOCATION OF THE

LOCATION START OF THE FIRST TAG LOCATION IN
TERMS OF BITS, WITH THE FIRST BIT
POSITION AFTER THE SYNCHRONIZATION
PATTERN BEING NUMBER 1.

SEQUENCE 1 P-d\ALT4 | IF THE TAG/DATA WORD SEQUENCE |
TAG, THEN DATA ENTER ‘N’ FOR
NORMAL. IF THE DATA PRECEDES THE
TAG, ENTER ‘R’ FOR REVERSED.

ASYNCHRONOUS DATA MERGE FORMAT

NUMBER OF 1 P-d\ SPECIFY THE NUMBER OF

ASYNCHRONOUS ADM\N ASYNCHRONOUS DATA MERGE

DATA MERGE FORMATS.

FORMATS
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

DATA MERGE
NAME

32

P-d\ADM\
DMN-n

PROVIDE THE DATA MERGE NAME
FOR THIS ASYNCHRONOUS DATA
MERGE FORMAT. THIS CAN BE USED
TO IDENTIFY THE SOURCE OF THE
DATA MERGE FORMAT, AS
APPROPRIATE. (USE THE COMMENTS
FIELD TO DESCRIBE THIS DATA
SOURCE FOR THE ASYNCHRONOUS
DATA MERGE FORMAT.)

SUPERCOM

P-d\ADM1-n

IF THE ASYNCHRONOUS DATA
MERGE FORMAT IS NOT SUPER-
COMMUTATED, ENTER - ‘NO'.
OTHERWISE, ENTER THE NUMBER OHR
HOST MINOR FRAME WORDS THAT
ARE USED.

LOCATION
DEFINITION

P-d\ADM2-n

IF SUPERCOMMUTATED, SPECIFY
HOW THE WORD LOCATIONS ARE
DEFINED:
FIRST WORD AND INTERVAL - ‘FI’
EVERY LOCATION - ‘EL’
CONTIGUOUS WORDS - ‘CW
NOT APPLICABLE - ‘NA’

LOCATION

P-d\
ADM3-n-w

SPECIFY THE FIRST WORD WITHIN
THE MINOR FRAME THAT CONTAINS
THE ASYNCHRONOUS DATA MERGE
FORMAT IDENTIFIED. FOR THE
METHOD WHEN EVERY WORD
LOCATION IS DEFINED, REPEAT THIS
ENTRY FOR EACH WORD POSITION
APPLICABLE. FOR THE FIRST WORD
AND INTERVAL METHOD, INCLUDE
THE NEXT ENTRY TO DEFINE THE
INTERVAL.

INTERVAL

P-d\ADM4-n

SPECIFY THE INTERVAL TO BE UBD
TO DEFINE THE ASYNCHRONOUS
DATA MERGE FORMAT LOCATIONS.

DATA LENGTH

P-d\ADM5-n

SPECIFY THE NUMBER OF DATBITS
USED IN THIS DATA MERGE FORMAT.
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TABLE 9-5 (Cont'd). PCM FORMAT ATTRIBUTES GROUP ( P)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
MSB LOCATION 2 P-d\ADM6-n| PROVIDE THE MOST SIGNIFKENT BIT
(MSB) POSITION WITHIN THE HOST
MINOR FRAME LOCATION.
PARITY 2 P-d\ADM7-n | IF USED, SPECIFY THE PARITY
INFORMATION:
EVEN - ‘EV’ ODD - ‘OD’
NONE - ‘NO’
COMMENTS
COMMENTS 6400 P-d\COM PROVIDE THE ADDITIONAL

INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED.

9.5.6.2 _PCM Measurement Description Group (Bigure9-7 and Table€d-6 contain the PCM

Measurement Descriptions. The descriptions defawh measurand or data item of interest
within the frame format specified in the PCM atiiiés. Table 9-6 includes the measurement
name, which links the measurement to the Data GsioreAttributes Group.
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PCM Measurement Description Group (D

CODE

REFERENCE
PAGE

(9-47)

(9-47)

(9-48)

(9-48)

(9-48)

(9-48)

(9-49)

(9-49)

(9-49)

(9-50)

(9-50)

(9-51)

NAME
DATA LINK (OADLN)
NUMBER OF MEASUREMENT LISTS (D-X\MLN)
MEASUREMENT LIST NAME (D-X\MLN-y)
NUMBER OF MEASURANDS (D-X\MN\N-y)
MEASUREMENT NAME (D-X\MN-y-n)
PARITY (D-X\MN1-y-n)
PARITY TRANSFER ORDER (D-X\MN2-y-n)
MEASUREMENT TRANSFER ORDER (D-X\MN3-y-n)
*MEASUREMENT LOCATION
MEASUREMENT LOCATION TYPE (D-X\LT-y-n)
*MINOR FRAME
MINOR FRAME LOCATION (D-X\MF-y-n)
BIT MASK (D-X\MFM-y-n)
*MINOR FRAME SUPERCOMMUTATED
on | LomSER OF MRORFRAVE (oS
LOCATION DEFINITION (D-X\MFS1-y-n)
“INTERVAL
OR | LOCATION IN MINOR FRAME (D-X\MFS2-y-n)
BIT MASK (D-X\MFS3-y-n)
INTERVAL (D-X\MFS4-y-n)
*EVERY LOCATION
MINOR FRAME LOCATION (D-X\MFSW-y-n-e)
BIT MASK (D-X\MFSM-y-n-e)
*MINOR FRAME FRAGMENTED
OR | NUMBER OF FRAGMENTS (D-X\FMF\N-y-n)
MEASUREMENT WORD LENGTH (D-X\FMF1-y-n)
LOCATION DEFINITION (D-X\FMF2-y-n)
*INTERVAL
OR | LOCATION IN MINOR FRAME (D-X\FMF3-y-n)
BIT MASK (D-X\FMF4-y-n)
INTERVAL (D-X\FMF5-y-n)
*EVERY LOCATION
MINOR FRAME LOCATION (D-X\FMF6-y-n-e)
BIT MASK (D-X\FMF7-y-n-g)
FRAGMENT TRANSFER ORDER  (D-X\FMF8-y-n-e)
FRAGMENT POSITION (D-X\FMF9-y-n-e)
* SUBFRAME
OR SUBFRAME NAME (D-X\SF1-y-n)
LOCATION IN SUBFRAME (D-X\SF2-y-n)
BIT MASK (D-X\SFM-y-n)
Continued on next page
Figure 9-7.  PCM Measurement Description Group (D).
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*SUBFRAME SUPERCOMMUTATED

OR SUBFRAME NAME

NUMBER OF SUBFRAME LOCATIONS

LOCATION DEFINITION

*INTERVAL

OR

LOCATION IN SUBFRAME

BIT MASK

INTERVAL

*EVERY LOCATION

SUBFRAME LOCATION

BIT MASK

*SUBFRAME FRAGMENTED

OR NUMBER OF FRAGMENTS

MEASUREMENT WORD LENGTH

NUMBER OF SUBFRAMES

SUBFRAME NAME

LOCATION DEFINITION

*INTERVAL

OR

LOCATION IN SUBFRAME

BIT MASK

INTERVAL

*EVERY LOCATION

SUBFRAME LOCATION

BIT MASK

FRAGMENT TRANSFER ORDER

FRAGMENT POSITION

*WORD AND FRAME

NUMBER OF MEASUREMENT
LOCATIONS

NUMBER OF FRAGMENTS

MEASUREMENT WORD LENGTH

WORD POSITION

WORD INTERVAL

FRAME POSITION

FRAME INTERVAL

BIT MASK

FRAGMENT TRANSFER ORDER

FRAGMENT POSITION

*COMMENTS

| COMMENTS

*Heading Only - No Data Entry

(D-X\SFS1-y-n)
(D-xX\SFS\N-y-n)
(D-x\SFS2-y-n)

(D-X\SFS3-y-n)
(D-x\SFS4-y-n)
(D-x\SFS5-y-n)

(D-X\SFS6-y-n-e)
(D-xX\SFS7-y-n-e)

(D-X\FSF\N-y-n)
(D-xX\FSF1-y-n)
(D-X\FSF2\N-y-n)
(D-X\FSF3-y-n-m)
(D-x\FSF4-y-n-m)

(D-xX\FSF5-y-n-m)
(D-X\FSF6-y-n-m)
(D-xX\FSF7-y-n-m)

(D-x\FSF8-y-n-m-e)

(D-x\FSF9-y-n-m-e)
(D-X\FSF10-y-n-m-e)
(D-x\FSF11-y-n-m-e)

(D-x\MML\N-y-n)
(D-X\MNF\N-y-n-m)
(D-X\MWL-y-n-m)
(D-X\WP-y-n-m-e)

(D-x\WI-y-n-m-e)
(D-X\FP-y-n-m-e)

(D-x\Fl-y-n-m-e)

(D-X\WFM-y-n-m-e)

(D-X\WFT-y-n-m-e)
(D-X\WFP-y-n-m-e)

(D-X\COM)

(9-51)

(9-51)

(9-52)

(9-52)

(9-53)

(9-53)

(9-54)

(9-55)

Figure 9-7 (Cont'd).
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TABLE 9-6. PCM MEASUREMENT DESCRIPTION GROUP (D)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
DATA LINK NAME 32 D-x\DLN PROVIDE THE DATA LINK NAM E.
NUMBER OF 2 D-x\ML\N SPECIFY THE NUMBER OF
MEASUREMENT MEASUREMENT LISTS TO BE
LISTS PROVIDED.
MEASUREMENT 32 D-xX\MLN-y PROVIDE THE MEASUREMENT LIST
LIST NAME NAME ASSOCIATED WITH THE
FOLLOWING ATTRIBUTES. THE
FOLLOWING INFORMATION WILL
HAVE TO BE REPEATED FOR EACH
MEASUREMENT LIST IDENTIFIED IN
THE PCM FORMAT ATTRIBUTES
GROUP.
NUMBER OF 4 D-xX\MN\N-y | SPECIFY THE NUMBER OF
MEASURANDS MEASURANDS INCLUDED WITHIN
THIS MEASUREMENT LIST.
MEASUREMENT 32 D-x\MN-y-n MEASURAND NAME.
NAME
PARITY 2 D-xX\MN1-y-n | SPECIFY PARITY:
EVEN- ‘EV’; ODD - ‘OD’; NONE - ‘NO’
DEFAULT TO MINOR FRAME
DEFINITION - ‘DE’
PARITY TRANSFER 1 D-xX\MN2-y-n | PARITY BIT LOCATION:
ORDER LEADS WORD - ‘L’
TRAILS WORD - ‘T’
MINOR FRAME DEFAULT - ‘D’
MEASUREMENT 1 D-xX\MN3-y-n | MOST SIGNIFICANT BIT FIRST - M’

TRANSFER ORDER

LEAST SIGNIFICANT BIT FIRST - ‘L’
DEFAULT - ‘D’
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
MEASUREMENT LOCATION
MEASUREMENT 4 D-x\LT-y-n SPECIFY THE NATURE OF THE LOCATION
LOCATION OF THIS MEASURAND.
TYPE MINOR FRAME - ‘MF’
MINOR FRAME SUPERCOMMUTATED —
‘MFSC’
MINOR FRAME FRAGMENTED - ‘MFFR’
SUBFRAME - ‘'SF’
SUBFRAME SUPERCOMMUTATED -
‘SFSC’
SUBFRAME FRAGMENTED —‘SFFR’
WORD AND FRAME — ‘WDFR’
MINOR FRAME
MINOR FRAME 4 D-xX\MF-y-n | THE MINOR FRAME WORD POSITION OF
LOCATION THE MEASUREMENT.
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO
MFEM-y-n IDENTIFY THE BITS IN A WORD LOCATION
THAT ARE ASSIGNED TO THIS
MEASUREMENT. IF THE FULL WORD IS
USED FOR THIS MEASUREMENT, ENTER -
‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.

MINOR FRAME SUPERCOMMUTATED

NUMBER OF 4 D-x\ NUMBER OF WORD POSITIONS THAT THE
MINOR FRAME MFS\N-y-n SUPERCOMMUTATED CHANNEL
LOCATIONS OCCUPIES, N.

LOCATION 1 D-x\ TO SPECIFY: INTERVAL, ENTER - ‘I’
DEFINITION MFS1-y-n EVERY WORD LOCATION, ENTER - ‘E’
INTERVAL

LOCATION IN 4 D-x\ SPECIFY THE FIRST WORD LOCATION IN
MINOR FRAME MFS2-y-n THE MINOR FRAME.
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO
MFS3-y-n IDENTIFY THE BITS IN A WORD
LOCATION THAT ARE ASSIGNED TO
THIS SUPERCOMMUTATED
MEASUREMENT. IF THE FULL WORD IS
USED FOR THIS MEASUREMENT, ENTER
- ‘FW'. LEFT-MOST BIT CORRESPONDS
TO FIRST BIT TRANSMITTED.
INTERVAL 3 D-x\ SPECIFY THE INTERVAL COUNT THAT
MFS4-y-n IS THE OFFSET FROM THE FIRST WORD
LOCATION AND EACH SUBSEQUENT
LOCATION.
EVERY LOCATION
MINOR FRAME 4 D-x\ ENTER THE MINOR FRAME WORD
LOCATION MFSW-y-n-e | POSITION OF THE MEASUREMENT.
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO
MFSM-y-n-e | IDENTIFY THE BITS IN A WORD

LOCATION THAT ARE ASSIGNED TO
THIS SUPERCOMMUTATED
MEASUREMENT. IF THE FULL WORD IS
USED FOR THE MEASUREMENT, ENTER
- ‘FW'. LEFT-MOST BIT CORRESPONDS
TO FIRST BIT TRANSMITTED.

NOTE: ENTER THE MINOR FRAME LOCATION AND BIT MASK FOR EAE OF THE WORD
POSITIONS THAT THE SUPERCOMMUTATED CHANNEL OCCUPIE@N) LOCATIONS.

MINOR FRAME FRAGMENTED

NUMBER OF 1 D-x\ NUMBER OF MINOR FRAME WORD

FRAGMENTS FMF\N-y-n POSITIONS THAT THE FRAGMENTED
CHANNEL OCCUPIES, N.

MEASUREMENT 3 D-x\ TOTAL LENGTH OF THE

WORD LENGTH FMF1-y-n RECONSTRUCTED BINARY DATA WORD
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
LOCATION 1 D-x\ TO SPECIFY:
DEFINITION FMF2-y-n INTERVAL, ENTER - ‘I’
EVERY WORD LOCATION, ENTER - ‘E’
INTERVAL
LOCATION IN 4 D-x\ SPECIFY THE FIRST WORD POSITION
MINOR FRAME FMF3-y-n THAT THE FRAGMENTED WORD
OCCUPIES IN THE MINOR FRAME.
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO
FMF4-y-n IDENTIFY THE BITS IN A WORD POSITION
THAT ARE ASSIGNED TO THIS
FRAGMENTED CHANNEL. IF THE FULL
WORD IS USED FOR THIS
MEASUREMENT, ENTER ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.
INTERVAL 4 D-x\ SPECIFY THE INTERVAL THAT IS THE
FMF5-y-n OFFSET FROM THE FIRST WORD
LOCATION AND EACH SUBSEQUENT
LOCATION.
EVERY LOCATION
MINOR FRAME 4 D-x\ ENTER THE MINOR FRAME WORD
LOCATION FMF6-y-n-e POSITION OF THE MEASUREMENT.
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO
FMF7-y-n-e IDENTIFY THE BITS IN A WORD POSITION
THAT ARE ASSIGNED TO THIS
FRAGMENTED MEASUREMENT. IF THE
FULL WORD IS USED FOR THIS
MEASUREMENT, ENTER - ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.
FRAGMENT 1 D-x\ MOST SIGNIFICANT BIT FIRST - ‘M’
TRANSFER FMF8-y-n-e LEAST SIGNIFICANT BIT FIRST - ‘L’
ORDER DEFAULT - ‘D’
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM CODE
PARAMETER FIELD SIZE NAME DEFINITION
FRAGMENT 1 D-x\FMF9- ANUMBER FROM 1 TO N
POSITION y-n-e SPECIFYING THE POSITION OF THIS

FRAGMENT WITHIN THE
RECONSTRUCTED BINARY DATA WORD.
(1 CORRESPONDS TO THE MOST
SIGNIFICANT FRAGMENT.)

NOTE: ENTER THE MINOR FRAME LOCATION AND BIT MASK FOR EAEl OF THE WORD
POSITIONS THAT THE FRAGMENTED CHANNEL OCCUPIES, (MOCATIONS.

SUBFRAME

SUBFRAME 32 D-x\SF1-y-n ENTER THE SUBFRAME NAME.

NAME

LOCATION IN 3 D-x\SF2-y-n SPECIFY THE WORD NUMBER IN THE
SUBFRAME SUBFRAME.

BIT MASK 64 D-x\SFM-y-n | BINARY STRING OF 1s AND 0O

IDENTIFY THE BITS IN A WORD LOCATION
THAT ARE ASSIGNED TO THIS
MEASUREMENT. IF THE FULL WORD IS
USED FOR THE MEASUREMENT, ENTER -
‘FW’. LEFT-MOST BIT CORRESPONDS TO
FIRST BIT TRANSMITTED.

SUBFRAME SUPERCOMMUTATED

SUBFRAME 32 D-x\ ENTER THE SUBFRAME NAME.
NAME SFS1-y-n
NUMBER OF 3 D-x\ NUMBER OF SUBFRAME WORD POSITIONS
SUBFRAME SFS\N-y-n THAT THE SUPERCOMMUTATED
LOCATIONS CHANNEL OCCUPIES.
LOCATION 1 D-x\ TO SPECIFY:
DEFINITION SFS2-y-n INTERVAL , ENTER - ‘I’

EVERY WORD LOCATION, ENTER - ‘E’
INTERVAL
LOCATION IN 3 D-x\ SPECIFY THE FIRST WORD POSITION THA
SUBFRAME SFS3-y-n THE SUPERCOMMUTATED WORD

OCCUPIES IN THE SUBFRAME.
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
BIT MASK 64 D-x\ BINARY STRING OF 1s AND 0s TO IDENTIFY
SFS4-y-n | THE BIT LOCATIONS IN A WORD POSITION
THAT ARE ASSIGNED TO THIS SUPER-
COMMUTATED CHANNEL. IF THE FULL
WORD IS USED FOR THIS MEASUREMENT,
ENTER - ‘FW'. LEFT-MOST BIT
CORRESPONDS TO FIRST BIT TRANSMITTED,
INTERVAL 3 D-x\ SPECIFY THE INTERVAL THAT IS THE
SFS5-y-n | OFFSET FROM THE FIRST WORD LOCATION
AND EACH SUBSEQUENT LOCATION.
EVERY LOCATION
SUBFRAME 3 D-x\SFS6-| ENTER THE SUBFRAME WORD POSITION OF
LOCATION y-n-e THE MEASUREMENT.
BIT MASK 64 D-x\SFS7-| BINARY STRING OF 1s AND 0s TO IDENTIFY
y-n-e THE BIT LOCATIONS IN A WORD POSITION
THAT ARE ASSIGNED TO THIS SUPER-
COMMUTATED MEASUREMENT. IF THE
FULL WORD IS USED FOR THIS
MEASUREMENT, ENTER ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.

NOTE: ENTER THE SUBFRAME LOCATION AND BIT MASK FOR EACH © THE WORD
POSITIONS THAT THE SUPERCOMMUTATED CHANNEL OCCUPIE@N) LOCATIONS.

SUBFRAME FRAGMENTED

NUMBER OF 1 D-x\FSF\ | NUMBER OF SUBFRAME WORD POSITIONS

FRAGMENTS N-y-n THAT THE FRAGMENTED CHANNEL
OCCUPIES, N.

MEASUREMENT 3 D-x\FSF1-| TOTAL LENGTH OF THE RECONSTRUCTED

WORD LENGTH y-n BINARY DATA WORD

NUMBER OF 1 D-x\FSF2\| NUMBER OF SUBFRAMES

SUBFRAMES N-y-n CONTAINING THE FRAGMENTS

SUBFRAME 32 D-x\FSF3-| ENTER THE SUBFRAME NAME.

NAME y-n-m
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
LOCATION 1 D-x\FSF4- | TO SPECIFY:
DEFINITION y-n-m INTERVAL, ENTER - ‘I’
EVERY WORD LOCATION, ENTER - ‘E’
INTERVAL
LOCATION IN 3 D-x\FSF5- | SPECIFY THE FIRST WORD POSITION THA
SUBFRAME y-n-m THE FRAGMENTED WORD OCCUPIES IN
THE SUBFRAME.
BIT MASK 64 D-x\FSF6- | BINARY STRING OF 1s AND 0s TO
y-n-m IDENTIFY THE BIT LOCATIONS IN A WORD
POSITION THAT ARE ASSIGNED TO THIS
FRAGMENTED CHANNEL. IF THE FULL
WORD IS USED FOR THIS MEASUREMENT,
ENTER - ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.
INTERVAL 3 D-xX\FSF7- | SPECIFY THE INTERVAL THAT IS THE
y-n-m OFFSET FROM THE FIRST WORD
LOCATION AND EACH SUBSEQUENT
LOCATION.
EVERY LOCATION
SUBFRAME 3 D-x\FSF8- | ENTER THE SUBFRAME WORD POSITION
LOCATION y-n-m-e OF THE MEASUREMENT.
BIT MASK 64 D-xX\FSF9- | BINARY STRING OF 1s AND 0s TO
y-n-m-e IDENTIFY THE BIT LOCATIONS IN A WORD
POSITION THAT IS ASSIGNED TO THIS
FRAGMENTED MEASUREMENT. IF THE
FULL WORD IS USED FOR THIS
MEASUREMENT, ENTER ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.
FRAGMENT 1 D-xX\FSF10-| MOST SIGNIFICANT BIT FIRST - ‘M’
TRANSFER y-n-m-e LEAST SIGNIFICANT BIT FIRST - ‘L’
ORDER DEFAULT - ‘D’
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TABLE 9-6 (Contd).

PCM MEASUREMENT DESCRIPTION G ROUP (D)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
FRAGMENT 1 D-x\FSF11- A NUMBER FROM 1 TO N SPECIFYING THE
POSITION y-n-m-e POSITION OF THIS FRAGMENT WITHIN

THE RECONSTRUCTED BINARY DATA
WORD. (1 CORRESPONDS TO THE MOST
SIGNIFICANT FRAGMENT.)

NOTE: ENTER THE SUBFRAME LOCATION AND BIT MASK FOR EACH B THE WORD
POSITIONS THAT THE FRAGMENTED CHANNEL OCCUPIES, (MPOCATIONS.

NOTE: REPEAT THE ABOVE ENTRIES, AS APPROPRIATE FOR EAGWBFRAME THAT
CONTAINS THE COMPONENTS OF THE FRAGMENTED WORD.

WORD AND FRAME

NUMBER OF 4 D-x\ SPECIFY THE NUMBER OF LOCATIONS

MEASUREMENT MML\N-y-n TO BE DEFINED FOR THIS

LOCATIONS MEASUREMENT.

NUMBER OF 1 D-x\ NUMBER OF WORD POSITIONS THAT

FRAGMENTS MNF\N-y-n-m | EACH FRAGMENTED MEASUREMENT
LOCATION OCCUPIES, N. ENTER “1" IF
THIS MEASUREMENT IS NOT
FRAGMENTED.

MEASUREMENT 3 D-x\ TOTAL LENGTH OF THE RECON-

WORD LENGTH MWL-y-n-m STRUCTED BINARY DATA WORD

WORD 4 D-x\ SPECIFY THE MINOR FRAME WORD

POSITION WP-y-n-m-e POSITION OF THIS MEASUREMENT
LOCATION OR FRAGMENT.

WORD 4 D-x\ SPECIFY THE INTERVAL THAT IS THE

INTERVAL WI-y-n-m-e OFFSET FROM THE FIRST WORD
POSITION AND EACH SUBSEQUENT
WORD POSITION. AN INTERVAL OF
ZERO INDICATES THAT THERE IS ONLY
ONE WORD POSITION BEING DEFINED.
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TABLE 9-6 (Cont'd).

PCM MEASUREMENT DESCRIPTION GROUP (D)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE

FRAME 3 D-x\ SPECIFY THE FRAME LOCATION OF THIS

POSITION FP-y-n-m-e | MEASUREMENT LOCATION OR FRAGMENT.

FRAME 3 D-x\ SPECIFY THE INTERVAL THAT IS THE

INTERVAL Fl-y-n-m-e OFFSET FROM THE FIRST FRAME
LOCATION AND EACH SUBSEQUENT
FRAME LOCATION. AN INTERVAL OF ZERO
INDICATES THAT THERE IS ONLY ONE
FRAME LOCATION BEING DEFINED.

BIT MASK 64 D-x\\WFM- BINARY STRING OF 1S AND 0S TO IDENTIFY

y-n-m-e THE BIT LOCATIONS USED IN EACH

MEASUREMENT LOCATION OR FRAGMENT.
IF THE FULL WORD IS USED, ENTER ‘FW'.
LEFT-MOST BIT CORRESPONDS TO FIRST
BIT TRANSMITTED.

FRAGMENT 1 D-X\WFT- MOST SIGNIFICANT BIT FIRST — ‘M’

TRANSFER y-n-m-e LEAST SIGNIFICANT BIT FIRST — ‘L’

ORDER DEFAULT - ‘D’

FRAGMENT 1 D-x\\WFP- A NUMBER FROM 1 TO N SPECIFYING THE

POSITION y-n-m-e POSITION OF THIS FRAGMENT WITHIN THE
RECONSTRUCTED BINARY DATA WORD. (1
CORRESPONDS TO MOST SIGNIFICANT
FRAGMENT.)

NOTE: MEASUREMENT WORD LENGTH, FRAGMENT TRANSFER ORDEAND FRAGMENT
POSITION ATTRIBUTES DO NOT APPLY WHEN THE “NUMBER BFRAGMENTS”

ATTRIBUTE FOR A MEASUREMENT IS 1.

COMMENTS

COMMENTS

3200

D-xX\COM

PROVIDE THE ADDITIONAL INFORMTION
REQUESTED OR ANY OTHER INFORMATION
DESIRED.
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TABLE 9-6 (Cont'd). PCM MEASUREMENT DESCRIPTION GROUP (D)

NOTE: THIS GROUP WILL CONTAIN A REPETITION OF THE ABOVENFORMATION UNTIL EACH
MEASUREMENT HAS BEEN DEFINED. ANY WORD POSITION NDINCLUDED WILL BE TREATED
AS A SPARE CHANNEL OR A “DON'T CARE” CHANNEL. INF&RMATION WILL NOT BE PROCESSED
FOR THESE “SPARE” CHANNELS. NOTE THAT MEASUREMENIST CHANGES AND FORMAT
CHANGES THAT ARE A PART OF CLASS Il SYSTEMS ARE IN@DED IN THE ABOVE, SINCE THE
KEY TO THE MEASUREMENT DEFINITION IS THE DATA LINKNAME (FORMAT) AND THE
MEASUREMENT LIST.

9.5.6.3 _Bus Data Attributes YBFigure9-8 and Table-7 describe bus-originated data formats.
The Bus Data Attributes Group defines the attripata MIL-STD-1553 data acquisition
system that is compliant with Chapter 8 or an ARIMNID data acquisition system that is
consistent with the Aeronautical Radio Inc. speatiion of ARINC 429 bus data. The primary
components of this group are the recording desorind message content definition. The
former defines the method by which the data weterded on the tape such as track spread
versus composite. The latter consists of the ngesskentification information and the
measurement description set. The message idaetitiicinformation defines the contents of the
control word that identifies each bus message. méasurement description set describes the
measurement attributes and contains the measurerera that links the measurand to the Data
Conversion Attributes Group (C).

Mode codes are described in the message idetitficemformation. If the Subterminal
Address (STA) field contains 00000 or 11111, tHerimation in the Data Word Count/Mode
Code field is a mode code and identifies the funmctif the mode code. If the mode code has
associated data words, they are described in¢httos of the attributes. If the bus message is a
remote terminal to remote terminal transfer, bbthttansmit command and the receive
command are used to identify the message.
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CODE REFERENCE
Bus Data Attributes Group (B) NAME PAGE
BQIAAE'—'NK (B-x\DLN) (9-59)
TEST ITEM (B-X\TA)
NUMBER OF BUSES (B-X\NBS\N)
BUS NUMBER (B-x\BID-)
- BUS NAME (B-x\BNA-i)
Kmy BUS TYPE (B-x\BT-))
v - *RECORDING DESCRIPTION (9-59)
NUMBER OF TRACKS (B-x\TK\N-i)
TRACK SEQUENCE (B-x\TS-i-k)
*MESSAGE CONTENT DEFINITION (9-60)
NUMBER OF MESSAGES (B-X\NMS\N-i)
MESSAGE NUMBER (B-x\MID-i-n)
MESSAGE NAME (B-x\MNA-i-n)
REMOTE TERMINAL NAME (B-X\TRN-i-n)
REMOTE TERMINAL ADDRESS (B-X\TRA-i-n)
SUBTERMINAL NAME (B-x\STN-i-n)
SUBTERMINAL ADDRESS (B-X\STA-i-n)
TRANSMIT/RECEIVE MODE (B-X\TRM-i-n)
DATA WORD COUNT/MODE CODE (B-x\DWC-i-n)
SPECIAL PROCESSING (B-x\SPR-i-n)
- *ARINC 429 MESSAGE DEFINITION (9-61)
my ARINC 429 LABEL (B-X\LBL-i-n)
' ARINC 429 SDI CODE (B-x\SDI-i-n)
*RT/RT RECEIVE COMMAND LIST (9-61)
REMOTE TERMINAL NAME (B-X\RTRN-i-n-m)
REMOTE TERMINAL ADDRESS (B-x\RTRA-i-n-m)
SUBTERMINAL NAME (B-xX\RSTN-i-n-m)
SUBTERMINAL ADDRESS (B-x\RSTA-i-n-m)
DATA WORD COUNT (B-X\RDWC-i-n-m)
*MODE CODE (9-62)
MODE CODE DESCRIPTION (B-X\MCD-i-n)
e
*MEASUREMENT DESCRIPTION SET (9-62)

NUMBER OF MEASURANDS

MEASUREMENT NAME

PARITY

PARITY TRANSFER ORDER

(continued on next page)

(B-X\MN\N-i-n)
(B-x\MN-i-n-p)
(B-x\MN1-i-n-p)

(B-x\MN2-i-n-p)

Figure 9-8.

Bus Data Attributes Group (B).
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*MEASUREMENT LOCATION (9-62)
NUMBER OF
MEASUREMENT (B-X\NML\N-i-n-p)
LOCATIONS
MESSAGE WORD _
NUMBER (B-x\MWN-i-n-p-€)
BIT MASK (B-X\MBM-i-n-p-e)
TRANSFER ORDER (B-XMTO-i-n-p-€)
FRAGMENT POSITION (B-X\MFP-i-n-p-¢)
*COMMENTS
[ commENTs (B-X\COM) (9-63)

*Heading Only — No Data Entry

Figure 9-8 (Cont'd). Bus Data Attributes Group (B).
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TABLE 9-7. BUS DATA ATTRIBUTES GROUP (B)
MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE

DATA LINK 32 B-xX\DLN | IDENTIFY THE DATA LINK NAME

NAME CONSISTENT WITH THE
MULTIPLEX/MODULATION GROUP. THE
PCM FORMAT OF THE DATA STREAM SHALL
BE DEFINED IN THE PCM FORMAT
ATTRIBUTES GROUP.

TEST ITEM 16 B-X\TA TEST ITEM DESCRIPTION IN TERMSF
NAME, MODEL, PLATFORM, OR
IDENTIFICATION CODE THAT CONTAINS
THE DATA ACQUISITION SYSTEM.

NUMBER OF 1 B-xX\NBS\N | SPECIFY THE NUMBER OF BUSES INCLUDEL

BUSES WITHIN THIS DATA LINK.

BUS NUMBER 3 B-x\BID-i | ENTER THE BUS NUMBER AS A BIARY
STRING.

BUS NAME 32 B-x\BNA-i | SPECIFY THE BUS NAME.

BUS TYPE 8 B-x\BT-i | SPECIFY THE BUS TYPE: : :

1553 BUS — ‘1553’ %m;
ARINC 429 BUS — ‘A429’ N “

RECORDING DESCRIPTION

NUMBER OF 2 B-X\TK\N-i | ENTER THE NUMBER OF TAPE TRACKS USED

TRACKS TO RECORD DATA. ANY ENTRY GREATER
THAN ONE INDICATES THAT THE DATA HAS
BEEN SPREAD ACROSS MULTIPLE TRACKS.

TRACK 3 B-x\TS-i-k | IN THESE ENTRIES, GIVE THE SEQUENCE

SEQUENCE ORDER OF TAPE TRACKS THAT SHOULD BE
USED TO RECOVER THE DATA STREAM IN
THE CORRECT ORDER. (THE ORDER GIVEN
SHOULD CORRESPOND TO THE ACTUAL
SKEW OF THE DATA ON THE TAPE.)
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TABLE 9-7 (Contd).

BUS DATA ATTRIBUTES GROUP (B)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

MESSAGE CONTENT DEFINITION

NUMBER OF 8 B-xX\NMS\N-i | THE NUMBER OF MESSAGES TO BE
MESSAGES DEFINED.
MESSAGE 8 B-x\MID-i-n THE MESSAGE NUMBER THAT CONTAINS
NUMBER THE FOLLOWING DATA.
MESSAGE 32 B-x\MNA-i-n | SPECIFY THE MESSAGE NAME.
NAME
REMOTE 32 B-x\TRN-i-n ENTER THE NAME OF THE REMOTE
TERMINAL TERMINAL THAT IS SENDING OR
NAME RECEIVING THIS MESSAGE. FOR RT/RT,
SPECIFY THE SENDING REMOTE
TERMINAL NAME.
REMOTE 5 B-x\TRA-i-n SPECIFY THE FIVE BIT REMOTE
TERMINAL TERMINAL ADDRESS FOR THIS MESSAGE.
ADDRESS
SUBTERMINAL 32 B-X\STN-i-n ENTER THE NAME OF THE SUBTERMINAL
NAME THAT IS SENDING OR RECEIVING THIS
MESSAGE.
SUBTERMINAL 5 B-x\STA-i-n SPECIFY THE FIVE BIT SUBTERMINAL
ADDRESS ADDRESS FOR THIS MESSAGE.
TRANSMIT/ 1 B-xX\TRM-i-n | INDICATE IF THIS COMMAND WORD IS A
RECEIVE TRANSMIT OR RECEIVE COMMAND. FOR
MODE RT/RT, SPECIFY TRANSMIT.
TRANSMIT - ‘1’
RECEIVE - ‘0’
DATA WORD 5 B-x\DWC-i-n | ENTER THE NUMBER OF DATA WORDS AS
COUNT/MODE A BINARY STRING, USING ‘X’ TO
CODE INDICATE A “DON'T CARE” VALUE. IF

THE SUBTERMINAL ADDRESS INDICATES
A MODE CODE, ENTER THE MODE CODE
VALUE AS A BINARY STRING.
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TABLE 9-7 (Cont'd). BUS DATA ATTRIBUTES GROUP (B)
MAXIMUM
PARAMETER FIELD CODE NAME DEFINITION
SIZE
SPECIAL 200 B-xX\SPR-i-n PROVIDE ANY SPECIAL PROCESSING
PROCESSING REQUIREMENTS PERTAINING TO THIS
MESSAGE.
ARINC 429 MESSAGE DEFINITION Km!
ARINC 429 8 B-X\LBL-i-n SPECIFY THE EIGHT-BIT ARINC 429
LABEL LABEL FOR THIS MESSAGE.
ARINC 429 SDI 3 B-x\SDI-i-n SPECIFY THE TWO-BIT ARINC 429 SDI
CODE CODE FOR THIS MESSAGE:
ALL SDI —"ALL’

SDI CODE 0 -0’
SDICODE 1 -1
SDI CODE 2 -2’
SDI CODE 3 -3’

RT/RT RECEIVE COMMAND LIST

REMOTE 32 B-x\ ENTER THE NAME OF THE REMOTE

TERMINAL RTRN-i-n-m TERMINAL THAT IS RECEIVING THIS

NAME RT/RT MESSAGE.

REMOTE 5 B-x\ SPECIFY THE FIVE BIT REMOTE

TERMINAL RTRA-i-n-m TERMINAL ADDRESS FOR THIS RT/RT

ADDRESS MESSAGE.

SUBTERMINAL 32 B-x\ ENTER THE NAME OF THE SUB-

NAME RSTN-i-n-m TERMINAL THAT IS RECEIVING THIS
RT/RT MESSAGE.

SUBTERMINAL 5 B-x\ SPECIFY THE FIVE BIT SUBTERMINAL

ADDRESS RSTA-i-n-m ADDRESS FOR THIS RT/RT MESSAGE.

DATA WORD 5 B-x\ ENTER THE NUMBER OF DATA WORDS

COUNT RDWC-i-n-m AS A BINARY STRING, USING ‘X' TO

INDICATE A “DON'T CARE” VALUE.
EXCLUDE STATUS AND TIME WORDS.
(AN RT/RT MESSAGE CANNOT CONTAIN
A MODE CODE.)

9-61



TABLE 9-7 (Contd).

BUS DATA ATTRIBUTES GROUP (B)

MAXIMUM
PARAMETER FIELD CODE NAME DEFINITION
SIZE
MODE CODE
MODE CODE 200 B-xX\MCD-i-n DESCRIBE THE FUNCTION OR ACTION
DESCRIPTION ASSOCIATED WITH THIS MODE CODE.
MODE CODE 200 B-x\MCW-i-n IF THE MODE CODE HAS AN
DATA WORD ASSOCIATED DATA WORD FOLLOWING
DESCRIPTION THE MODE CODE COMMAND, PROVIDE
A COMPLETE DESCRIPTION OF THE
DATA WORD.
MEASUREMENT DESCRIPTION SET
NUMBER OF 4 B-xX\MN\N-i-n SPECIFY THE NUMBER OF
MEASURANDS MEASURANDS.
MEASUREMENT 32 B-xX\MN-i-n-p MEASURAND NAME.
NAME
PARITY 2 B-x\MN1-i-n-p | NORMAL WORD PARITY.
EVEN - ‘EV’ ODD - ‘OD’
NONE - ‘NO’
PARITY 1 B-x\MN2-i-n-p | PARITY BIT LOCATION
TRANSFER LEADS WORD - ‘L’
ORDER TRAILS WORD - ‘T
MEASUREMENT LOCATION
NUMBER OF 2 B-x\ IF THIS MEASUREMENT IS CONTAINED
MEASUREMENT NML\N-i-n-p IN ONE WORD, ENTER ‘1". IF THIS
LOCATIONS MEASUREMENT IS FRAGMENTED,
ENTER THE NUMBER OF FRAGMENTS.
MESSAGE 3 B-x\ ENTER THE DATA WORD NUMBER
WORD NUMBER MWN-i-n-p-e WITHIN A MESSAGE THAT CONTAINS

THE MEASUREMENT OR THE
FRAGMENTED MEASURAND.
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TABLE 9-7 (Contd).

BUS DATA ATTRIBUTES GROUP (B)

MAXIMUM
PARAMETER FIELD CODE NAME DEFINITION
SIZE

BIT MASK 64 B-x\MBM-i-n-p-e | BINARY STRING OF 1s ANDDs TO
IDENTIFY THE BIT LOCATIONS THAT
ARE ASSIGNED TO THIS MEASURE-
MENT IN THE WORD IDENTIFIED
ABOVE. IF THE FULL WORD IS USED
FOR THIS MEASUREMENT, ENTER ‘FW'.
LEFT-MOST BIT CORRESPONDS TO
FIRST BIT TRANSMITTED.

TRANSFER 3 B-x\MTO-i-n-p-e | SPECIFY IF THE START BIT IS

ORDER MOST SIGNIFICANT - ‘MSB’

LEAST SIGNIFICANT - ‘'LSB’
FRAGMENT 1 B-x\MFP-i-n-p-e ANUMBER FROM 1 TO N SPECIFYING
POSITION THE POSITION OF THIS FRAGMENT

WITHIN THE RECONSTRUCTED BINARY
DATA WORD. (1 CORRESPONDS TO THE
MOST SIGNIFICANT FRAGMENT.)

NOTE: REPEAT THE ABOVE TO DESCRIBE EACH FRAGMENT OF A FRAMENTED WORD.
THE TRANSFER ORDER INDICATES WHETHER TO TRANSPOSHE ORDER OF THE BIT
SEQUENCE OR NOT (LSB INDICATES TO TRANSPOSE THE BSEQUENCE).

COMMENTS

COMMENTS

3200

B-x\COM

PROVIDE THE ADDITIONAL
INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED.
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9.5.7 _PAM Attributes (A) This group provides the information necessanyefine the

channelization and measurand definition for a PAM/@form. As with the PCM signal, the tie
to the calibration data is with the measurementenaFigured-9 summarizes the types of inputs

required. Tabl®-8 specifies the details required. The informatiwet defines the measurand

for each channel is required for the channels tef@st.

PAM Attributes Group (A)

DATA

LINK

NAME
INPUT CODE
POLARITY

SYNC PATTERN TYPE

SYNC PATTERN (OTHER)

CHANNEL RATE

CHANNELS PER FRAME

NUMBER OF MEASURANDS

*REFERENCE CHANNELS

0% SCALE CHANNEL NUMBER

50% SCALE CHANNEL NUMBER

FULL SCALE CHANNEL NUMBER

*SUBFRAME DEFINITION

NUMBER OF SUBFRAMES

SUBFRAME n LOCATION

SUBFRAME n SYNCHRONIZATION

SUBFRAME n SYNCHRONIZATION PATTERN

*CHANNEL ASSIGNMENT

MEASUREMENT NAME

SUBCOM

SUPERCOM

*LOCATION

CHANNEL NUMBER

SUBFRAME CHANNEL NUMBER

*COMMENTS

| COMMENTS

*Heading Only — No Data Entry

CODE
NAME

(A-X\DLN)

(A-X\AL)
(A-X\A2)
(A-X\A3)
(A-X\A4)
(A-X\A5)
(A-X\AN)
(A-X\A\MNIN)

(A-X\RC1)
(A-X\RC2)
(A-X\RC3)

(A-X\SF\N)

(A-X\SF1-n)
(A-xX\SF2-n)
(A-xX\SF3-n)

(A-X\MN1-n)
(A-xX\MN2-n)
(A-X\MN3-n)

(A-X\LCW-n-s)
(A-X\LCN-n-s-r)

(A-X\COM)

REFERENCE
PAGE

(9-65)

(9-66)

(9-66)

(9-67)

(9-67)

(9-67)

Figure 9-9.  PAM Attributes Group (A).
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TABLE 9-8. PAM ATTRIBUTES GROUP (A)

MAXIMUM
PARAMETER FIELD CODE NAME DEFINITION
SIZE
DATA LINK 32 A-X\DLN IDENTIFY THE DATA LINK NAME.
NAME
INPUT CODE 2 A-X\AL DEFINE THE INPUT CODE:
50% DUTY CYCLE - ‘RZ’
100% DUTY CYCLE (NRZ) - ‘NR’
POLARITY 1 A-X\A2 NORMAL - ‘N’ INVERTED - ‘I
SYNC 3 A-X\A3 SPECIFY THE SYNCHRONIZATION
PATTERN PATTERN
TYPE IRIG 106 - 'STD’
OTHER - ‘OTH’
SYNC 5 A-X\A4 DEFINE THE OTHER (NONSTANDARD)
PATTERN SYNCHRONIZATION PATTERN IN TERMS
(OTHER) OF:
0 — ZERO SCALE
H — HALF SCALE
F — FULL SCALE
X — DON'T CARE
CHANNEL 6 A-X\A5 SPECIFY THE CHANNEL RATE IN
RATE CHANNELS PER SECOND.
CHANNELS 3 A-X\A\N SPECIFY THE NUMBER OF CHANNELS
PER FRAME PER FRAME INCLUDING THE SYNC
PATTERN AND CALIBRATION
CHANNELS. MAXIMUM ALLOWED IS 128.
NUMBER OF 4 A-X\AMN\N | INDICATE THE NUMBER OF
MEASURANDS MEASURANDS ASSOCIATED WITH THIS
DATA LINK (SOURCE).
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TABLE 9-8 (Contd).

PAM ATTRIBUTES GROUP (A)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE
REFERENCE CHANNELS
0% SCALE 3 A-X\RC1 CHANNEL NUMBER OF 0% SCALE
CHANNEL REFERENCE. IF NOT USED, ENTER ‘NON
NUMBER (NONE).
50% SCALE 3 A-X\RC2 CHANNEL NUMBER OF 50% SCALE
CHANNEL REFERENCE. IF NOT USED, ENTER ‘NON
NUMBER (NONE).
FULL SCALE 3 A-X\RC3 CHANNEL NUMBER OF FULL SCALE
CHANNEL REFERENCE. IF NOT USED, ENTER ‘NON
NUMBER (NONE).
SUBFRAME DEFINITION
NUMBER OF 1 A-X\SF\N SPECIFY THE NUMBER OF
SUBFRAMES SUBMULTIPLEXED CHANNELS IN THE
FRAME.
SUBFRAME n 3 A-X\SF1-n CHANNEL NUMBER OF THE SUBFRAME.
LOCATION (REPEAT THIS ENTRY AND THE
FOLLOWING TWO ENTRIES FOR EACH
SUBFRAME AS A SET.)
SUBFRAME n 3 A-X\SF2-n SPECIFY THE SYNCHRONIZATION
SYNCHRONIZA- PATTERN FOR THE SUBFRAME:
TION IRIG 106 - ‘STD’
OTHER - ‘'OTH’
SUBFRAME n 5 A-X\SF3-n DEFINE THE OTHER (NONSTANDARD)
SYNCHRONIZA- SYNCHRONIZATION PATTERN IN TERMS
TION PATTERN OF:
0- ZERO SCALE
H- HALF SCALE
F- FULL SCALE
X - DON'T CARE
OTH — OTHER
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TABLE 9-8 (Contd).

PAM ATTRIBUTES GROUP (A)

MAXIMUM CODE
PARAMETER FIELD DEFINITION
NAME
SIZE

CHANNEL ASSIGNMENT

MEASUREMENT 32 A-x\MN1-n GIVE THE MEASUREMENT NAME.

NAME

SUBCOM 1 A-x\MN2-n IS THIS A SUBCOMMUTATED CHANNEL?
'Y' OR ‘N’

SUPERCOM 1 A-X\MN3-n IS THIS A SUPERCOMMUTATED
CHANNEL? IF YES, ENTER THE NUMBER
OF POSITIONS IT OCCUPIES —n.
IF NO, ENTER - ‘N’
A SUPERCOMMUTATED
SUBCOMMUTATED PARAMETER IS
ALLOWABLE AND WILL HAVE ENTRIES
IN THIS AND THE PREVIOUS RECORD.

LOCATION

CHANNEL 3 A-xX\LCW-n-s NUMBER OF THE CHANNEL THAT

NUMBER CONTAINS THIS MEASURAND. IF THIS IS
A SUBCOMMUTATED CHANNEL, ENTER
THE CHANNEL THAT CONTAINS THE
SUBCOMMUTATED CHANNEL.

SUBFRAME 3 A-X\LCN-n-s-r | CHANNEL NUMBER IN THE SUBFRAME,

CHANNEL IF APPROPRIATE.

NUMBER

COMMENTS

COMMENTS 3200 A-x\COM PROVIDE THE ADDITIONAL
INFORMATION REQUESTED OR ANY
OTHER INFORMATION DESIRED.
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9.5.8 Data Conversion Attributes (Cyhe Data Conversion Attributes Group includes a
definition of the method by which the raw telemetsta is to be converted to meaningful
information. The sensor calibration is containethie group for each type of sensor that uses a
standard calibration curve or for each sensor mmater that has a unique calibration
requirement. The calibration information can bteeed in several different formats. Provision
is made to permit a test organization to convetd dat entries to coefficients of an appropriate
curve fit and record the derived coefficients. Uf&R-10 shows the structure of the data
conversion attributes. Tab@e9 contains the detailed information required.

PCM - natural binary range as indicated by binary forerdty
PAM - 0 to full scale (100)
I FM (Analog)- lower band edge-(L00) to upper band edge (+100).

(\h\‘ﬁ For reference purposes, thdlowing telemetry unit definitions appl
N/
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. . CODE REFERENCE
MEASUREMENT Data Conversion Attributes Group (C) NAME PAGE
NAME (C-d\DCN) (9-71)

*TRANSDUCER INFORMATION
TYPE (C-d\TRD1) (9-71)
MODEL NUMBER (C-d\TRD2)

SERIAL NUMBER (C-d\TRD3)
SECURITY CLASSIFICATION (C-d\TRD4)
ORIGINATION DATE (C-d\TRD5)
REVISION NUMBER (C-d\TRD6)
ORIENTATION (C-d\TRD7)
*POINT OF CONTACT (9-71)
NAME (C-d\POC1)
AGENCY (C-d\POC2)
ADDRESS (C-d\POC3)
TELEPHONE (C-d\POC4)

*MEASURAND (9-72)
DESCRIPTION (C-d\MN1)
MEASUREMENT ALIAS (C-d\MNA)

EXCITATION VOLTAGE (C-d\MN2)
ENGINEERING UNITS (C-d\MN3)
LINK TYPE (C-d\MN4)

*TELEMETRY VALUE DEFINITION (9-72)
BINARY FORMAT (C-d\BFM)

FLOATING POINT FORMAT (C-d\FPF)

*INFLIGHT CALIBRATION (9-72)

NUMBER OF POINTS (C-d\MC\N)
STIMULUS (C-d\MC1-n)
TELEMETRY VALUE (C-d\MC2-n)

DATA VALUE (C-d\MC3-n)

*AMBIENT VALUE (9-73)

NUMBER OF AMBIENT CONDITIONS (C-d\MA\N)
STIMULUS (C-d\MA1-n)
TELEMETRY VALUE (C-d\MA2-n)

DATA VALUE (C-d\MA3-n)

*OTHER INFORMATION (9-73)

HIGH MEASUREMENT VALUE (C-d\MOT1)
LOW MEASUREMENT VALUE (C-d\MOT2)
HIGH ALERT LIMIT VALUE (C-d\MOT3)
LOW ALERT LIMIT VALUE (C-d\MOT4)
HIGH WARNING LIMIT VALUE (C-d\MOT5)
LOW WARNING LIMIT VALUE (C-d\MOT6)

SAMPLE RATE (C-d\SR)

Continued on next page

Figure 9-10.

Data Conversion Attributes Group (C).
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3

*DATA CONVERSION
DATE AND TIME RELEASED (C-d\CRT)
CONVERSION TYPE (C-d\DCT)
*ENGINEERING UNITS CONVERSION
*PAIR SETS
OR NUMBER OF SETS (C-d\PS\N)
APPLICATION (C-d\PS1)
ORDER OF FIT (C-d\PS2)
TELEMETRY VALUE (C-d\PS3-n)
ENGINEERING UNITS VALUE (C-d\PS4-n)
*COEFFICIENTS
OR ORDER OF CURVE FIT (C-d\COW)
DERIVED FROM PAIR SET (c-d\co1)
COEFFICIENT (0) (C-d\co)
N-TH COEFFICIENT (C-d\co-n)
*OTHER
oR DEFINITION OF OTHER DATA (CA\OTH)
*DERIVED PARAMETER
OR NUMBER OF INPUT MEASURANDS  (C-d\DP\N)
MEASURAND #N (C-d\DP-n)
NUMBER OF INPUT CONSTANTS _ (C-d\DPCIN)
CONSTANT #N (C-d\DPCn)
ALGORITHM (C-d\DPA)
*DISCRETE
OR NUMBER OF EVENTS (C-d\DIC\N)
NUMBER OF INDICATORS (C-d\DICI\N)
CONVERSION DATA (C-d\DICC-n)
PARAMETER EVENT DEFINITION  (C-d\DICP-n)
*PCM TIME
OR | PCMTIME WORD FORMAT (C-d\PTM)
| #1553 TIME
OR | 1553 TIME WORD FORMAT (C-d\BTM)
| *DIGITAL VOICE
| ENCODING METHOD (C-d\WONE)
OR DESCRIPTION (C-d\WOND)
| *DIGITAL VIDEO
ENCODING METHOD (C-\VID\E)
OR DESCRIPTION (C-d\VID\D)
| *COMMENTS
| COMMENTS (C-d\CoMm)

*Heading Only - No Data Entry

(9-74)

(9-75)
(9-75)

(9-75)

(9-75)

(9-76)

(9-76)

(9-76)
(9-76)

(9-77)
(9-77)

(9-77)

(9-78)

(9-78)

Figure 9-10 (Cont'd).

Data Conversion Attribai@roup (C).
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TABLE 9-9. DATA CONVERSION ATTRIBUTES GROUP (C)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
'\NAEICI‘EUREMENT 32 C-d\DCN GIVE THE MEASUREMENT NAME.
TRANSDUCER INFORMATION
TYPE 32 C-d\TRD1 | TYPE OF SENSOR, IF APPROPRIATE
MODEL NUMBER 32 C-d\TRD2 | IF APPROPRIATE
SERIAL NUMBER 32 C-d\TRD3 | IF APPLICABLE
SECURITY 2 C-d\TRD4 | ENTER THE SECURITY CLASSIFICATION OF
CLASSIFICATION THIS MEASURAND.
UNCLASSIFIED - ‘U’
CONFIDENTIAL - ‘C’
SECRET - ‘S’
TOP SECRET - ‘T’
OTHER - ‘O’
APPEND THE FOLLOWING:
IF RECEIVED TELEMETRY SIGNAL
(COUNTS) IS CLASSIFIED, ADD ‘R’
IF EXPRESSED IN ENGINEERING UNITS,
THE MEASURAND VALUE IS CLASSIFIED,
ADD ‘E'’. IF BOTH ARE CLASSIFIED, ADD ‘B’
ORIGINATION 10 C-d\TRD5 | DATE OF ORIGINATION OF THIS DATA FILE.
DATE DD - DAY MM — MONTH
YYYY — YEAR (MM-DD-YYYY)
REVISION 4 C-d\TRD6 | SPECIFY THE REVISION NUMBER OF THE
NUMBER DATA PROVIDED.
ORIENTATION 32 C-d\TRD7 | DESCRIBE THE PHYSICAL ORIEMTION OF
THE SENSOR.
POINT OF POINT OF CONTACT WITH THE
CONTACT: ORGANIZATION THAT PROVIDED THE
NAME 24 C-d\POC1 | CALIBRATION DATA
AGENCY 48 C-d\POC2
ADDRESS 48 C-d\POC3
TELEPHONE 20 C-d\POC4
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
MEASURAND
DESCRIPTION 64 C-d\MN1 DESCRIBE THE PARAMETER BEING
MEASURED.
MEASUREMENT 32 C-d\MNA ALTERNATE MEASURAND NAME
ALIAS
EXCITATION 10 C-d\MN2 SENSOR REFERENCE VOLTAGE, IN VOLTS
VOLTAGE
ENGINEERING 16 C-d\MN3 DEFINE THE ENGINEERING UNITS
UNITS APPLICABLE TO THE OUTPUT DATA.
LINK TYPE 3 C-d\MN4 DEFINE THE SOURCE DATA LINK TYE:
FM (ANALOG) - ‘ANA’ PCM - ‘PCM’
PAM - ‘PAM’ OTHER - ‘OTH’
TELEMETRY VALUE DEFINITION
BINARY 3 C-d\BFM FORMAT OF THE BINARY INFORMATION:
FORMAT INTEGER - ‘INT’
UNSIGNED BINARY - ‘UNS’
SIGN AND MAGNITUDE BINARY (+=0) - ‘SIG’
SIGN AND MAGNITUDE BINARY (+=1) — ‘SIM’
ONE’'S COMPLEMENT - ‘ONE’
TWO'S COMPLEMENT - ‘TWO’
OFFSET BINARY - ‘OFF
FLOATING POINT - ‘FPT
BINARY CODED DECIMAL -‘BCD’
OTHER - ‘OTH,” DEFINE IN COMMENTS.
FLOATING 8 C-d\FPF IF BINARY FORMAT IS ‘FPT’, SPECIFY
POINT FORMAT WHICH FLOATING POINT FORMAT WILL BE
USED.
INFLIGHT CALIBRATION
NUMBER OF 1 C-d\WMC\N | IS INFLIGHT CALIBRATION REQUIRED?
POINTS ‘N' FOR NO OR A NUMBER BETWEEN 1 AND
5, IF IT IS REQUIRED. A MAXIMUM OF FIVE
CALIBRATION POINTS MAY BE INCLUDED.
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
PROVIDE THE STIMULUS FOR THIS
STIMULUS 32 C-dMC1-n CALIBRATION POINT.
TELEMETRY 16 C-dWMC2-n | TELEMETRY UNITS VALUE
VALUE
DATA VALUE 32 C-d\MC3-n | ENGINEERING UNITS VALUE,
SCIENTIFIC NOTATION MAY BE USED.

NOTE: THE ABOVE SET OF THREE ENTRIES MUST BE REPEATEDR EACH INFLIGHT
CALIBRATION POINT.

AMBIENT VALUE

NUMBER OF 1 C-d\MAWN | NUMBER OF STATIC OR SIMULATED

AMBIENT CONDITIONS

CONDITIONS

STIMULUS 32 C-d\MA1-n| DESCRIPTION OF THE STATIC ENRON-
MENT IN WHICH A NONTEST STIMULUS OR
SIMULATOR IS THE DATA SOURCE

TELEMETRY 16 C-d\WA2-n | TELEMETRY UNITS VALUE FOR THE STATIC

VALUE STIMULUS

DATA VALUE 32 C-d\MA3-n | ENGINEERING UNITS VALUE FORTHE
STATIC OR SIMULATED CONDITION.
SCIENTIFIC NOTATION MAY BE USED.

OTHER INFORMATION

HIGH 32 C-d\MOT1 | HIGHEST ENGINEERING UNIT VALUE

MEASUREMENT DEFINED BY THE CALIBRATION DATA,

VALUE SCIENTIFIC NOTATION MAY BE USED.

LOW 32 C-d\WMOT2 | LOWEST ENGINEERING UNIT VALUE

MEASUREMENT DEFINED IN THE CALIBRATION DATA,

VALUE SCIENTIFIC NOTATION MAY BE USED.

HIGH ALERT 32 C-d\WMOT3 | HIGHEST ENGINEERING UNIT VALUE

LIMIT VALUE EXPECTED OR SAFE OPERATING VALUE OF
THE PARAMETER (“RED”), SCIENTIFIC
NOTATION MAY BE USED.
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

LOW ALERT
LIMIT VALUE

32

C-d\MOT4

LOWEST ENGINEERING UNIT VALUE
EXPECTED OR SAFE OPERATING VALUE OF
THE PARAMETER (“RED”), SCIENTIFIC
NOTATION MAY BE USED.

HIGH WARNING
LIMIT VALUE

32

C-d\MOT5

HIGHEST ENGINEERING UNIT VALUE
EXPECTED OR SAFE OPERATING VALUE OF
THE PARAMETER (“YELLOW”), SCIENTIFIC
NOTATION MAY BE USED.

LOW WARNING
LIMIT VALUE

32

C-d\MOT6

LOWEST ENGINEERING UNIT VALUE
EXPECTED OR SAFE OPERATING VALUE OF
THE PARAMETER (“YELLOW”), SCIENTIFIC
NOTATION MAY BE USED.

SAMPLE RATE

C-d\SR

ENTER THE SAMPLE RATE IN TERM3F
SAMPLES/SECOND.

DATA CONVERSION

DATE AND TIME
RELEASED

19

C-d\CRT

DATE AND TIME CALIBRATION WAS
RELEASED:

DD - DAY MM — MONTH
YYYY -YEAR HH-HOUR

MI - MINUTE SS - SECOND

(MM-DD-YYYY-HH-MI-SS)

CONVERSION
TYPE

C-d\DCT

DEFINE THE CHARACTERISTICS OF THE
DATA CONVERSION:

NONE - ‘NON’
ENGINEERING UNITS:

PAIR SETS - ‘PRS’

COEFFICIENTS - ‘COFE’

DERIVED - ‘DER’

DISCRETE - ‘DIS’

PCM TIME - ‘PTM’

1553 TIME - ‘BTM’

DIGITAL VOICE - ‘'VOI'

DIGITAL VIDEO - ‘VID’

SPECIAL PROCESSING - ‘'SP’ (ENTER IN

COMMENTS RECORD.)
OTHER - ‘OTH’
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

PARAMETER

MAXIMUM
FIELD
SIZE

CODE
NAME

DEFINITION

ENGINEERING UNITS CONVERSION

PAIR SETS

NUMBER OF 2 C-d\PS\N | SPECIFY THE NUMBER OF PAIR SETS

SETS PROVIDED, n.

APPLICATION 1 C-d\PS1 ARE THE PAIR SETS TO BE USHED DEFINE A
POLYNOMINAL CURVE FIT? ‘Y’ (YES) OR
‘N’ (NO). IF THE ANSWER IS NO, THEN THE
PAIR SETS ARE TO BE USED AS A “TABLE
LOOKUP” WITH LINEAR INTERPOLATION
BETWEEN THE DEFINED POINTS.

ORDER OF FIT 2 C-d\PS2 SPECIFY THE ORDER OF THE MMEFIT TO
BE PERFORMED, m. AT LEAST 2 PAIR SETS
MUST BE PROVIDED, AND A MAXIMUM OF 32
PAIR SETS MAY BE INCLUDED. TWELVE OR
MORE PAIR SETS ARE RECOMMENDED FOR 4
FIFTH ORDER FIT.

TELEMETRY 16 C-d\PS3-n| TELEMETRY UNITS VALUE

VALUE

ENGINEERING 32 C-d\PS4-n| ENGINEERING UNITS VALUE,

UNITS VALUE SCIENTIFIC NOTATION MAY BE USED.

NOTE: REPEAT THE ABOVE FOR THE n PAIR SETS.

COEFFICIENTS

ORDER OF 2 C-d\COWN | SPECIFY THE ORDER OF THE POLYNOMINAL

CURVE FIT CURVE FIT, n.

DERIVED FROM 1 C-d\Co1 WERE THE COEFFICIENTS DERIVED FROM

PAIR SET THE PAIR SET CALIBRATION DATA
PROVIDED ('Y’ OR ‘N)? IF YES, PROVIDE A
POINT OF CONTACT IN THE COMMENTS
RECORD.

COEFFICIENT (0) 32 C-d\CO VALUE OF THE ZERO ORDERERM (OFFSET),
SCIENTIFIC NOTATION MAY BE USED.
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE
N-TH 32 C-d\CO-n | VALUE OF THE COEFFICIENT OF THE N-TH
COEFFICIENT POWER OF X (FIRST ORDER COEFFICIENT IS

THE EQUIVALENT OF BIT WEIGHT).
SCIENTIFIC NOTATION MAY BE USED.

NOTE: REPEAT UNTIL ALL N+1 COEFFICIENTS ARE DEFINED.

OTHER

DEFINITION OF 1000 C-d\OTH DEFINE OTHER DATA CONVERSION

OTHER DATA TECHNIQUE OR SPECIAL PROCESSING

CONVERSION REQUIREMENT.

DERIVED PARAMETER

NUMBER OF 2 C-d\DP\N SPECIFY THE NUMBER OF INPUT

INPUT MEASURANDS USED TO DERIVE THIS

MEASURANDS PARAMETER.

MEASURAND #N 32 C-d\DP-n SPECIFY THE NAME OF THE-TH INPUT
MEASURAND.

NOTE: CONTINUE UNTIL ALL N MEASURANDS ARE DEFINED.

NUMBER OF 2 C-d\DPC\N | SPECIFY THE NUMBER OF INPUT

INPUT CONSTANTS USED TO DERIVE THIS

CONSTANTS PARAMETER.

CONSTANT #N 32 C-d\DPC-n| SPECIFY THE VALUE FOR THNETH

CONSTANT. SCIENTIFIC NOTATION MAY BE
USED.

NOTE: CONTINUE UNTIL ALL N

CONSTANTS ARE DEFINED.

ALGORITHM 240 C-d\DPA DEFINE THE ALGORITHM TO BE USD IN
DERIVING THE PARAMETER.

DISCRETE

NUMBER OF 2 C-d\DIC\N | HOW MANY EVENTS ARE ASSOCIATED WITH

EVENTS THIS DISCRETE FIELD, n?
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TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

MAXIMUM

PARAMETER FIELD CODE DEFINITION
NAME
SIZE

NUMBER OF 2 C-d\DICI\N NUMBER OF INDICATORS:

INDICATORS FOR A PCM SYSTEM, PROVIDE THE NUMBER
OF BITS USED FOR THIS DISCRETE SET. FOR
A PAM OR ANALOG CHANNEL, PROVIDE THE
NUMBER OF LEVELS USED TO DEFINE THIS
DISCRETE SET.

CONVERSION 16 C-d\DICC-n TELEMETRY VALUE, COUNTS FOR PCM,

DATA PERCENT OF FULL SCALE FOR PAM OR
ANALOG.

PARAMETER 240 C-d\DICP-n DEFINE THE EVENT FOR THE BIT OR BIT

EVENT FIELD IN A WORD THAT CORRESPONDS TO A

DEFINITION DISCRETE EVENT OR THE PERCENT FULL

SCALE VALUE SUCH AS SWITCH ON OR OFF

NOTE: CONTINUE TO DEFINE THE EVENTS FOR EACH BIT PATRN OR VALUE OF THE

DISCRETE MEASURAND.

PCM TIME
PCM TIME 1 C-d\PTM SPECIFY THE PCM TIME WORD FORMAT
WORD USED, AS DEFINED IN PARAGRAPH 4.7.
FORMAT HIGH ORDER TIME - ‘H’
LOW ORDER TIME - ‘L’
MICROSECOND TIME - ‘M’
1553 TIME
1553 TIME 1 C-d\BTM SPECIFY THE 1553 TIME WORD FORMAT
WORD USED, AS DEFINED IN PARAGRAPHS 4.7
FORMAT AND 8.5.
HIGH ORDER TIME - ‘H’
LOW ORDER TIME - ‘L’
MICROSECOND TIME - ‘M’
RESPONSE TIME - ‘R’
DIGITAL VOICE
ENCODING 4 C-d\VOIE SPECIFY THE VOICE ENCODING METHOD
METHOD USED: CVSD - ‘CVSD’ OTHER - ‘OTHR’

9-77



TABLE 9-9 (Contd).

DATA CONVERSION ATTRIBUTES GR OUP (C)

MAXIMUM
PARAMETER FIELD CODE DEFINITION
NAME
SIZE

DESCRIPTION 640 C-d\WOIND| SPECIFY THE DECODING AL&DIHM TO BE
USED.

DIGITAL VIDEO

ENCODING 64 C-d\VID\E | SPECIFY THE VIDEO ENCODING METHOD

METHOD USED.

DESCRIPTION 640 C-d\VID\D | SPECIFY THE DECODING ALGITHM TO BE
USED.

COMMENTS

COMMENTS 3200 C-d\COM| PROVIDE THE ADDITIONAL INFORMTION
REQUESTED OR ANY OTHER INFORMATION
DESIRED.
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9.5.9 _Airborne Hardware Attributes (HYhe Airborne Hardware Attributes Group definas t
specific configuration of airborne instrumentatimardware in use on the item under test. This
group allows the same TMATS file to describe thb@ine hardware as well as the telemetry
attributes.

Specific information on the structure and deforitof airborne hardware attributes is not
included in this standard. There are far too maglware systems to try to define them all in
one group. The main purpose of identifying thisugr is to reserve the ‘H’ designation for those
instrumentation organizations which choose to beeTMATS standard in this way.

The only H group attributes defined in this staddare the following:

Test Item (code name H-x\TA) specifies the itemarrtdst and ties the H group to the G group.

Airborne System Type (code name H-x\ST-n) will iigtiish which airborne systems are being
described in the current file and will determinevttbe rest of the attributes in the H group are
interpreted.

— For anyone wishing to define an H group, it is sty

\ recommended that the conventions laid out in tlasdard be
N)IE/ followed. The resultant document should mainthalbok and
, feel of this standard for consistency.

S
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9.5.10 _Vendor Specific Attributes YV The Vendor Specific Attributes Group provides
information that is specific to a vendor. Thisgpallows the TMATS file to include
information about a particular vendor’'s equipmentise during a test. Detailed information
about specific vendors’ equipment is not includethis standard.

The only V-group attributes defined in this standare the following:

« Data Source ID (code name V-x\ID) specifies thesD@burce ID consistent with the
General Information Group and ties the V-grouph® & group.

« Vendor Name (code name V-x\VN) is a three charatesnym that identifies the
specific vendor and determines how the rest ofttrébutes in the V group are
interpreted.

All other code names for vendor specific attributél$ have the form:

V-x\acr\attribute-string

where ‘acr’ is the three character acronym idemtgya specific vendor and ‘attribute-string’ is
any attribute that applies to this vendor.

(% For anyone wishing to define a V group, it is sgigr
NOTE recommended that the conventions laid out in taisdard be
ﬁ / followed. The resultant document should maintaalbok and

o g feel of this standard for consistency.
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CHAPTER 10
SOLID STATE ON-BOARD RECORDER STANDARD
10.1 General

A large number of unique and proprietary data stmes have been developed lately for
specific data recording applications that requirigjue decoding software programs. Writing
unique decoding software, checking the softwareaémuracy, and decoding the data tapes is
extremely time consuming and costly. In addititme, test ranges have seen the implementation
of non-tape-based, high data-rate recorders ifatbel 990s— the most predominate being
solid-state memory devices. As high-rate digikalorders were fielded, and with solid state on
the horizon, the Telemetry Group (TG) formed arhad-committee to research and write a
computer compatible, digital data acquisition stadd

It was determined that a solid-state digital deatquisition and on-board recorder
standard (see Figure 10-1) would support a broageraf requirements, including the following:
Data download and interface
One or more multiplexed data streams
One or more single data streams
Read-after-write and read-while-write options
Data format definitions
Recorder control

@ o 20 T

Solid-state media declassification

Specifically, this digital data acquisition stardiahall be compatible with the
multiplexing of both synchronous and asynchrondggal inputs such as pulse code modulation
(PCM) and MIL-STD-1553 data bus, time, analog, vid&RINC 429, discrete, and RS-232/422
communication data. This solid-state recorderdaeshwill allow the use of a common set of
playback/data reduction software to take advantdgenerging random access recording media.

The purpose of this chapter is to establish a commterface standard for the
implementation of solid-state digital data acqigsitand on-board recording systems by the
organizations participating in the Range Comman@ensncil (RCC). This standard does not
specify hardware architecture, e.g., the couplingata acquisition, multiplexing, and media
storage.
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IRIG 106 Chapter 10 Solid State On-Board Recorder Standard

RS-232 Discrete

A ' A

A 4 A 4

Solid State Recorder
Control & Status

Ref Section 10.7

Interface
File Structure

Ref Section 10.5

A

Figure 10-1. Functional layout of standard.
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Four interface levels are provided in this standard

1. Data download and electrical interface, whecthe physical interface for data access
(defined in sectiori0.4).

2. Interface file structure, which defines théadaccess structure (defined in sectiorb).

3. Data format definition, which defines datadgmnd packetization requirements (defined
in sectionl0.6).

4. Solid-state recorder control and status, whifines command and control mnemonics,
status, and their interfaces (defined in sectior).

10.2 Definitions

Bad Block Block that has been determined to be unrelifdyistoring user data.

Bad Block Table Table of bad block entries for a memory boaFtie data stored in the
entry identifies the chip and block number of tiagl block. The table entry also contains a flag
field. The flag field is used to determine thecaimstance in which the bad block was detected.
It also provides a flag indicating whether the esponding bad block has previously been
“secure erased.”

Block: Storage unit within the flash device. A bloskthe smallest unit of memory that
can be erased.

Byte: A contiguous set of 8 bits that are acted oa asit.

Channel ID All channels in a system must have a uniqueevédiata channels and
playback channels).

Channel Specific Data Word®A set of required words for a data type chatinal has
data specific information.

Checksum Arithmetic sum of data bytes or words.

Erasing Flash Performing an erase function on a flash deviemsing a flash device
sets all bits to a known logic state.

EVPD: Enable vital product data.

Intra-Packet Data Headefontains time and status information for thegtag of data
inside a packet.

Long Word A contiguous set of 32 bits that are acted oa asit.
Isb: The least significant bit of a series of bits.

LSB: The least significant byte of a series of bytes.
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LSW: The least significant word of a series of words.
LSLW: The least significant long word of a seriesasfd words.

Magic Number An identifier for the directory block. This #&svalue chosen to support
discovery of lost directory entries and directaggaonstruction after a fault.

Memory Board Printed circuit board containing flash memoryides used to store user
data.

msh The most significant bit of a series of bits.

MSB: The most significant byte of a series of bytes.

MSW: The most significant word of a series of words.

MSLW: The most significant long word of a series afgavords.
Non-volatile Memory media that retains data when power isorerd.

Recorder The entity that includes the input and contnéifaces, RMM, and
functionality required to properly record data.

Recording SessionTime interval from first data packet generate@nd of the
recording.

Relative Time CounterA free-running 10 MHz binary counter represertigd8-bits
common to all data channels. The counter shallebeet from an internal crystal oscillator and
shall remain free running during each recordingises The applicable data bit to which the 48-
bit value applies will be defined in each data tgpetion.

Removable Memory Module (RMM That element of the data recorder that conttias
stored data.

Packet Encapsulates a block of observational and amgiipplication data that is to be
recorded.

Packet Headerldentifies the source and characteristics ofdia packet and
encapsulation environment.

Packet Secondary Heade€ontains packet header time.

Page Storage unit within the flash device. A pagés smallest storage unit that can be
written.

Quad Word A contiguous set of 64 bits that are acted oa asit.

Word: A contiguous set of 16 bits that are acted oa asit.
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10.3 Operational Requirements

This section of the standard specifies the bgsécaiion and required interfaces for the
Solid-State Data Storage and Download.

10.3.1 _Required ConfiguratiorEvery recorder, as a minimum, shall provideftilewing
functionality:

a. Download port
b. Control port
c. External power port

The required download port interface shall be&iBhannel. This combination will
allow data extraction and transfer from any sotatesrecorder to any RCC compliant,
intermediate storage unit.

10.3.2 _Exclusions to this Standar@ihe physical size, configuration, and form fadto the
recorder and/or the RMM are not controlled by #tendard. Due to the variation in
capacity/rate/cost requirements of the userssthisdard does not specify the technology to be
used in the RMM or the recorder.

10.3.3 _Internal System Manageme®ny processing performed on the stored datdby t
recorder (e.g. for the purposes of internal systeanagement, error detection and correction
(EDAC), physical frame formatting, etc.) shall leenoved from the stored data when the stored
data is downloaded or transferred from storage anedi

10.3.4 _Data DownloadThe data acquisition recorder may have a remevakmory
capability or the whole recorder can be removethftbe acquisition platform and taken to a
ground station for data download. Reference papgr0.4.1for electrical interface
requirement.

10.3.5 _Data Download File Extensioblpon data download to a host computing platfaln,
IRIG 106 Chapter 10-compliant recordings shall theefile extension, *.ch10. The use of this
standard extension will indicate that any file ograund computing or storage platform is in
compliance with section 10.6 of this standard.

platform, all IRIG 106 Chapter 10-compliant recoigh shall use

C IMPORTANT : Upon data download to a host comput
NOTE / b P
U the file extension, *.ch10.
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10.4 Data Download and Electrical Interface

In accordance with (IAW) paragraph 10.3.1, the mexglidownload port interface shall be
Fibre Channel (FC). Physical, signaling, and comainarotocols contained in paragaphs 10.4.1
and 10.4.2 were adapted from the North Atlanti@ly@rganization (NATO) Military Agency
for Standardization (MAS) Standardization Agreem&@TANAG) NATO Advanced Data
Storage Interface (NADSI) number 4575 hereinafégmred to in this document as STANAG
4575.

10.4.1 _Physical and Signaling Protocolhe interface shall comply with FC-PI (physical
interfaces) and FC-FS (framing and signaling) withfiguration options as specified below.

a. Physical media. Either Fibre Channel copper oicapfiber interface can be utilized.
b. Signaling rate. The transmission signaling ratdldie 1.0625 giga-baud.

10.4.2 _Command Protocolhe interface shall conform to the requiremerfitthe Fibre

Channel - Private Loop SCSI Direct Attach (FC-PLE/Ateroperability. Table 17 of FC-

PLDA specifies a control protocol using a subsetafimands, features, and parameters defined
for the Small Computer System Interface (SCSIT&ble 17 also defines the command feature
and parameter usage categories of “Required,” Wdid,” “Invokable,” and “Prohibited”

between the SCSI Initiator and Target. These digfits assume that the Target is a magnetic
disk drive or equivalent device.

The control protocol must support a number of dateage media types. Only the
minimum set of SCSI commands needed to downloadiomsiata from a memory cartridge are
defined as “required.” FC-PLDA SCSI commands,fezd, and parameters not defined as
“required” for this standard are redefined as ‘ald” and may be implemented as appropriate.
Table10-1 provides the four “required” SCSI commands andt tieatures and parameter usage
definitions.

2" Document published as ANSI INCITS TR19-1998.
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TABLE 10-1.
“REQUIRED” SCSI COMMANDS, FEATURES, AND PARAMETERS %

COMMANDS/FEATURES INITIATOR TARGET | NOTES

INQUIRY | R

Standard INQUIRY data (bytes 0-35) I R

EVPD =1 | R

Vital Product Data page codes:

hex'00’ (supported vital product pages) | R

hex'80’ (unit serial number page) I R

hex'81’ (implemented operations definition pg.) |

>| >

hex'82’ (ASCII implemented operations def. pg.) |

hex'83’ (device identification page) | R

READ (10)

DPO =0

FUA=0

[
[
DPO =1 [
[
[

NN~

FUA=1

RelAdr=0

RelAdr=1

READ CAPACITY

RelAdr =1
PMI =0

PMI =1

o|>|0|o|x|o|o|o|>|>|>|>|D
w

R
P
|
RelAdr = ( R
P
|
|
|

TEST UNIT READY

Notes

1. The Disable Page Out (DPO) bit is associaild andevice data caching policy.

2. The Force Unit Access (FUA) bit is associatétth whether the device may or may not return th
requested Read data from its local cache.

3. Relative Offset is prohibited since this regsithe use of linking that is prohibited.

P = Prohibited: The feature shall not be used batweC-PLDA compliant devices.

R = Required: The feature or parameter value skeailinplemented by FC-PLDA compliant devices.
A = Allowed: The feature or parameter may be usatvben FC-PLDA compliant devices. The
initiator determines if an “allowed” feature/pardaeres supported via a required discovery process
minimal response by the recipient.

| = Invokable: The feature or parameter may be l&tdleen FC-PLDA compliant devices. The
recipient shall support “invokable” features oryide a response that it is not implemented as défin
by the appropriate standard.

D

28 pdapted from STANAG 4575, Table B-1.
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10.5 Interface File Structure Definition

This interface file structure definition is adopfeom STANAG 45752 This file
structure was selected to facilitate host compupliagform independence and commonality. By
incorporating an independent file structure backlaard forward compatibility is ensured for
the life of the standard.

T This file structure definition does not define hdata is physicall
NOTE stored on the recorder media, but provides a stdima method

& for access of the stored data at the interfacea Ban be physically

. organized any way appropriate to the media, inalgignultiple

directories, as long as the file structure IAW &eti0.5is
maintained or seen at the interface (sectio).

10.5.1 _Data OrganizatiorA data recording can contain a single file, ahie composed of one
or more types of packetized data, or multiple filasvhich one or more types of data are
recorded simultaneously in separate files. Facanding file to be in compliance with this
standard, it must contain, as a minimum, the faithguw

a. Computer Generated Packet, Setup Record Forriratidcordance with (IAW)
paragraphi0.6.7.2.2as the first packet in the recording.

b. Time Data Packet(s) IAW paragrapb.6.3as the first dynamic packet after the
Computer Generated Packet Set Record.

c. One or more data format packets IAW secfifr6.

Multiple recordings may reside on the media, archeacording may contain one or
more compliant files.

10.5.1.1 _Data HierarchyThe structures used to define the data storeording to this
standard shall have the following relationshipglfleist to lowest), as depicted in Fighfe2

10.5.1.1.1 _Directory One or more directory blocks of data comprisarigst of all Data Files
located under the guidance of this Standard. Atstains supporting data that may be of
interest to those manipulating the Data Files. [8tef files is made up from “File Entries.”
The Directory shall always start at logical addre=m® of each directory block.

10.5.1.1.2 _Directory BlockA block containing directory entries and othestadata.

2 Annex B Protocol Interface Definitions, sectionFfle Structure Definition.
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10.5.1.1.3 _Directory Block File EntryA fixed-length data structure used to descrilesf It

contains the name, the starting address, the nuofitdocks of data assigned to the Data File,
the total number of bytes contained in the filej e file's creation date and time. It also

contains a reserved field for future growth anagador-unique field.

10.5.1.1.4 _Data FilesData files are comprised of user data, presestdie interface in
monotonically increasing contiguous logical addesgzer file. Thus, if a file starts at logical
address X, the next location containing file datestibe at the next logical address, X+1, and the

next location after that must be at the next |dgichlress, X+2, etc.

Directory

‘ Logical Block Address 0 h

Directory
Block

Magic Number

\_‘ Logical Block Address 1

Revision Number

Logical Block Address n

Shutdown

Variable Length as
defined in “# of File
Entries”

Unused Bytes of the

# of File Entries (n)

Reserved

Volume Name

> Fixed 64 Bytes

Memory Block

Figure 10-2.

Forward Link
Reverse Link .
File Entry R i File Name ﬂ Data File
File Entry R+ 1 | File Start Address } Data
File Entry R + 2 File Block Count Data + 1
.. File Size
File Entry R+ n Create Date
Unused Create Time
Time Type
Reserved

File Close Time

Directory Block Structure.
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10.5.2 _Directory Definition Name and location information for all files exorded in a

Directory (see Figur&0-2). The Directory is composed of one or more doscblocks as

shown in Figurel0-3 At least one Directory Block is required anchitist be located at SCSI
logical block address 1. (Logical block address @efined as a vendor unique area,; its contents
are not described or controlled by this standard.)

10.5.2.1 _Directory Fixed FieldsThe fixed fields within a Directory Block areagsto name the
volume of data, identify the number of entries, &m@rovide pointers to other addresses that
contain additional directory blocks. The forwardlebackward link to the next address for the
next Directory Block (if any) as well as back te threceding Directory Block (if any). This
allows for directory expansion beyond a single bland does not limit the placement of
directory information.

10.5.2.2 _Block Size The media types used to implement this standave varying block
lengths. Some will have blocks as small as 512d)ydthers may have blocks as large as 64K
bytes or larger. The block size used by a givedianean be determined via the SCSI Read
Capacity Command and is not defined here.

| Directory Block
Ho of

Magic Rev.|Shut- Forward Reverse

Number No |down

File | Reserved | Velume Name . .
Entries Link Link

64 Byte

Figure 10-3. Directory Block (as depicted in STANAGY5).

10.5.2.3 _Directory to Data File LinkEach Data File on the media has a directoryyenithin

a Directory Block that describes the file, as shawmhable10-2 The directory entry for a data
file contains a link to the starting location oéttlata contained in each file and the total number
of blocks assigned for the storage of data, as shiwwWwablel0-3 This standard does not define
the meaning of the data recorded within these Bigablocks.
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TABLE 10-2.

DIRECTORY BLOCK FORMAT — PRIMARY BLO CK

FIELD DATA
NAME BYTES DESCRIPTION TYPE

Magic 8 An identifier for a directory block. The valueASCII | ASCII

Number “FORTYtwo"” (Hex — 0x464F52545974776F)

Revision 1 Revision number of the standard compiled by the | Unsigned

Number recording system. Example first version 00000001.| Binary

Shutdown 1 Flag, if cleared to a 00h indicates tiratvolume was | Unsigned
not properly dismounted, if seen on power-up is an | Binary
indication that the directory chain may be faulty.

If set = OxFF, then file system properly shutdown.
This field is only valid in the first directory bi&;
other directory blocks set to OxFF.

Number of 2 Defines the number of file entries that followtliris Unsigned

File Entries block. Binary

Reserved 4 Fill with OxFF Unsigned

Binary

VolName 32 Volume name. Fill with all 0x00 for name. ASCII

Forward Link 8 Block address of the next block @iming directory Unsigned
information. Set equal to address of this blodki is | Binary
the end of the chain.

Reverse Link 8 Block address of the directory blpoknting to this Unsigned
block. Set equal to the address of this blochi# ts Binary
the start of the chain.

(n File 112 *n One entry for each file. Total number afdtory See Table

Entries) entries for this directory block as defined bydiel 10-3
“Number of Directory Entries”.

Padding Varies | Pad to block boundary. Default value is OxFF Unsit)

with n and Binary
Block Size

Note: 64 bytes in fixed fields.
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TABLE 10-3. DIRECTORY ENTRY FORMAT

FIELD
NAME

BYTES

DESCRIPTION

DATA
TYPE

Name

56

File name, see character set for restrictiond.wrih FFh
for unused directory entries.

ASCII

FileStartAdd

Zero based address of the first block reserveddta
associated with this file. Fill with FFh for unuke
directory entries.

Unsigned
Binary

FileBIkCnt

One-based number that is the count of consecutive
address blocks reserved for data for this fileudirig the
block pointed to by the FileStartAdd field. FilitvOOh
for unused directory entries.

Unsigned
Binary

FileSize

The actual number of bytes contained in this fildis
file size will be equal to or less than the FileBik
multiplied by the blocksize.

Unsigned
Binary

File Create
Date

DDMMYYYY ASCII character values, with no
embedded spaces or other formatting characters,
representing the numeric date on which the file was
created (e.g. ASCII codes for the decimal digit83Z000
— 30h 32h 30h 39h 32h 30h 30h 30h represents 2
September 2000). Data for this is optional andl &lea
filled with 30h if this value is not available.

ASCII

File Create
Time

HHMMSSss character values, with no embedded spag
or other formatting characters, representing thraeric
time at which the file was created. HH is the nemtif
the 24 hour based hour, MM is the number of minutes
after the hour, SS is the number of seconds dfter t
minute, and ss is the hundredths of seconds after t
second.

Data for this is optional and shall be filled wafh if this
value is not available. Fill with 20h if this emgifield is
not available. Fill the portions of the field wiB®h if a
portion of the field, e.g., “ss” is not available.

es
ASCII

Time Type

A numeric code that qualifies the time and dateesl
recorded in the “Create Date” and “Create Time” and
“Close Time” fields.

00h = Coordinated Universal Time (Zulu)

01h = Local Time

02h - FF =TBD

Unsigned
Binary

Reserved

Bytes in this region are reserved for future growil
with 00h.

Unsigned
Binary
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TABLE 10-3 (Cont'd). DIRECTORY ENTRY FORMAT

FIELD DATA
NAME BYTES DESCRIPTION TYPE
HHMMSSss character values, with no embedded spaces
File Close 8 other formatting characters, representing the nigntiene at ASCII
Time which the file was closed. HH is the number of 2dehour

based hour, MM is the number of minutes after tarhSS is
the number of seconds after the minute, and $®is t
hundredths of seconds after the second.

Data for this is optional and shall be filled wgh if this
value is not available. Fill with 20h if this ertifield is not
available. Fill the portions of the field with 3@ta portion of
the field, e.g., “ss” is not available.

Note: 112 bytes in fixed fields.

10.5.2.4 _File Entry NameEach file entry in a directory shall have a wieigqpame (see
character set paragraph®.5.3.2.1and10.5.3.2.2.

10.5.2.5 _Entry SingularityMultiple Directory entries are not permittedréder to the same
data, either partially or completely.

10.5.2.6 _Directory Entries and FieldBirectory block fields and entries shall be tziy
contiguous.

10.5.3 _Data Definitions

10.5.3.1 _Byte OrderThe structures described in this Standard diaatéto have the
following bit and byte orientation. The least sfgrant byte shall be transmitted first, the least
significant bit of each byte shall be transmittiesdtf and data is read from the lowest logical
address first. Fields defined with data type ofCASare stored in the order shown in the field
description, starting with the lowest logical adsire Directory blocks are stored in the order
shown in the tables, starting with the lowest lagaddress.

Assuming a 32-bit entry, composed of four 8-bitdsytwhere the first and least

significant byte is byte [0] and the last and ngighificant is byte [3], then the correspondence
of bits to bytes, where bit [00] is the least sfigaint bit, is as follows in Tabl&0-4.
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TABLE 10-4. CORRESPONDENCE OF BITS TO BYTES
Bit: | 7 6 5 4 3 2 1 0
Byte[3] | 31 30 29 28 27 26 25 24
Byte[2] | 23 22 21 20 19 18 17 16
Byte[1] | 15 14 13 12 11 10 9 8
Byte [0] 7 6 5 4 3 2 1 0

10.5.3.2 _Naming Restrictiond'he following rules shall be applied when formimames in
order to assure the highest degree of interchamge&@ other operating systems.

10.5.3.2.1_CharacterCharacters from the first 127 common ASCII cheees (00h through
7Eh) may be used in names except for specific pitgli characters.

Any ASCII character code value smaller than 20br@hibited, except where the <00h>
is used to terminate the name. The other prohilukaracters with their hexadecimal
representation are defined in Tah@5

TABLE 10-5.
PROHIBITED CHARACTERS HEXIDECIMAL REPRESENTATION
Cﬁgiglcc'igfsnin Hexadecimal | Forbidden Characters | Hexadecimal
Value in Names Value
Names
22h = 3Dh
27h > 3Eh
* 2Ah ? 3Fh
/ 2Fh \ 5Ch
3Ah ] 5Dh
; 3Bh [ 5Eh
< 3Ch | 7Ch
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10.5.3.2.2 _NamesNames used for this interface will observe tiWing rules:

a. Filenames shall not be case sensitive.
b. Leading and trailing spaces are not permitted.
c. Leading periods are not permitted.

d. Names shall be left-justified in the field ard germinated with a null<OOh>. The
maximum length of the name is the length of te&fminus one.

10.6 Data Format Definition

10.6.1 _Common Packet Elemenfata shall have three required parts, a Packatler, a
Packet Body, a Packet Trailer, and an optionalipartabled, a Packet Secondary Header. See
Figure 10-4 for a diagram of the generic packanfdr This figure does not depict the bit
lengths of each field. Depending on the data t@geit, 16-bit and 32-bit word sizes are used.
The size of a single packet may be a maximum ofZ8Blbytes, with one exception. The first
packet in the file must be a Computer Generated Patket, Format 1 Setup Recomisy be a
maximum of 134,217,728 bytes.

With the exception of Computer Generated PackeadsTame Data Packets, all other
packets shall be generated within 100 millisecamdenever data is available. This requirement
ensures that a packet shall contain less than 108emonds worth of data, and that a packet
containing any data must be generated within 10Bsetonds from the time the first data was
placed in the packet. This strategy will assurekpagranularity but save bandwidth by not
forcing or marking empty/idle packets.

A packet has the basic structure shown in Figdr€. Note that the width of the

structure is not related to any number of bitsisTigure merely represents the relative packet
elements and their placement within the packet.
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PACKET SYNC PATTERN
CHANNEL ID
PACKET LENGTH
DATA LENGTH
HEADER VERSION
SEQUENCE NUMBER
PACKET FLAGS
DATA TYPE

Packet Header

RELATIVE TIME COUNTER

HEADER CHECKSUM

Figurel0-4 General Packet Format.
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To further clarify the packet layout, Figut8-5shows the generic packet in a 32-bit,
little-endian format, and assumes 16-bit data wardsdata checksum.

msb Isb
31 16 15 0

CHANNEL ID | PACKET SYNC PATTERN

PACKET LENGTH
DATA LENGTH
Packet Header
RELATIVE TIME COUNTER
HEADER CHECKSUM RELATIVE TIME COUNTER

Figure 10-5. A 32-Bit Packet Format Layout.
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Depending on the data type, the size of the Datck&umcan be 16-bits, 32-bits, 8-bits,
or left out entirely. For a 32-bit Data Checksuhg packet trailer would be as shown in Figure
10-6

msb Isb
7 0
[ FILLER ]
DATA CHECKSUM (LSB)
7777777777777777 D ATACHECKSUM Packet Trailer
"""""""" DATACHECKSUM
| DATACHECKSUM (MSB)

Figure 10-6. Packet trailer for 32-bit Data Crseck.

For an 8-bit Data Checksum, the packet trailer @dod as shown in Figut®-7.

msb Isb
7 0

[ FILLER ]
DATA CHECKSUM (LSB) Packet Trailer

Figure 10-7. Packet trailer for 8-bit Data Cherks

10.6.1.1 _Packet HeadeThe length of the Packet Header is fixed atyé$(192-bits). The
Packet Header is mandatory and shall consist ditnéields, positioned contiguously in the
following sequence:

10.6.1.1.1 _Packet Sync Patterfhis field (2 bytes) contains a static sync vdtreevery
packet. The Packet Sync Patteatue shall be OXEB25.

10.6.1.1.2 _Channel IDThis field (2 bytes) contains a value representhe Packet Channel

ID. All channels in a system must have a uniguaezaChannel value 0x0000 is reserved and is
used to insert computer-generated messages intmthgosite data stream. Channel values
0x0001 thru OXFFFF are available.

10.6.1.1.3 _Packet LengtiThis field (4 bytes) contains a value representhe length of the
entire packet. The value shall be in bytes arawsys a multiple of four (bits 1 and 0 shall
always be zero). This Packet Lengtbludes the Packet Header, Packet Secondary Héader
enabled), Channel Specific Data, Intra-Packet Bigaders, Data, Filler, and Data Checksum.
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10.6.1.1.4 _Data LengthThis field (4 bytes) contains a value represgnthe valid data length
within the packet. This value shall be represemdutes. Valid data length includes Channel
Specific Data and Intra-Packet Data Headers, atd, Dat does not include Filler and Data
Checksum.

10.6.1.1.5 _Header Versiormhis field (1 byte) contains a value represanthme version of the
IRIG-106 standard. The value shall be represemyetie following bit patterns:

0x00 = Reserved.

0x01 = Initial Release Header Version.

0x02 thru OxFF = Reserved for future releases.

10.6.1.1.6 _Sequence Numbérhis field (1 byte) contains a value representhre Packet
Sequence NumberThis is simply a counter that marks in incremdram 0x00 to OxFF for
every packet transferred from a particular channel.

C
NOTE/ Sequence number counter will repeat if more thah®2ikets ar
. transferred in a given recording per channel.

> @

10.6.1.1.7 Packet Flags This field (1 byte) contains bits representinfpimation on the
content and format of the packet(s) as follows:

Bit 7: Indicates the presence or absence of the Packeh&ary Header.

0 = Packet Secondary Header is not present.
1 = Packet Secondary Header is present.

Bit 6: Indicates the Intra-Packet Time Stamp Type.

0 = Packet Header 48-bit Relative Time Counter.
1 = Same as Packet Secondary Header Time (bits? sl).

Bit 5: Indicates the Relative Time Counter Sync Error.

0 = No Relative Time Counter Sync Error.
1 = Relative Time Counter Sync Error has occurred.
Bit 4: Indicates the Data Overflow Error.

0 = No data overflow.
1 = Data overflow has occurred.

Bits 3-2: Indicates the Packet Secondary Header Time Format.
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00 = IRIG 106 Chapter 4 binary weighted 48-bitdiformat. The two
LSBs of the 64-bit Packet Secondary Header Timelatnd-Packet Data
Header time shall be zero filled.

01 = Reserved.

10 = Reserved.

11 = Reserved.

Bits 1-0: Indicates Data Checksum existence.

00 = No Data Checksum present.
01 = 8-bit Data Checksum present.
10 = 16-bit Data Checksum present.
11 = 32-bit Data Checksum present.

10.6.1.1.8 _Data TypeThis frame (1 byte) contains a value represgritiie type and format of
the data. All values not used to define a data te reserved for future data type growth:

0x00 =
0x01 =
0x09 =
0x11 =
0x19 =
0x21 =
0x29 =
0x30 =
0x38 =
0x40 =
0x48 =
0x50 =

Computer Generated Data: Format 0 + @s#ned)
Computer Generated Data: Format 1 usetcord)
PCM Data: Format 1

Time Data: Format 1

MIL-STD-1553 Data: Format 1

Analog Data: Format 1

Discrete Data: Format 1

Message Data: Format O

ARINC 429 Data: Format O

Video Data: Format 0 - (MPEG-2 Video)

Image Data: Format O - (Image)

UART Data: Format 0

10.6.1.1.9 _Relative Time Countefhis frame (6 bytes) contains a value represgritie

Relative Time Counter.

</‘ —
ﬁNOTE /

This is a free-running 10 MHz binary counter reprasd by 48 bits
common to all data channels. The counter shalldoved from an

internal crystal oscillator and shall remain freaning during each

recording session. The applicable data bit to vtte 48-bit value
applies will be defined in each data type section.

10.6.1.1.10 _Header Checksufmhis field (2 bytes) contains a value represend 16-bit

arithmetic sum of all header bytes excluding thadts Checksum Word.

10-20



10.6.1.2 _Packet Secondary Header (optjonahe length of the Packet Secondary He&ler
fixed at 12 bytes (96 bits). The Packet SeconHigder is optional and, when enabled, shall
consist of the following three fields positionechtiguously in the following sequence:

10.6.1.2.1 _Time This field (8 bytes) contains the value repréisgrTime in the format
indicated by bits 2 and 3 of the Packet Flags asified in paragraph 10.6.1.1.7.

10.6.1.2.2 _Reservedrhis field (2 bytes) is reserved and shall be fded.
10.6.1.2.3 _Secondary Header Checkstirhis field (2 bytes) contains a value represens

16-bit arithmetic sum of all Secondary Header hytes excluding the Secondary Header
Checksum Word.

10.6.1.3 _Packet BodyThe format of the data in the packet body igjueito each channel type.
Detailed descriptions of the type-specific datarfats found in packet bodies are described in
subsequent sections of this document.

10.6.1.3.1 _Channel Specific Dat&his field (variable bytes) contains the numéed contents

of the Channel Specific Data field(s) dependingtenData Type field in the Packet Header.
Channel Specific Data is mandatory for each dgta 8nd channel. The occurrence of Channel
Specific Data is once per packet and precedes pelkkanel data.

10.6.1.3.2 _Intra-Packet Time Stamphis field (8 bytes) contains Tinie either 48-bit relative
format (plus 16 high-order zero bits) or 64-bitalbte format, as specified in the Packet Flags in
the Packet Header. The intra-packet time staanp®nly mandatory where defined by the data
formats.

10.6.1.3.3 _Intra-Packet Data Head@his field (variable bytes) contains additioetdtus and
format information pertaining to the data itemg fiedlow. The intra-packet data headars
only mandatory where defined by the data formats.

T The Intra-Packet Time Stamp and the Intra-Packét Bleader are

YNOTE collectively called the Intra-Packet Header. Imsccases an Intra-

{ / Packet Header may only have a time stamp (zerdHetega

SR header), while in other cases, the Intra-Packetieleanly has a
data header (zero-length time stamp). Some dpés tigave no
Intra-Packet Header. The Intra-Packet Header reangints are
specified separately for each data type.

10.6.1.3.4 _DataThis field (n bytes) contains valid data frorpaaticular channel as defined
within the data formats contained within this stanld
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10.6.1.4 _Packet TrailefThe packet trailer may contain Filler, a Dataee€tsum, both Filler and

a Data Checksum, or neither Filler nor a Data Cégck In the latter case, the packet trailer has
zero length. The reason a packet trailer woulcelreazero length is best explained by
understanding the reason for inserting Filler. pbepose of the Filler is to:

a. keep all packets aligned on 32-bit boundaries, finake all packet lengths a multiple
of 4 bytes), and

b. optionally, keep all packets from a particulaacnel the same length.

If both these requirements are already met witlaolding Filler, then Filler will not be added.

The inclusion of the Data Checksum is optional el and is indicated by the Packet
Flags setting. When included, the packet traitertains either an 8-bit, 16-bit or 32-bit Data
Checksum. Depending on the Packet Flags optiettsel, the Data Checksum is the arithmetic
sum of all of the bytes (8-bits), words (16-bits)Jang words (32-bits) in the packet, excluding
the 24 bytes of Packet Header Words, Packet Seocphtgader (if enabled) and the Data
Checksum word. Stated another way, the Data Chatkscludes everything in the packet body
plus all added Filler.

10.6.1.4.1 _Filler This field (n bytes/bits) contains Filler to neathie packet size a multiple of 4
bytes and (optionally) make all packets from a cehthe same size.

10.6.1.4.2 _8-Bit Data ChecksunThis field (1 byte) contains a value represangn 8-bit
arithmetic sum of the bytes in the packet (incluGesnnel Specific Data, Data, and Filler).
Only inserted if Packet Flag bits 0 and 1 = 01.

10.6.1.4.3 _16-Bit Data Checksurhis field (2 bytes) contains a value represené 16-bit
arithmetic sum of the words in the packet (inclu@dsinnel Specific Data, Data, and Filler) and
is only inserted if Packet Flag bits 0 and 1 = 10.

10.6.1.4.1 _32-Bit Data Checksurithis field (4 bytes) contains a value represens 32-bit
arithmetic sum of the long words in the packetl(ides Channel Specific Data, Data, and
Filler). Only inserted if Packet Flag bits 0 and 11.

10.6.2 _PCM Data Packets, FormatA packet with PCM data has the basic structhoava in
Figure10-8 Note that the width of the structure is not tedlato any number of bits. This figure
merely represents the relative placement of dathdarpacket.
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PACKET HEADER

CHANNEL SPECIFIC DATA

(Optiona) INTRA-PACKET TIME STAMP

(Optional) INTRA-PACKET DATA HEADER

MINOR FRAME DATA

(Optiona) INTRA-PACKET TIME STAMP

(Optiona) INTRA-PACKET DATA HEADER

MINOR FRAME DATA

(Optiona) INTRA-PACKET TIME STAMP

(Optional) INTRA-PACKET DATA HEADER

MINOR FRAME DATA

(Optiona) INTRA-PACKET TIME STAMP

(Optional) INTRA-PACKET DATA HEADER

MINOR FRAME DATA

(Optiona) INTRA-PACKET TIME STAMP

(Optional) INTRA-PACKET DATA HEADER

MINOR FRAME DATA

PACKET TRAILER

Figure 10-8. General PCM Data Packet, Format 1.

The user may separately enable or disable wordokimgaon each active PCM channel.
Word unpacking will force the least significant bfteach word to be aligned on a 16-bit
boundary. High-order filler bits are added to wsrds necessary, to force alignment.

The user may separately enable or disable framghsgnizing on each active PCM
channel. This provides a Throughput Mode that trélhsfer data to the packet without frame
synchronization. Throughput Mode essentially dissall setup and packing/unpacking options

for the packet, and just puts data in the packétiaseceived.

10.6.2.1 _PCM Packet Channel Specific Datae packet body portion of each PCM packet

begins with the Channel Specific Data, as showfignre 10-9.
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msb Isb
31 30 29 28 27 24 23 1817 0
R [IPH] MA] Ml | LOCKST | MODE | SYNCOFFSET

Figure 10-9. PCM Packet Channel Specific Data férma

where:

Bits 17-0: _Sync Offset (SYNCOFFSETield contains an 18-bit binary value
representing the Word offset into the major frametfie first data
word in the packet. Not valid for Packed or Thropgt Mode.

Bits 23-18: _Mode (MODF indicates the data packing mode.

Bits 23-21 are reserved.
Bit 20 indicates Throughput Data Mode.

0 = Throughput Data Mode not enabled.
1 = Throughput Data Mode enabled.

Bit 19 indicates Packed Data Mode.

0 = Packed Data Mode not enabled.
1 = Packed Data Mode enabled.

Bit 18 indicates Unpacked Data Mode.

0 = Unpacked Data Mode not enabled.
1 = Unpacked Data Mode enabled.

Bits 27-24: _Lock status (LOCKSTindicates the lock status of the frame
synchronizer. Not valid for Throughput Mode.

Bits 27-26 indicate Minor Frame Status.

00 = Reserved.

01 = Reserved.

10 = Minor Frame Check (after losing Lock).
11 = Minor Frame Lock.

Bits 25-24 indicate Major Frame Status.

00 = Minor Frames only.

01 = Reserved.

10 = Major Frame Check (after losing Lock).
11 = Major Frame Lock.

Bit 28: Minor Frame IndicatofMI) indicates if the first word in the packet is
the beginning of a minor frame. Not valid for thghput mode.
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0 = First word is not the beginning of a minomfi&
1 = First word is the beginning of a minor frame.

Bit 29: Major Frame Indicator (MA indicates if the first word in the packet is
the beginning of a major frame. Not valid for Thghput Mode.

0 = First word is not the beginning of a majoniiea
1 = First word is the beginning of a major frame.

Bit 30: Intra-Packet Header (IBHndicate if Intra-Packet Headers (Intra-
Packet Time Stamp and Intra-Packet Data Headeihseeted before
each minor frame. Intra-Packet Headers are ortipiogl because of
the mode selection. This determines whether IRtreket Headers are
included or omitted.

0 = Intra-Packet Headers are omitted for Througivde.
1 = Intra-Packet Headers are required for Paclesd Bnd Unpacked
Data modes.

Bit 31: Reserved

10.6.2.2 _PCM Packet BodAfter the Channel Specific Data, the PCM data ktra-Packet
Headers are inserted in the packet in integral mugbf minor or major frames, unless the
packet is in Throughput Mode. In Throughput Mathere is no frame or word alignment to the
packet data and no Intra-Packet Headers are idserthe data.

10.6.2.2.1 PCM Data in Unpacked Modea Unpacked Mode, packing is disabled and each
data word is padded with the number of Filler bigsessary to align the first bit of each word
with the next 16-bit boundary in the packet. Baraple, 4 pad bits are added to 12 bit words, 6
pad bits are added to 10 bit words, etc.

Minor frame sync patterns larger than 16 bits &vildd into two words of packet data.
If the sync pattern has an even number of bits) theill be divided in half and placed in two
packet words. For example, a 24-bit sync pattebroken into two 12-bit words with 4 bits of
pad in each word. If the sync pattern has an amdber of bits, it is broken into two words with
the second word having one-bit more of the syntepat For example, if the minor sync pattern
is 25 bits, then the first sync word is 12 bitsgific pattern plus 4 bits of pad, and the second
sync word is 13 bits of sync pattern plus 3 bitpad.

Given PCM frames with a 24-bit minor sync pattend a data words where the bit

lengths of data words 1, 2, and 3 are 12, 16, anespectively. The resultant PCM packets are
as shown in Figur&0-1Q
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msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 15-0)

CHANNEL SPECIFIC DATA (BITS 31-16)

INTRA-PACKET TIME STAMP (BITS 15-0)

INTRA-PACKET TIME STAMP (BITS 31-16)

INTRA-PACKET TIME STAMP (BITS 47-32)

INTRA-PACKET TIME STAMP (BITS 63-48)

INTRA-PACKET DATA HEADER (BITS 15-0)

4-BITS PAD 12-BITS SYNC (BITS 23-12)

4-BITS PAD 12-BITS SYNC (BITS 11-0)

4-BITS PAD 12-BITS WORD 1 DATA
16-BITS WORD 2 DATA

8-BITS PAD ‘ 8-BITS WORD 3 DATA

WORD n DATA BITS + PAD IF NEEDED

INTRA-PACKET TIME STAMP ( BITS 15-0)

INTRA-PACKET TIME STAMP ( BITS 31-16)

INTRA-PACKET TIME STAMP ( BITS 47-32)

INTRA-PACKET TIME STAMP ( BITS 63-48)

INTRA-PACKET DATA HEADER ( BITS 15-0)

REPEAT FOR EACH MINOR FRAME

PACKET TRAILER

Figure 10-10. PCM Data — Unpacked Mode Samplé&dtac
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10.6.2.2.2 _PCM Data in Packed Modén Packed Mode, packing is enabled and padtis n
added to each data word. However, if the numbéitsfin the minor frame is not an integer
multiple of 16, then ‘Y’ Filler bits will be addet the end of each minor frame of bit length L.

Y =16 - MOD(L,16), or 16 minus the integer remainder when divided by 16. In packed
mode, the PCM stream is minor frame synchronizetthadirst data bit in the packet is the first
data bit of a minor frame. If X =16 -, therettesultant PCM packets are as shown in Figure
10-11

msb Isb
15 0

PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 15-0)
CHANNEL SPECIFIC DATA (BITS 31-16)
INTRA-PACKET TIME STAMP ( BITS 15-0)
INTRA-PACKET TIME STAMP ( BITS 31-16)
INTRA-PACKET TIME STAMP ( BITS 47-32)
INTRA-PACKET TIME STAMP ( BITS 63-48)
INTRA-PACKET DATA HEADER ( BITS 15-0)
DATABITS Oto 16
DATABITS 16 to 31
DATABITS 32to 47

Y FILLER BITS ‘ X DATABITS
INTRA-PACKET TIME STAMP ( BITS 15-0)
INTRA-PACKET TIME STAMP ( BITS 31-16)
INTRA-PACKET TIME STAMP ( BITS 47-32)
INTRA-PACKET TIME STAMP ( BITS 63-48)

INTRA-PACKET DATA HEADER ( BITS 15-0)

REPEAT FOR EACH MINOR FRAME

PACKET TRAILER

Figure 10-11. PCM Data — Packed Mode Sample Racke
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10.6.2.2.3 PCM Data in Throughput Moddn Throughput mode, the PCM data are not frame
synchronized so the first data bit in the packettwa any bit in the major frame. The resultant
PCM packets are as shown in Figlite12 Only bit 20 of the Channel Specific Data wordés
to one, indicating Throughput Mode. All other bifsthe Channel Specific Data word are
undefined and shall be set to zero.

msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 15-0)
CHANNEL SPECIFIC DATA (BITS 31-16)
DATABITS Oto 15
DATA BITS 16 to 31
DATA BITS 32 to 47

PACKET TRAILER

Figure 10-12. PCM Data — Throughput Mode sampleket.

10.6.2.2.4 _PCM Intra-Packet Head&hen recording in Packed or Unpacked Mode, @\IP
minor frames shall include an Intra-Packet Headetaining a 64-bit Intra-Packet Time Stamp
and a 16-bit Intra-Packet Data Header, which isriesl immediately before the minor frame
sync pattern. The length of the Intra-Packet He&dfixed at 10 bytes (80-bits) positioned
contiguously, in the following sequence (see Fidii€l3:

msb Isb
31 15 12 11 0
TIME (LSLW)
TIME (MSLW)
LOCKST RESERVED

Figure 10-13. PCM Intra-Packet header.

10.6.2.2.4.1 _Intra-Packet Time Stanifhis field (8 bytes) indicates the time taglué PCM
minor frame. It is not valid for Throughput Mod&he first long word bits 31-0 and second
long word bits 31-0 indicate the following values:

e The 48-bit Relative Time Count#rat corresponds to the first data bit of the
minor frame with bits 31 to 16 in the second lorayavzero filled; or
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« Packet Secondary Header Time Type, if enabled to§ ini the Packet Header
Flags (paragraph 10.6.1.1.7), corresponds to tine fibrmat indicated by bits 2
and 3 in the Packet Secondary Header Time (paradi@p.1.1.7 and to the first
data bit of the minor frame.

10.6.2.2.4.2 _Intra-Packet Data Header

Bits 11-0: Reserved

Bits 15-12: _Lock status (LOCKST indicates the Lock Status of the frame
synchronizer for each minor frame.

Bits 15-14 indicate Minor Frame Status.

00 = Reserved.

01 = Reserved.

10 = Minor Frame Check (after losing Lock).
11 = Minor Frame Lock.

Bits 13-12 indicate Major Frame Status.

00 = Minor Frames only.

01 = Reserved.

10 = Major Frame Check (after losing Lock).
11 = Major Frame Lock.

10.6.3 Time Data Packets, FormatTime is treated like another data channel. nglsi Time
Data Packet is inserted into the multiplexed da&am at least with the rate equal to the time
code frame rate or resolution of the time type farmrhe 48-bit Relative Time Counter shall be
captured for insertion into the Time Data Packead¢ per the following:

10.6.3.1 _IRIG Time Type Format#\t precisely the exact moment the IRIG “on-tinmeark is
received by the hardware indicating the start néa IRIG time code frame, the 48-bit Relative
Time Counter shall be captured for insertion it Time Data Packet Header.

10.6.3.2 _All Non-IRIG Time Type Formatdt precisely the exact moment of any 10-ms
absolute time change received by the hardware}8Hgt Relative Time Counter shall be
captured for insertion into the Time Packet Datadi¢z. After capture of the 48-bit Relative
Time Counter, the decoded absolute time from the tode frame is inserted into the data
portion of the Time Packet.
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T A Time Data Packeghall be the first dynamic data packet at the
YNOTE start of each recording. Only static Computer Gateel Data
{ packets may precede the Time Data Packet in tloedieg.

A packet with time data has the basic structurevehio Figurel0-14 Note that the
width of the structure is not related to any numdfdsits. This drawing merely represents the
relative placement of data in the packet. TimekBtscdo not have Intra-Packet Headers.

PACKET HEADER

CHANNEL SPECIFIC DATA

TIME DATA

PACKET TRAILER

Figure 10-14. General Time Data Packet, Format 1.

10.6.3.3 _Time Packet Channel Specific Dathe Packet Body portion of each Time Data
Packet begins with a Channel Specific Data Worthatted as described in Figuk8-15

msb Isb
31 12]11 8|7 413 0

RESERVED DATE FMT EXT

Figure 10-15. Time Data Packet Channel SpecifiaMdord format.
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where:

Bits 3-0: _External Time (EXT)indicate if the external time source is present.

Bit 0 indicates if the external time source issem.

0 = External time is not present.
1 = External time present.

Bits 3-1 are reserved

Bits 7-4:  Time Format (FMJ indicates the Time Data Packet format. All bit
patterns not used to define a time format typeeserved for future
data type growth.

0x0 = IRIG-B.

0x1 = IRIG-A.

0x2 = IRIG-G.

0x3 = Internal real-time clock.
0x4 = UTC time from GPS.
0x5 = Native GPS time.

0x6 thru OxF = Reserved.

Bits 11-8: _Date Format (DATE indicates the Date Format. All bit pattern$ no
used to define a date format type are reservefiifore growth.

Bit 9 indicates Date Format.

0 = IRIG day available.
1 = Month and Year available.

Bit 8 indicates if this is a leap year.

0 = Not a leap year.
1= Isaleap year.

Bits 11-10 are reserved.

Bits 31-12: Reserved
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10.6.3.4 _Time Packet BodyAfter the Channel Specific Datsord, the time data words are inserted in
the packet in Binary Coded Decimal (BCD) formashewn inFigures 10-16and10-16b

msb Isb
15 12 11 8 7 43 0
0 TSn Sn Hmn Tmn
o] o THn Hn 0 | TMn Mn
olo] o] o 0] 0] HDn TDn Dn
Figure 10-16a. Time Data - Packet Format, Day Farma
msb Isk
15 12 11 8 7 43 0
0 TSn Sn Hmn Tmn
o] o THn Hn 0 | TMn Mn
o[ o] o] TOn On TDn Dn
0 0 OoYn HYn TYn Yn

Figure 10-16b.Time Data - Packet Format, Day, MpAnd Year Format.

Legend
Tmn  Tens of milliseconds TDn Tens of days
Hmn  Hundreds of milliseconds HDn Hundreds of Days
Sn Units of seconds On Units of Months
TSn Tens of Seconds TOn Tens of Months
Mn Units of minutes Yn Units of Years
TMn  Tens of minutes TYn Tens of Years
Hn Units of hours HYn Hundreds of Years
THn  Tens of Hours OYn Thousands of Years
Dn Units of Days 0 Always zero

10.6.4 _MIL-STD-1553 Bus Data Packets, FormaMIL-STD-1553 BUS data is packetized in
MessageMode, where each 1553 bus “transaction” is recoeded “message.” A four-item Intra-
Packet Data Headés inserted prior to each transaction. A transacis a BC-to-RT, RT-to-BC, or RT-
to-RT word sequence, starting with the command veordl including all data and status words that are

part of the transaction, or a mode code word brastdcMultiple messages may be encoded into tree dat
portion of a single packet.

10.6.4.1 _MIL-STD-1553 Packet Channel SpecificdDathe packet body portion of each MIL-STD-
1553 Data Packet begins with a Channel Specifiaatd formatted as described in Figd@ 17

msb Isb
31 30 29 24 23 0
TTB RESERVED MSGCOUNT

Figure 10-17. MIL-STD-1553 Packet Body Channel $pebata Word format.
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where:

Bits 23-0: _Message Count (MSGCOUNTndicates the binary value of the
number of messages included in the packet. Agiateaumber of
complete messages will be in each packet.

Bits 29-24: Reserved

Bits 31-30: Time Tag Bits (TTB: indicates which bit of the MIL-STD-1553
message the Intra-Packet Header time tags.

00 = Last bit of the last word of the message.

01 = First bit of the first word of the message.

10 = Last bit of the first (command) word of thessage.
11 = Reserved.

10.6.4.2 _MIL-STD-1553 Packet Body packet with n-number of MIL-STD-1553 messages
has the basic structure shown in Figlgel8 Note that the width of the structure is not et
to any number of bits. This figure merely reprasehe relative placement of data in the packet.

PACKET HEADER

CHANNEL SPECIFIC DATA
INTRA-PACKET TIME STAMP FOR MESSAGE 1
INTRA-PACKET DATA HEADER FOR MESSAGE 1
MESSAGE 1
INTRA-PACKET TIME STAMP FOR MESSAGE 2
INTRA-PACKET DATA HEADER FOR MESSAGE 2
MESSAGE 2

INTRA-PACKET TIME STAMP FOR MESSAGE n
INTRA-PACKET DATA HEADER FOR MESSAGE n
MESSAGE n

PACKET TRAILER

Figure 10-18. MIL-STD-1553 Data Packet, Format 1.

10.6.4.2.1 _MIL-STD-1553 Intra-Packet Headd&fter the Channel Specific Data, the MIL-
STD-1553 Data are inserted into the packet in ngessaEach MIL-STD-1553 message is

preceded by an Intra-Packet Header consisting tftasPacket Time Stamp and an Intra-
Packet Data Header.
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10.6.4.2.1.1 _MIL-STD-1553 Intra-Packet Time Staniis frame (8 bytes) indicates the time
tag of the MIL-STD-1553 message as follows.

* The 48-bit Relative Time Counter that correspomdhé data bit indicated in the
MIL-STD-1553 Channel Specific Data, Time Tag Bipauagraph 10.6.4.1) with
bits 31 to 16 in the second long word zero filled;

* The Absolute Time, if enabled by bit 6 in the Padkeader Flags (paragraph
10.6.1.1.7), corresponds to the time format in@iddty bits 2 and 3 in the Packet

Header Flags (paragrafgf.6.1.1.7 and to the data bit indicated in the MIL-STD-
1553 Channel Specific Data, Time Tag Bits (paragtEp6.4.).

10.6.4.2.1.2 _MIL-STD-1553 Intra-Packet Data Headehe length of the Intra-Packet Data

Header is fixed at 6 bytes (48-bits) positionedtigously in the following sequence as shown
in Figurel10-19

msb Isb
15 0

BLOCK STATUS WORD

GAP TIMES WORD

LENGTH WORD

Figure 10-19. MIL-STD-1553 Intra-Packet Data Herad

10.6.4.2.1.2.1 _Block Status Word (B$WBits 15-0 contain the Block Status Wdod both the
message type and whether any 1553 bus protocaseycourred during the message transfer.
The Block Status Word bit definitions are as shanvRigure10-2Q

msb Isb
15-14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

R BID | ME | RR| FE| TM| R R R | LE| SE| WE| R Rl R

Figure 10-20. Block Status Word bit definitions.
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where:

Bits 15-14: Reserved (R

Bit 13:

Bit 12:

Bit 11:

Bit 10:

Bit 9:

Bits 8-6:

Bit 5:

Bit 4:

Bit 3:

Bits 2-0:

Bus ID (BID: indicates the bus ID for the message.

0 = Message was from Channel A.
1 = Message was from Channel B.

Message Error (ME indicates a message error was encountered.

0 = No message error.
1 = Message error.

RT to RT transfer (RRindicates a RT to RT transfer; message
begins with two command words.

0 = No RT to RT transfer.
1 = RT to RT transfer.

Format Error (FE indicates a frame error.

0 = No format error.
1 = Format error.

Response Time Out (TMindicates a response time out occurred.

0 = No response time out.
1 = Response time out.

Reserved (R

Word Count Error (LE indicates a word count error occurred.

0 = No word count error.
1 = Word count error.

Sync Type Error (SEindicates an incorrect sync type occurred.

0 = No sync type error.
1 = Sync type error.

Invalid Word Error (WE: indicates an invalid word error occurred.

0 = No invalid word error.
1 = Invalid word error.

Reserved (R
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10.6.4.2.1.2.2 _Gap Times Word he Gap Times Word indicates the number of &nfh
microseconds in length of the internal gaps withgingle transaction. For most messages, only
GAP1 is meaningful. It measures the time betwleercommand or data word and the first (and
only) status word in the message. For RT-to-RTsagss, GAP2 measures the time between
the last data word and the second status word. GHpeTimes Word bit definitions are as shown
in Figurel10-21

msb Isb
15 8 7 0

GAP2 GAP1

Figure 10-21. Gap Times Word bit definitions.

Gap measurements shall be made IAW MIL-STD-155Baese

(/ ——
) NOTE time measurements from the mid-bit zero crossintyefparity bit
ﬁ of the last word to the mid-zero crossing of thecsgf the status
.

word.

10.6.4.2.1.2.3 _Length WordThe Length of the message is the total numbeytfs in the
message. A message consists of command wordsydeda, and status words.

10.6.4.3 _Packet Formatinless an error occurred, as indicated by ortheoérror flags in the

block status word, the first word following the ¢gh should always be a command word. The
resultant packets have the format shown in Fig@x@2
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msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 15-0)

CHANNEL SPECIFIC DATA (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 15-0)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 47-32)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 63-48)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 15-0)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 31-16)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 47-32)

COMMAND WORD

COMMAND, STATUS, OR DATA WORD

DATA OR STATUS WORD

DATA OR S'I;ATUS WORD

INTRA-PACKET TIME STAMP FOR MSG 2 (BITS 15-0)

INTRA-PACKET TIME STAMP FOR MSG 2 (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG 2 (BITS 47-32)

INTRA-PACKET TIME STAMP FOR MSG 2 (BITS 63-48)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 15-0)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 31-16)

INTRA-PACKET DATA HEADER FOR MSG 2 (BITS 47-32)

COMMAND WORD

COMMAND, STATUS, OR DATA WORD

DATA OR STATUS WORD

DATA OR S'I:ATUS WORD

INTRA-PACKET TIME STAMP FOR MSG n (BITS 15-0)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 47-32)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 63-48)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 15-0)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 31-16)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 47-32)

COMMAND WORD

COMMAND OR DATA, WORD

DATA OR STATUS WORD

DATA OR STATUS WORD

PACKET TRAILER

Figure 10-22. MIL-STD-1553 Data Packet, Format 1
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10.6.5 _Analog Data Packets, FormatAn illustration of the generic packet structtoe

analog data is shown in Figut8-23 An Analog Data Packet will contain a Channel e
Data word for each subchannel of analog data sahvgthin that packet. This will be followed
by at least one complete sampling schedule of datsampling schedule is defined as a
sampling sequence in which each subchannel, deschfp a Channel Specific Datsrd, is
sampled at least once. In many cases, due totsinealus sampling rules and varied sampling
rates (sed0.6.5.2, a particular subchannel will be sampled mora tvace during a sampling
schedule. In addition, multiple complete sampbobedules may be included in a single packet.
For these reasons, the number of Channel Spedifia ®ords will usually be less than the
number of samples. Figui®-23depicts the generic packet data structure for ¥ da
subchannels and a single sampling schedule that leegyth N. Note that the width of the
structure is not related to any number of bits ignderely presented to show the relative
placement of words within the packet.

PACKET HEADER

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M

SAMPLE 1
SAMPLE 2
SAMPLE N
PACKET'TRAILER
Figure 10-23. Generic Analog Data Packet, Format 1
T The Packet Header Time in an Analog Data Packéit ctraespond
NOTE to the first data sample in the packet. Therenartntra-Packet
Headers in Analog Data Packets.
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10.6.5.1 _Analog Packet Channel Specific Dathe Packet Body portion of each Analog
Packet begins with the Channel Specific Data WordEach subchannel that is sampled within
the packet sampling schedule must have a ChaneelffspData word within the packet.
Channel Specific Data words for Analog Data Packetsformatted as shown in Figure-24

msb Isb
31 28 27 24 23 16 15 8 7 21 0
RESERVED| FACTOR TOTCHAN SUBCHAN LENGTH MODE

Figure 10-24. Analog Data Packets, Channel SpeD#i@ word format.

where:

Bits 1-0: Mode indicates alignment and packing modes of théogndata. Bit
0 is the packing bit, bit 1 is the alignment bit£Xlon’t care). When
Totchan (defined below) is more than 1, the Modste the same
for all subchannels in a single packet.

X0 = data is packed
01 = data is unpacked, Isb padded
11 = data is unpacked, msb padded

Bits 7-2: Length: indicates a binary value representing the nurobabits in the
analog to digital converter (A/D).

000000 = sixty-four bit samples
000001 = one bit samples

001006 = eight bit samples

00110(5 = twelve bit samples

Bits 15-8: _Subcharindicates a binary value representing the numbtreo
analog subchannel. When an analog packet cordatasrom more
than one subchannel, the Channel Specific Datasvorgst be
inserted into the packet in ascending subchanmabeu as identified
by this Subchan field. The Subchan values in tid¥snnel Specific
Data words need not be contiguous (see Totcharthbytmust be in
ascending decimal numerical order with the excepti@t subchannel
0 (256) is last.

0x01 = Subchannel 1
0x02 = Subchannel 2

0x00 :.Subchannel 256
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Bits 23-16: _Totchan:indicates the total number of analog subchaninetse
packet (and the number of Channel Specific Datalsvor the packet).
This Totchan field must be the same value in allii@tel Specific Data
words in a single packet. The Totchan value malgggthan the
largest subchan value. This can happen when a&amaltinel analog
input device has some of its subchannels disalleded off) for a
specific recording. For example, if an analog ingevice has eight
subchannels and not all eight are active, an arddtg packet may
have three subchannels (Totchan = 3) numberedafd/8 (enabled
Subchan =4, 7, 8.) The number of subchannelsligol) and the
subchannel number for each active subchannel (Supdh a packet
are identified in the accompanying TMATS (CompuB&nerated
Data, Format 1) packet.

0x00 = 256 subchannels
0x01 = 1 subchannel
0x02 = 2 subchannels

Bits 27-24: _Factor is the exponent of the power of 2 sampling fattor
denominator for the corresponding subchannel (destin10.6.5.2
in the range 0 to 15. (The sampling rate factor enattor is always 1.)

0x0 = sampling rate factor denominat8r=21 => factor = 1/1
0x1 = sampling rate factor denominatdr=22 => factor = 1/2
0x2 = sampling rate factor denominatér=24 => factor = 1/4

OXF = éampling rate factor denominatdr 2 32768 => factor =
1/32768

Bits 31-28: _Reserved

10.6.5.2 _Analog Sampledo preserve timing relationships and allow focwgrate

reconstruction of the data, a simultaneous sampglihgme shall be employed. The highest
sampling rate required shall define the primaryuianeous sampling rate within the packet.
The primary simultaneous sampling rate is idertdifiethe Telemetry Attributes Transfer
Standard (TMATS) file describing the attributeghid analog data packet. The rate at which the
other subchannels are sampled is then definedeébgaimpling factor (1, 1/2, 1/4, 1/8, 1/186,

...... 1/32768) for each subchannel. As an examplempbng factor of 1/4 would yield that
subchannel being sampled at one-fourth the prirsianyltaneous sampling rate and a sampling
factor of 1 would yield that subchannel being sadt the primary simultaneous sampling
rate.

Directly following the Channel Specific Data worjj(at least one complete sampling
schedule shall be inserted in the packet. The emnwithin the sampling sequence, may be
inserted either unpacked, MSB-Packed, or LSB-Paekedkscribed in paragraff.6.5.2.1and
10.6.5.2.2 In either case, one or more subchannels maycheled in a single packet. When
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multiple subchannels are encapsulated into a spag&et, the subchannel with the highest
sampling rate requirement defines the primary siamélous sampling rate. The rate at which the
other subchannels are sampled is defined by thplsanfactor (contained within the Channel
Specific Data words). Sampling factors are defiasd

( 1 oXx
22K

K=0,1,2,3,4,5, ... of the primary simultanesampling ratex.

where:

The subchannels are then sampled and orderedtsatdiné highest sample rate:

1 * X subchannel(s) appear in every simultaneous sample,

@j OX in every 2nd simultaneous sample,

(ﬂ OX in every 4th simultaneous sample

and so on until all the subchannels are sampledltieg in a complete sampling schedule of all
subchannels described by the Channel Specific Datds. In doing so, the total number of
simultaneous samples (not the total number of seshwlill equal the denominator of the
smallest sampling factor and all subchannels arpkal in the last simultaneous sample.

For example, a packet with six subchannels with @iaug Factors 1/2, 1/8, 1, 1/2, 1, and
1/8, respectively, will yield a sampling sequendthin the data packet as follows:

Subchannel 3
Subchannel 5

Simultaneous Sample 1:
Simultaneous Sample 1:

Subchannel 1
Subchannel 3

Simultaneous Sample 2:
Simultaneous Sample 2:

Simultaneous Sample 2:
Simultaneous Sample 2:

Simultaneous Sample 3:
Simultaneous Sample 3:

Simultaneous Sample 4:
Simultaneous Sample 4:
Simultaneous Sample 4:
Simultaneous Sample 4:

Simultaneous Sample 5:
Simultaneous Sample 5:

Subchannel 4
Subchannel 5

Subchannel 3
Subchannel 5

Subchannel 1
Subchannel 3
Subchannel 4
Subchannel 5

Subchannel 3
Subchannel 5
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Simultaneous Sample 6:
Simultaneous Sample 6:
Simultaneous Sample 6:
Simultaneous Sample 6:

Simultaneous Sample 7:
Simultaneous Sample 7:

Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:
Simultaneous Sample 8:

Subchannel 1
Subchannel 3
Subchannel 4
Subchannel 5

Subchannel 3
Subchannel 5

Subchannel 1
Subchannel 2
Subchannel 3
Subchannel 4
Subchannel 5

Simultaneous Sample 8: Subchannel 6

Notice that the denominator of the smallest samgpactor defined the number of
simultaneous samples within the packet (in thisrgpla 8). However, the total number of
samples within the sampling schedule does not ttaegual the number of simultaneous
samples (in this example 26). Also notice thasabichannels are sampled during the last
simultaneous sample. The order of the subchamameples in each Simultaneous Sample is
ascending by subchannel number.

Any number oftcomplete sampling schedules may be placed within a pack#iat the
maximum packet length is not exceeded. The TMASdentifies the number of samples
contained within each packet.

10.6.5.2.1 _Unpacked Modén Unpacked Mode, packing is disabled, and sachple is

padded with the number of bits necessary to alég evord with the next 16-bit boundary in the
packet. Four pad bits are added to 12-bit wordbt @ad bits are added to 8-bit words, etc. All
pad bits shall be zero.

To illustrate msb packing, given M analog subch&meapping into N samples for the

special case of all samples having bit lengths2dbiis, the resultant analog packets with msb
padding have the form shown in Figl@-25
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msb Isb
15 0
PACKET HEADER

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 31€)
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 316)

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M (BITS 1530
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M (BITS 314)

4-PAD BITS SAMPLE 1, 12-DATA BITS
4-PAD BITS SAMPLE 2, 12-DATA BITS
4-PAD BITS SAMPLE 3, 12-DATA BITS
4-PAD BITS | SAMPLE N, 12-DATA BITS
PACKET-TRAILER

Figure 10-25. Analog Data Packet — msb Unpackedév

To illustrate Isb packing, given M analog subchasngapping into N samples for the
special case of all samples having bit lengths2dfiis, the resultant analog packets with Isb
padding have the form shown in Figu@-26

msb Isb
15 0
PACKET HEADER

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 150
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 316)
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 316)

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL m (BITS 316)

SAMPLE 1, 12-DATA BITS 4-PAD BITS

SAMPLE 2, 12-DATA BITS 2-PAD BITS

SAMPLE 3, 12-DATA BITS 4-PAD BITS

SAMPLE N, 12-DATABITS | 2-PAD BITS
PACKET TRAILER

Figure 10-26. Analog Data Packet — Isb Unpadkede.
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10.6.5.2.2 _Packed Modén packed mode, packing is enabled and paddingtiadded to each
data word. However, if the number of bits in tlaelket are not an integer multiple of 16, then
‘Y’ Filler bits will be used to msb fill the lastada word to force alignment on a 16-bit boundary.
'Y’ is sixteen (16) minus the integer remaindetothe total number of data bits in the packet,
divided by 16 and is mathematically expressed as

Y =16 — (MODULUS{L,16})
To illustrate msb filling, given M analog subchalsnmapping into N samples for the

special case of all samples having bit lengths2dfiis, the resultant analog packets with Filler
bits at the end of the Nth sample have the formvshia Figurel0-27

msb Isb
15 0
PACKET HEADER

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 1 (BITS 316)
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL 2 (BITS 31€)

CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M (BITS 15)0
CHANNEL SPECIFIC DATA WORD, SUBCHANNEL M (BITS 314)

SAMPLE 2 (BITS 3-0) SAMPLE 1 (BITS 11-0)

SAMPLE 3 (BITS 7-0) SAMPLE 2 (BITS 11-4)

Y FILLER BITS SAMPLE N (BITS 11-0)
PACKET.TRAILER

Figure 10-27. Analog Data Packet — Packed Meabxex.

10.6.6 _Discrete Data Packets, Formatlpacket with Discrete data has the basic atrect
shown in Figurel0-28 Note that the width of the structure is not tedato any number of bits.
This drawing is merely to show the relative placetr# data in the packet. One to 32 discrete
states may be recorded for each event.
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PACKET HEADER

CHANNEL SPECIFIC DATA
INTRA-PACKET HEADER FOR EVENT 1
EVENT 1 STATES
INTRA-PACKET HEADER FOR EVENT 2
EVENT 2 STATES

INTRA-PACKET HEADER FOR EVENT N
EVENT N STATES

PACKET TRAILER

Figure 10-28. General Discrete Data Packet, Bbfim

10.6.6.1 _Discrete Packet Channel Specific DatadNV@he Packet Body portion of each
Discrete Packet begins with the Channel Specifim®ard, which is shown in Figufé-29

msb Isb
31 8 7 32 0
RESERVED LENGTH MODE
Figure 10-29. Discrete packet Channel Specifi@a@atrd format.
where:

Bits 2-0:  Modeindicates the mode of accessing the discrete data.
Bit 0 indicates the Record State.

0 = discrete data is recorded when the state ckange
1 = discrete data is recorded on a time intervaisba

Bit 1 indicates the alignment of the data.

0=Isb
1 =msb

Bit 2 is reserved

Bits 7-3: Length:indicates a binary value representing the number
of bits in the event.

Bits 31-8: Reserved
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10.6.6.2 _Discrete DataAfter the Channel Specific Data, the Discretéala inserted in the
packet. Discrete data is described as Events@&if+30. Each event includes the Event State
for each discrete input and the corresponding-paieket time. The event state is a 32-bit word
that provides the logical state of each discrgpetin

msb Isb
31 30 1 @
D31 | D30 D1 | DO

Figure 10-30. Discrete Data Event State word format
where:

Bits 31-0:  Discrete Event Bitendicate the states of the discrete event bits.

Bit 0 indicates Discrete 0 (DO) state.

0 = discrete O is at state 0.
1 =discrete 0 is at state 1.

Bit 1 indicates Discrete 1 (D1) state.

0 = discrete 1 is at state 0.
1 =discrete 1 is at state 1.

Bit 31 indicates Discrete 31 (D31) state.

0 = discrete 31 is at state 0.
1 = discrete 31 is at state 1.

10.6.6.2.1 _Discrete Event Intra-Packet Head¥dl discrete events shall include an Intra-Packe
Header consisting of an Intra-Packet Time Stamp,awhich is inserted immediately before the
discrete event. The length of the Intra-Packetdde#s fixed at 8 bytes (64-bits) positioned
contiguously in the sequence shown in Figure 10-31.

msb Isb
31 15 12 11 @
TIME (LSLW)
TIME (MSLW)

Figure 10-31. Discrete Event Intra-Packet DMeader.
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10.6.6.2.1.1 _Intra-Packet Time Staniphis frame (8 bytes) indicates the time taghef t
discrete event shown in Figut®-32 First long word bits 31-0 and second long waitd 81-0
indicate the following values:

« The Relative Time Counter that corresponds toitlsedata bit of the discrete
event with bits 31 to 16 in the second long woni Aéled; or

e Time, if enabled by bit 7 in the Packet Header &lgmragraph 10.6.1.1.7),
corresponds to the time format indicated by bitgm@& 3 in the Packet Secondary
Header Time format (paragrafB.6.1.1.7 and to the first data bit of the discrete
event.

msb Isb
15 0

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 15-0)

CHANNEL SPECIFIC DATA (BITS 31-16)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 15-0)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 31-16)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 47-32)
INTRA-PACKET TIME STAMP FOR EVENT 1 (BITS 63-48)

STATES FOR EVENT 1 (BITS 15-0)
STATES FOR EVENT 1 (BITS 31-16)

INTRA-PACKET TIME STAMP FOR EVENT n (BITS 15-0)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 31-16)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 47-32)
INTRA-PACKET TIME STAMP FOR EVENT n (BITS 63-48)
STATES FOR EVENT n (BITS 15-0)
STATES FOR EVENT n (BITS 31-16)

PACKET TRAILER

Figure 10-32. Discrete Data — Packet format.

10.6.7 _Computer Generated Data PackP&ckets with Computer Generated data (Meta,
ASCII) have the basic structure shown in Figl@e33 Formats 0 and 1 are used to add
information packets to recorded data. This infdramacontains annotation data and setup
information for the data that is recorded. Not the width of the structure is not related to any
number of bits. This figure merely representsrtiative placement of data in the packet.
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PACKET HEADER
CHANNEL SPECIFIC DATA
INFORMATION PACKET CONTENTS

PACKET TRAILER

Figure 10-33. General Computer Generated Dat&d® format.

10.6.7.1 _Computer Generated Packet Channel 8pBeifa Word The Packet Bodyortion of
each Computer Generated Data Packet begins witthémenel Specific Data word, which is
formatted as shown in Figui®-34

msb Isb
31 0

RESERVED

Figure 10-34. Computer Generated Data Packet - i&h&pecific Data word format.

10.6.7.2 _Computer Generated Packet Datfter the Channel Specific Data, the Computer
Generated Data is inserted in the packet. Thenarg&on and content of the Computer
Generated Data is determined by the specific fotypst. There are no Intra-Packet Headers
with Computer Generated Data Packets.

10.6.7.2.1 _Format 0 — User Defined Daformat O enables the insertion of user-defined,
Computer Generated Data (Meta, ASCII).

10.6.7.2.2 _Format 1 — Setup Recor@®rmat 1 defines a setup record that descrhzes t
hardware, software, and data channel configuratsaa to produce the other data packets in the
file. The organization and content of a Formaefuf Record is IAW with IRIG 106 Chapter 9
TMATS standard. It is mandatory for a TMATS rectwdoe utilized to configure the solid-state
recorder. A Format 1 Computer Generated Data Packeaining the TMATS record utilized

to configure the recorder shall be the first padketach data file.

10.6.8 _ARINC-429 Data Packets, Format@ata shall be packetized in Word Mode: each 32-
bit word of an ARINC-429 bus shall be preceded ibyrara-Packet Header containing an Intra-
Packet Data Header only with an identifier (ID WORBDBat provides type and status
information. The Intra-Packet Header does notaiaordn Intra-Packet Time Stamp. The packet
time in the packet header is the time of the RINC data word in the packet, and the time of
successive ARINC data words is determined fronfiteeword time using the gap times in the
ID words that precede each of the data words. iMaltvords of multiple ARINC-429 buses can
be inserted into a single packet. The resultacketa shall have the format indicated in Figure
10-35
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msb Isb
15 0
PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 15-0)
CHANNEL SPECIFIC DATA (BITS 31-16)
ID WORD FOR DATAWORD 1
ID WORD FOR DATAWORD 1
ARINC-429 DATA WORD 1 (BITS 15-0)
ARINC-429 DATA WORD 1 (BITS 31-16)
ID WORD FOR DATA WORD 2
ID WORD FOR DATA WORD 2
ARINC-429 DATA WORD 2 (BITS 15-0)
ARINC-429 DATA WORD 2 (BITS 31-16)

ID WORD FOR DATA WORD n
ID WORD FOR DATA WORD n
ARINC-429 DATA WORD n (BITS 15-0)
ARINC-429 DATA WORD n (BITS 31-16)
PACKET TRAILER

Figure 10-35. ARINC-429 Data Packet format.

c—

NOTE Time tagging of ARINC-429 shall correspond to tistfdata
i bit of the packet.

= 2

10.6.8.1 _ARINC-429 Packet Channel Specific DatardlV The Packet Body portion of each
ARINC-429 data packet shall begin with a ChannelcHjfr Data word formatted as shown in
Figure10-36

msb Isb
31 16 15 0
RESERVED | MSGCOUNT

Figure 10-36. ARINC 429 Packet Channel SpecificaD&brd format.
where:

Bits 15-0: _Message count (MSGCOUNTindicates the binary value of the
number of ARINC-429 words included in the packet.

Bits 31-16: Reserved
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10.6.8.2 _Intra-Packet Data Head®&its 31-0 contain the ARINC-429 ID WORD. Each
ARINC-429 bus data word is preceded by an ideutiitc word and the bit definitions are as
shown in Figurel0-37.

msb Isb
31 24 23 22 21 20 19 0
SUBCHANNEL-1 FE| PE| BS RS GAP TIME

Figure 10-37. ARINC 429 ID Word bit definitions.

where:

Bits 19-0: _Gap Timecontains a binary value that represents the igap t
from the beginning of the preceding bus word tolteginning of
this bus word in 0.1 microsecond increments. Tagetgne of the
first word in the packet is GAP TIME = 0. Beforgal time for
packet data reaches 100 milliseconds, a new paukst be

started.

Bit 20: Reserved

Bit 21: ARINC-429 Bus (B¥indicates which ARINC-429 bus the data is
from.

0 = Indicates Low-Speed ARINC-429 bus (12.5 kHz).
1 = Indicates High-Speed ARINC-429 bus (100 kHz).

Bit 22: Parity Error (PEindicates an ARINC-429 parity error.

0 = No parity error has occurred.
1 = Parity error has occurred.

Bit 23: Format Error (FEindicates an ARINC-429 format error.

0 = No Format Error Has Occurred.
1 = Format Error Has Occurred.

Bits 31-24: _Subchannéhdicates a binary value that defines the ARIN®@-42
channel number belonging to the following data wof means
first channel. Maximum 256 ARINC-429 words canpbeced in
one packet.

10.6.8.3 _ARINC-429 Packet Data WordSRINC-429 data words shall be inserted into the
packet in the original 32-bit format as acquirezhirthe bus.

10.6.9 _Message Data Packets, Formatie data from one or more separate serial
communication interface channels can be placedam@ssage data packet as shown in Figure
10-38
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msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 15-0)

CHANNEL SPECIFIC DATA (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 15-0)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 31-16)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 47-32)

INTRA-PACKET TIME STAMP FOR MSG 1 (BITS 63-48)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 15-0)

INTRA-PACKET DATA HEADER FOR MSG 1 (BITS 31-16)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

INTRA-PACKET TIME STAMP FOR MSG n (BITS 15-0)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 31--16)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 47-32)

INTRA-PACKET TIME STAMP FOR MSG n (BITS 63-48)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 15-0)

INTRA-PACKET DATA HEADER FOR MSG n (BITS 31-16)

BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

PACKET TRAILER

Figure 10-38. Message Data Packet format.

10.6.9.1 _Message Packet Channel Specific DatalWbine packet body portion of each
Message Data Packet begins with a Channel Sp&atia word. It defines if the Packet Body
contains several short messages (tgpeplete or one segment of a long message (type:

segmented

10.6.9.1.1 _Complete Message Channel Specific Batal The Channel Specific Data word is
formatted for the Completype of packet body as shown in Figd@& 39

msb
31

18 17 16 15

Isb
0

RESERVED

TYPE

COUNTER

Figure 10-39. Complete Message Channel Specifia Béord Format.
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where:

Bits 15-0:

Counter contains a binary value that represents the eummb
messages included in the packet.

Bits 17-16: _Type indicates the type of Serial Packet.

00 = One or more complete messages.
01 = Reserved.
10 = Reserved.
11 = Reserved.

Bits 31-18: Reserved

10.6.9.1.2 _Segmented Message Channel Specife\Watd The Channel Specific Data word

is formatted for the Segmented type of packet xghown in Figur&0-4Q

msb
31

Isb
18 17 16 15 0

RESERVED TYPE COUNTER

Figure 10-40. Segmented type of Packet Body GHle®pecific Data Word format.

where:

Bits 15-0:

Countercontains a binary value that represents the segmanber of
a long message. The number must start with 1jarsd be
incremented by one after each packet. The maxitength of a
single long message can be 4 Gbytes (combinedtheétti 6-bit
Message Length field, sparagraph 10.6.9.2.2umber of messages
included in the packet.

Bits 17-16: _Type indicates the type of Serial Packet.

00 = Reserved.

01 = Packet is a beginning of a long message fragingle source.
10 = Whole packet is the last part of a long mesd$eam a single
source.

11 = Whole packet is a middle part of a long messegm a single
source.

Bits 31-18 Reserved
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10.6.9.2. _Message Data Intra-Packet Headdter the Channel Specific Data, Message Dmta
inserted into the packet. Each Message is predegled Intra-Packet Header that has both an
Intra-Packet Time Stamp and an Intra-Packet Dataletecontaining a Message ID Word. The
length of the Intra-Packet Header is fixed at 1#28y96-bits) positioned contiguously in the
sequence shown in Figut€-41

msb Isb
31 15 0
TIME (LSLW)
TIME (MSLW)
MESSAGE ID WORD

Figure 10-41. Message Data Intra-Packet Header.

10.6.9.2.1 _Intra-Packet Time Stamphis frame (8 bytes) indicates the time taghef Message
Data. First long word bits 31-0 and second longdamits 31-0 indicate the following values:

. The Relative Time Counter that corresponds toitlsedata bit in the message
with bits 31 to 16 in the second long word zertedi| or

. Time, if enabled by bit 7 in the Packet Header §lgmragraph 10.6.1.1.7),
corresponds to the time format indicated by biém@ 3 in the Packet Secondary
Header Time format (paragraff.6.1.1.7 and to the first data bit in the Message.

10.6.9.2.2 _Intra-Packet Data Head&he Intra-Packet Data Headgman identification word
(Message ID Word) that precedes the message amskited into the packet with the format
shown in Figurel0-42

msb Isb
31 30 29 16 15 0
DE | FE SUBCHANNEL - 1 MESSAGE LENGTH

Figure 10-42. Intra-Packet Data Header format.

where:

Bits 15-0: _Message Lengttrontains a binary value that represents thetteofithe
message in bytes (n) that follows the ID Word. Teximum length of a
message (complete) or a message segment (segmisridd) bytes.

Bits 29-16: _Subchannelcontains a binary value that represents therarbel number
belonging to the message that follows the ID Wohgmthe Channel ID in
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the packet header defines a group of subchandel® means first and/or
only sub-channel.

Bit 30: Format Error (FE used to indicate a protocol error, such asofut-
sequence data or length errors.

0 = No Format Error.
1 = Format Error encountered.

Bit 31: Data Error (DEE used to indicate bad data bits as determiyguihity,
checksums, or CRC words received with the data.

0 = No Data Error has occurred.
1 = Data Error has occurred.

10.6.10 _Video Packets, Format 0 (MPEJG-Eormat O Video Packetses the industry

standard MPEG-2 Main Profile @ Main Level (MP@MIbdaTransport Stream Frames (TSF)
per ISO/IEC 13818-1:2000 (see Tak@6). These two MPEG algorithm features are combined
to produce an encoded video stream, which can tepsnlated using conventional IRIG-106
Chapter 4 PCM techniques. This encapsulation rdethib be specified in this section as it
pertains to Format 0 Mpeg-2 Video Packets

By utilizing MP@ML, which is currently the most comon combination of MPEG-2
profiles and levels, it is possible to code an IRWBO01 recorder picture format without filtering
processes before coding. This will eliminate thechfor proprietary encoding/decoding
(CODEC) filters which would violate the intent af &open” standard and make decoding of the
data difficult without specific knowledge of or &ss to the encoding process.

TABLE 10-6. MP@ML ALGORITHMS

Profile Table Level Table
B-frames YES Maximum Bit Rate 15 Mbps
Chroma format 4:2:0 Buffer Size 1835008 bits

720 samples/lines

Scalability NONE Maximum Sample 576 lines/frame
Density

Intra_ D_C 8.9, 10 bits . 30 frames/s

precision Luminance Sample Rate} 10368000

Horizontal Vector Range| -512:+511.5

Vertical Vector Range
(frame pictures)

-128:+127.5
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A packet with Format 0 MPEG-2 Video data has th&dstructure shown in Figure
10-43 Note that the width of the structure is not tedeto any number of bits. This figure
merely represents the relative placement of dathdarpacket.

PACKET HEADER

CHANNEL SPECIFIC DATA

FRAME DATA

FRAME DATA

FRAME DATA

FRAME DATA

PACKET TRAILER

Figure 10-43. General MPEG-2 Video Packet, Fofinat

10.6.10.1 _Video Packet AudioNhen recording video using Format 0 MPEG-2 Videa

audio is also required data, audio will be insentgd the TSF per ISO/IEC 13818-3. A separate
analog channel to specifically record audio isrequired as MPEG-2 supports audio insertion
into the TSF. By combining video and audio reaogdibandwidth and memory capacity will be
increased.

10.6.10.2 _Video Packet Channel Specific Data \Wdrde packet body portion of each format
0 MPEG-2 video packet begins with the Channel Sigddata word, which is formatted as
shown in Figurel0-44

msb Isb
31 30 29 28 27 24 23 18 17 0
R | R \ MA \ Ml ‘LOCKST| MODE \ RESERVED

Figure 10-44. Video Packet Channel Specific Datadformat.

where:

Bits 17-0: _Reserved
Bits 23-18: _Mode indicates the Data Packing Mode (1€£6.2.2.1and10.6.2.2.2

Bits 23-20 are reserved.

Bit 19 indicates Packed Data Mode.

10-55



0 = Packed Data Mode not enabled.
1 = Packed Data Mode enabled.

Bit 18 is reserved.

Bits 27-24: Lock Status (LOCKST indicates the lock status of the frame
synchronizer.

Bits 27-26 indicate Minor Frame Status.

00 = Reserved.

01 = Reserved.

10 = Minor Frame Check (after losing Lock).
11 = Minor Frame Lock.

Bits 25-24 indicate Major Frame Status.

00 = Minor Frames only.
01 = Reserved.
10 = Major Frame Check (after losing Lock).
11 = Major Frame Lock.
Bit 28: Minor Frame Indicator (M1 indicates if the first word in the packet is
the beginning of a TSF.
0 = First word is not the beginning of a minomfia
1 = First word is the beginning of a minor frame.
Bit 29: Major Frame Indicator (MA indicates if the first word in the packet
is the beginning of a major TSF.
0 = First word is not the beginning of a majonf
1 = First word is the beginning of a major frame.

Bits 31-30: _Reserved (R

10.6.10.3 _Video Packet Dat# Format O Video Packshall contain an integral number of
Transport Stream Frames (TSFs.) No Intra-Packatlels are inserted in Format O Video Data
Packets (Figur&0-46. The Packet Header time is the time of the MiSF in the packet. The
bit rate of the encoding will be user selectable aithin the MP@ML specification, but the
frame format must be set up as follows for profignanent of the TSF:

a. 94 words per frame (includes sync)
b. 16 bits per word
c. 8 bit sync pattern, 01000111 (0x47)

A TSF is made up of fixed-length 188 byte framestaiming an 8-bit sync pattern or
“sync byte” (starting at bit 0 and ending at bitfthe TSF). The sync bytes value is 01000111
(0x47). The first bit (bit 0) of the first word the PCM frame will be aligned on the first bitt(bi
0) of the TSF sync byte. The rest of the TSF 1&4a thytes will follow as shown in Figi0-45
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msb Isb
15 0

TSF DATABITS 15 TO 8 TSF SYNC BYTEBITS 7TO O
TSF DATABITS 31 TO 16

TSF DATA BITS 1503 TO 1488

Figure 10-45. Format 0 MPEG-2 Video Frame Symt\ord format.

msb Isb
15 0

PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 15-0)
CHANNEL SPECIFIC DATA (BITS 31-16)
TSF DATABITS 15TO 0O
TSF DATABITS 31 TO 16

TSF DATA BITS 1487 TO 1472
TSF DATA BITS 1503 TO 1488
TSF DATABITS15TO 0

TSF DATABITS 31 TO 16

TSF DATA BITS 1487 TO 1472
TSF DATA BITS 1503 TO 1488

REPEAT FOR EACH TSF

PACKET TRAILER

Figure 10-46. Format 0 MPEG-2 Video Data — sanpalcket.

10.6.11 _Image Packets, Format® Format O Image Packshall contain one or more fixed-
length segments of one or more video images (Fif@#47). The Channel Specific Data word
for an image packet identifies the number of segmienthe packet and the portion of the image
or images contained in the packet. If the optidneh-Packet Header is not included with each
segment, the Relative Time Counter in the packatiéeis the time of the first segment in the
packet.
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msb
15

Isb

PACKET HEADER

CHANNEL SPECIFIC DATA (BITS 15-0)

CHANNEL SPECIFIC DATA (BITS 31-16)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 18)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 316)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 432)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT 1 (BITS 648)

BYTE 2

BYTE 1

FILLER (IF n IS ODD)

BYTE n

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 18)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 316)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 432)

OPTIONAL INTRA-PACKET HEADER FOR SEGMENT n (BITS 683)

BYTE 2

BYTE 1

FILLER (IF n IS ODD)

BYTE n

PACKET TRAILER

Figure 10-47. Image Packet, Format O.

10.6.11.1 _Image Packet Channel Specific Data Wdtte Packet Body portion of each Image
Packetbegins with a Channel Specific Data word. It desithe byte length of each segment and
indicates if the Packet Body contains several cetagmages or partial images, and whether or
not the Intra-Packet Data Header precedes eachesegRigurel0-48.

msb
31 30 29 28 27 26

Isb

PARTS SUM IPH

LENGTH

Figure 10-48. Image Packet Channel Specific DatadVftwrmat.

10-58



where:

Bits 26-0:

Bit 27:

Bits 29-28:

Bits 31-30:

Length indicates a binary value that represents the leyigth of each
segment.

Intra-Packet Header (IBHindicates that the Intra-Packet Header
(Time Stamp) precedes each segment of the image.

0 = Intra-Packet Header not enabled.
1 = Intra-Packet Header enabled.

Sum indicates if the packet contains a partial images complete

image, multiple complete images, or pieces fromtiplel images.

00 = Packet contains less than one complete image.
01 = Packet contains one complete image.

10 = Packet contains multiple complete images.

11 = Packet contains multiple incomplete images.

Parts indicates which piece or pieces of the videonfaare contained

in the packet.

00 = Packet does not contains first or last segmokimage.
01 = Packet contains first segment of image.

10 = Packet contains last segment of image.

11 = Packet contains both first and last segmeithafe.

10.6.11.2 _Image Intra-Packet Head@éfter the Channel Specific Data, Format 1 ImBgea is

inserted into the packet. Each block of data i®aplly preceded by an Intra-Packet Header as
indicated by the IPH bit in the Channel Specifitdaord. When included, the Intra-Packet

Header consists

of an Intra-Packet Time Stamp ofhe length of the Intra-Packet Header is

fixed at 8 bytes (64-bits) positioned contiguouslyhe sequence shown in Figur@-49

msb Isb
31 15 0
TIME (LSLW)
TIME (MSLW)

Figure 10-49. Format 1 Image Data Intra-Packeteader.

10.6.11.2.1 _Intra-Packet Time Stamphis frame (8 bytes) indicates the time taghef Format

0 Image DataFirst long word bits 31-0 and Second long word Bits0 indicate the following

values:

« The Relative Time Counter that corresponds toitisedata bit in the first byte
with bits 31 to 16 in the second long word zertedi| or
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« Packet Secondary Header Time Type, if enabled toy ini the Packet Header
Flags (paragraph 10.6.1.1.7), corresponds toithe fiormat indicated by bits 2
and 3 in the Packet Secondary Header Time (paradi@p.1.1.7 and to the first
data bit in the Message.

10.6.12 _UART Data Packets, FormatThe data from one or more separate asynchronous
serial communication interface channels (RS-2324R&E RS-485, etc.) can be placed into a
UART Data Packet as shown in Figur@5Q

msb Isb
15 0

PACKET HEADER
CHANNEL SPECIFIC DATA (BITS 15-0)
CHANNEL SPECIFIC DATA (BITS 31-16)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART 1 (BIS 15-0)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART 1 (BI'B 31-16)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART 1 (BIB 47-32)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART 1 (BI'B 63-48)
UART ID for UART 1 (BITS 15-0)
UART ID for UART 1 (BITS 31-16)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n

(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART n (BIS 15-0)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART n (BI'B 31-16)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART n (BIB 47-32)
(OPTIONAL) INTRA-PACKET DATA HEADER FOR UART n (BI'B 63-48)
UART ID for UART n (BITS 15-0)
UART ID for UART n (BITS 31-16)
BYTE 2 BYTE 1

FILLER (IF n IS ODD) BYTE n
PACKET TRAILER

Figure 10-50. UART Data Packet Format O.

10.6.12.1 _UART Packet Channel Specific Data WBaitmat 0 The Packet Body portion of
each UART Data Packet begins with a Channel Spdbdita word as shown in Figuté-51
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msb Isb
31 30 0

IPH RESERVED

Figure 10-51. UART Packet Channel Specific Data &y&ormat O.

where:

Bits 30-0: Reserved

Bit 31: Intra-Packet Header (IPHindicates that the Intra-Packet Header is
inserted before the UART ID Words.

0 = Intra-Packet Header not enabled.
1 = Intra-Packet Header enabled.

10.6.12.2 _UART Intra-Packet Header, FormatAfter the Channel Specific Data, UART Data
is inserted into the packet. Each block of dafrézeded by an Intra-Packet Header consisting
of the Intra-Packet Time Stamp and a UART ID Wartld-Packet Data Header. The length of
the Intra-Packet Header is fixed at 8 bytes (6d}lgbsitioned contiguously in the sequence
shown in Figurel0-52

msb Isb
31 15 0
TIME (LSLW)
TIME (MSLW)
UART ID WORD

Figure 10-52. UART Data Intra-Packet Data Header

10.6.12.2.1 _Intra-Packet Time Staniphis frame (8 bytes) indicates the time taghef Format
1 Image Data. First long word bits 31-0 and sedond word bits 31-0 indicate the following

values:

* The Relative Time Counter that corresponds toitlsedata bit in the first byte with
bits 31 to 16 in the second long word zero filled;

« Packet Secondary Header Time Type, if enabled toy ioi the Packet Header Flags
(paragraph 10.6.1.1.7), corresponds to the timadoindicated by bits 2 and 3 in the
Packet Secondary Header Time (paragrepb.1.1.7 and to the first data bit in the
Message.
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10.6.12.2.2 _Intra-Packet Data Head&he Intra-Packet Data Header is an identificatiord
(UART ID Word) that precedes the data and is iresemto the packet with the format indicated
in Figure10-53

msb Isb
31 30 29 16 15 0
PE | RESERVED SUBCHANNEL - 1 DATA LENGTH

Figure 10-53. UART Data ID Word format.

where:

Bits 15-0: _Data Lengthindicates a binary value that represents thgtfeaf the
UART data in bytes (n) that follow the UART ID Word

Bits 29-16: _Subchannelindicates a binary value that defines the subicbh
number belonging to the data that follows the UARTWord when
the Channel ID in the packet header defines a godspbchannels.
Zero means first and/or only sub-channel that tiv@iPacket Data
Header is inserted before the UART ID Words.

Bit 30: Reserved

Bit 31: Parity Error (PE indicates a Parity Error.

0 = No Parity Error
1 = Parity Error

10.7 Solid State Recorder Control and Status

10.7.1 _Recorder ControlThe recorder may be controlled by either digcoeintrol/status lines
and/or serial communication ports. The serialrfatee shall consist of both RS-232 and RS-422
full duplex serial communications.

10.7.2 _Communication Portdhe RS-232 and RS-422 serial communication ghradl be
functional simultaneously without requiring selectiof either port. Status requested by either
port shall be returned on both ports. Note thaxpected results may occur if commands are
issued on both ports simultaneously.

10.7.3 _RS-232 PartAn RS-232 port shall be available at the Dowd|Bart.

10.7.4 _CommandsCommands received through the serial commumwicgtorts shall not
override hardwire discrete controls.
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10.7.5 _Status RequestStatus requests received through the serial eoriwation ports shall
not interfere with hardwire controls.

10.7.6 _Serial StatusSerial status shall be provided on either sstetus request or discrete
activation.

10.7.7 _Default InterfaceDefault Interface with user equipment shallizgilthe following
ASCII serial communication protocol:

e 38400 baud
* One start bit
« 8 bhit data
* No parity
* One stop bit

10.7.8 _Serial Commandghe following SSR commands are a subset of gwoRler

Command and Control Mnemonics defined in IRIG Stéadd 06, Chapter 6, section 18, where
additional rules regarding command syntax and cerapperation are also specified, along with
examples showing the use of each command. Thec8®8Rands are simple ASCIlI command
strings delimited by spaces. All commands begihah ASCII period (“.") and, with the single
exception of the .TMATS command, end with a caeiagturn and line-feed terminator

sequence. Tab@15in Chapter 6 summarizes the required commands.

10.7.9 _Required Discrete Control Functiof®equired discrete control functions are noted in
Figure10-54.

Description

RECORD

ERASE

DECLASSIFY

ENABLE

BIT

Figure 10-54. Required Discrete Control Funcion

10.7.9.1 _Control and Status Linels addition to the five contacts for discretetrol, five lines
for indicating status shall be provided. Groundingpntrol line (or causing the indicator line to
go to ground) referenced to the recorder’'s growrdptetes the circuit to activate a function
(Figure10-55.
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10.7.9.1.1 _RECORD CommandActivated by toggle switch (normally closed pios .55
volts or less), this discrete commands the recdalstart recording. Recorder will remain in
this mode until such time as the switch is setammally open position.

10.7.9.1.2 _ERASE CommandActivated by momentary switch (.55 volts orslesinimum
duration of 100 ms), this discrete commands therdsr to erase its user data and file directory
memory provided the enable switch is also activated

10.7.9.1.3 _DECLASSIFY Commandictivated by momentary switch (.55 volts or less
minimum duration of 100 ms), this discrete caubesrécorder to start the declassify procedure
provided the enable switch is also activated.

10.7.9.1.4 _Command ENABLFEActivated by momentary switch (.55 volts orslefor either
ERASE or DECLASSIFY discrete to operate.

10.7.9.1.5 _BIT Command Activated by momentary switch (.55 volts orslgghis discrete
commands the recorder to start the BIT procedure.

10.7.9.1.6 _Record Status\ “record” indication (ON) shall be active ab.golts or less. A
“non-record” indication (OFF) will be an open ciituCurrent limit of 60 milliamps required.

10.7.9.1.7 _BIT StatusA “BIT” indication (ON) shall be .55 volts orde. A “non-BIT”
indication (OFF) will be an open circuit. Currdimit of 60 milliamps required.

10.7.9.1.8 _Fault StatusA “fault” indication (ON) shall be .55 volts ¢gss. A “non-fault”
indication (OFF) will be an open circuit. Currdimit of 60 milliamps required.

10.7.9.1.9 _Erase Status\n “erase” indication (ON) shall be .55 voltsless. A “non-erase
indication (OFF) will be an open circuit. Currdimtit of 60 milliamps required.

10.7.9.1.10 _Declassify Status “declassify” indication (ON) shall be .55 vslbr less. A
“non-declassify” indication (OFF) will be an opeinctiit. No discrete control line shall be
available at the download port. Current limit 6f@illiamps required.

10.7.10 _Voltage Auxiliary voltage output of 28 Vdc shall be pided from the
discrete/control port (250 mA maximum, short citquriotection).

10.7.11 _Status QueryindStatus querying shall be limited to intervals taoexceed two
seconds and not faster than one second.
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28 VDC SSR

NEL RECORD | ND

2 FAULT | ND

p2 BIT I ND

2 ERASE | ND

)22 DECLASSI FY | NDI CATI ON

I RECORD
_I_C BIT
—'—C ERASE
—'—C DECLASSI FY
° 1 ° ENABLE
—-0 O

E=a

Figure 10-55. Discrete Control and Indicatorclional diagram.

10.8 Declassification

10.8.1 _Associated DocumentBocuments such as NSA-130-2, DOD 5200.28 (1a@f)DClI-
116 historically covered declassification guidedifiequirements. These documents focused on
declassification of standard disk and other corivaat memory technologies. With the advent
of advanced, high-density memory technologies,temfdil guidance must be provided. A new
document that addresses various solid state, liskdftbppy disk, RAID, and other storage
media, declassification is being developed undelS$P-9 working group for U.S. Policy.

10.8.2 _Approach The following approaches for declassificatioa emrrently recommended.
The risk that proper declassification has beerceffely implemented will reside ultimately with
the user/customer/program manager. It is beliglvatithe user is the most qualified to
determine the declassification procedures for angnam situation. It is their responsibility to
correctly apply the guidelines to the program iohelcation to optimize the cost/effect while
providing appropriate protection for the data. Ghélelines are planned to be available on the
Internet at Defense Link.

10.8.3 _Algorithm The algorithm to erase secure data is desciibtftk sections below.
During the Secure Erase procedure, all blocks ahamg shall be processed. No block in
memory shall be excluded from Secure Erase protgési any reason.

10.8.3.1 _First EraseEvery memory block on the board is erased. émage failures reported
by memory chips will result in the correspondingpdblock being declared a bad block. In the
event this bad block is not already in the corresiioy board’s bad block table, a new bad block
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entry will be appended onto the board’s bad blatitet Note that this new entry will not have
the Secure Erase flag set.

10.8.3.2 _First Write (0x55 Every memory chip location is recorded with gagtern 0x55. As
each location is written, the data is read bad@rantee that all bits were written to the
expected pattern. Any write failures reportedtoy ¢hips, or any data errors will result in the
corresponding chip/block being declared a bad bldokthe event this bad block is not already
in the corresponding board’s bad block table, a bad/block entry will be appended onto the
board’s bad block table. Note that this new eniitiynot have the Secure Erase flag set.

10.8.3.3 _Second Eras&very memory chip shall be erased. Any eraiberés reported by the
memory chips will result in the corresponding chiptk being declared a bad block. In the
event this bad block is not already in the corresipny board’s bad block table, a new bad block
entry will be appended onto the board’s bad bladt#et. Note that this new entry will not have
the Secure Erase flag set.

10.8.3.4 _Second Write (OXAA Every memory chip location is recorded with ffatern

OxAA. As each location is written, the data isddémck to guarantee that all bits were written to
the expected pattern. Any write failures repotigdhe memory chips, or any data errors will
result in the corresponding chip/block being destlaa bad block. In the event this bad block is
not already in the corresponding board’s bad btabke, a new bad block entry will be appended
onto the board’s bad block table. Note that tlei entry will not have the Secure Erase flag
set.

10.8.3.5 _Third EraseEvery memory location is erased. Any eraseifed reported by the
memory chips will result in the corresponding chiptk being declared a bad block. In the
event this bad block is not already in the corresipay board’s bad block table, a new bad block
entry will be appended onto the board’s bad blad#et. Note that this new entry will not have
the Secure Erase flag set.

10.8.3.6 _Usable Secure Erased Block#l blocks that do not have an entry in the Ibéamtk
table are now considered to be Secure Erased.

10.8.3.7 _Unusable Secure Erased Blodks bad block entry contains the flag indicgtihhas
already been secure erased, this block has altesty Secure Erased and requires no further
processing, since it is known that this block widppged during the previous recording.

10.8.3.8 _Unsecure Bad Block Processi#gboard’'s bad block table may contain bad block
entries that have not previously been Secure Eral$eshy such entries exist, the following steps
are performed on each block.

10.8.3.8.1 _Write Zeros Loopror each page in the block, a pattern of atbzés written to the
page, and the page is checked to determine if aeypected ones (UOs) are found. If any UOs
are found, the page is re-written to all zerosis inocess is repeated up to 16 times. After all
allowed re-writes, the board, chip, and block nurslmé the block containing any remaining
UQs are written to a “Failed Erase Table”.
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10.8.3.8.2 _Write Ones Loogror each page in the block, the page is erdeeall (ones) and
checked to determine if any unexpected zeros (ld&sjound. If any UZs are found, another
erase command is issued to the block. This prdseepeated up to 16 times. After all allowed
erase operations, the board, chip, and block nusmifehe block containing any remaining UZs
are written to the Failed Erase Table.

10.8.3.9 _Failed Erase Table ProcessiAgy remaining entries in the Failed Erase Table
correspond to blocks that cannot be erased. Tlesks may still contain user data and,
therefore, are declared to have failed the SectaseE

A count of the number of bad blocks in the Failedde Table that have not been Secure
Erased is returned as part of the Secure Eraskstegunon-zero count indicates a Secure Erase
failure of at least one block. A command will allthe user to retrieve the Failed Erase Table.
A command will also allow a user to retrieve théadsom such blocks and manually determine
if these blocks can be designated as “Secure Efasednhost cases a single stuck bit will not
compromise any user data and the offending blonkbeamanually declared to be Secure
Erased. If the results of manual inspection adeterminate, the chip containing the failed block
must be removed and destroyed, and the Secure n@sedure must be repeated.

10.8.3.10 _Secure Erase Completithen all blocks are secure erased (no entritfeifrailed
Erase Table), a single file is written that comgliefills the memory. The content of the file is
the ASCII string “Secure Erase” repeated over arat.oThe name of the file in the file table is
“SecureErase.”
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APPENDIX A

FREQUENCY CONSIDERATIONS FOR TELEMETRY

1.0 Purpose

This appendix was prepared with the cooperatiahamsistance of the Range
Commanders Council (RCC) Frequency Management GifeMi&5). This appendix provides
guidance to telemetry users for the most effeatise of the ultra high frequency (UHF)
telemetry bands, 1435 to 1535 MHz, 2200 to 2290 it 2310 to 2390 MHz. Coordination
with the frequency managers of the applicablertegjes and operating areas is recommended
before a specific frequency band is selected ffiven application. Government users should
coordinate with the appropriate Area Frequency Gioator and commercial users should
coordinate with the Aerospace and Flight Test R@tiordinating Council (AFTRCC). A list of
the points of contact can be found in the Natidrdécommunications and Information
Administration's (NTIA)_Manual of Regulations antbPedures for Federal Radio Frequency
Management The manual is dtttp://www.ntia.doc.gov/osmhome/redbook/redbooklhtm

2.0 Scope

This appendix is to be used as a guide by useetemetry frequencies at
Department of Defense (DoD)-related test rangescanttactor facilities. The goal of
frequency management is to encourage maximal usenarimal interference among telemetry
users and between telemetry users and other usties electromagnetic spectrum.

2.1 Definitions The following terminology is used in this append
Allocation (of a Frequency BandEntry of a frequency band into the Table of kbexty

Allocations® for use by one or more radio communication sesvimethe radio astronomy service
under specified conditions.

Assignment (of a Radio Frequency or Radio Frequéiwannel) Authorization given
by an administration for a radio station to usadia frequency or radio frequency channel under
specified conditions.

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

%0 The definitions of the radio services that camperated within certain frequency bands containgtié radio
regulations as agreed to by the member natiortseolinternational Telecommunications Union. Thideas
maintained in the United States by the Federal Conications Commission and the NTIA.

A-1



Certification The Military Communications-Electronics Boar@CEB) process of
verifying that a proposed system complies withahpropriate rules, regulations, and technical
standards.

J/IF 12 Number The identification number assigned to a systgrthb MCEB after the
Application for Equipment Frequency Allocation (Mdrm 1494) is approved; for example, J/F
12/6309 (sometimes called the J-12 number).

Resolution Bandwidth The -3 dB bandwidth of the measurement device.

2,2 Modulation methods _ -~ { Deleted: 5

ye o MU VMM L _

2.2.1 _Traditional Modulation MethodsThe traditional modulation methods for aerorcalti
telemetry are Frequency Modulation (FM) and PhaseWation (PM). Pulse Code Modulation
(PCM)/Frequency Modulation (FM) has been the mogiutar telemetry modulatiosince

around 1970 The PCM/FMmethod could also be called filtered ContinuouadehFrequency
Shift Keying (CPFSK). The RF signal is typicallgreerated by filtering the baseband non-
return-to-zero-level (NRZ-L) signal and then fregog modulating aoltage-controlled

oscillator (VCO). The optimum peak deviation i8®times the bit rate and a good choice for a
premodulation filter is a multi-pole linear phadeef with bandwidth equal to 0.7 times the bit
rate. Frequency and phase modulation have a varietyifatde features but may not provide
the required bandwidth efficiency, especially fagtter bit rates.

2.2.2 _Improved Bandwidth EfficiencywWhen better bandwidth efficiency is required th
standard methods for digital signal transmissi@nthe Feher Patented Quadrature Phase Shift
Keying (FQPSK-B and FQPSK-JR), the Shaped Offsetdtature Phase Shift Keying
(SOQPSK-TG), and the Advanced Range Telemetry (ARTlhtinuous Phase Modulation
(CPM). Each of these methods offers constantearly constant, envelope characteristics and
are compatible with non-linear amplifiers with rmral spectral regrowth and minimal
degradation of detection efficiency. The firsteamethods (FQPSK-B, FQPSK-JR, and
SOQPSK-TG) are interoperable and require the usigeadifferential encoder described in

Chapter 2paragrapi?.4.3.1.1 Additional information on this differential encadis contained | Deleted: 2.4.5

in Appendix M All of these bandwidth-efficient modulation metis require the data to be
randomized.

2.3 Other Notations The following notations are used in this appendther references
may define these terms slightly differently.

*  Boggy Bandwidth containing 99 percent of the total pow

e B.sdem Bandwidth containing all components larger th2HhdBm

*  B.sodae Bandwidth containing all components larger tHanpgower
level that is 60 dB below the unmodulated cap@ver

« dBc Decibels relative to the power level of tmenodulated carrier

o fc Assigned center frequency
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3.0  Authorization to Use a Telemetry System

All radio frequency (RF) emitting devices must éapproval to operate in the United
States and Possessions (US&P) via a frequencynassig unless granted an exemption by the
national authority. The NTIA is the President'sigaated national authority and spectrum
manager. The NTIA manages and controls the us-afpectrum by federal agencies in US&P
territory. Obtaining a frequency assignment ineslthe two-step process of obtaining an RF
spectrum support certification of major RF systefesign, followed by an operational frequency
assignment to the RF system user. These stepésatessed below.

3.1 RF Spectrum Support CertificatioAll major RF systems used by federal agenciestmu
be submitted to the NTIA, via the Interdepartmefatio Advisory Committee (IRAC), for
system review and spectrum support certificatioargo committing funds for
acquisition/procurement. During the system revieacess, compliance with applicable RF
standards, and RF allocation tables, rules, anadlaggns is checked. For Department of
Defense (DoD) agencies, and for support of DoDremtd, this is accomplished via the
submission of a DD Form 1494 to the MCEB. Noncadamule with standards, the tables, rules,
or regulations can result in denial of supportjtét support, or support on an unprotected non-
priority basis. All RF users must obtain frequeasgignments for any RF system (even if not
considered major). This assignment is accomplislyeslibmission of frequency use proposals
through the appropriate frequency management sfficgequency assignments may not be
granted for major systems that have not obtainedtsgpm support certification.

3.1.1 _Frequency AllocationAs stated before, telemetry systems must noynopkérate within
the frequency bands designated for their use ilN&t@nal Table of Frequency Allocations.
With sufficient justification, use of other bandsyrat times be permitted, but the certification
process is much more difficult, and the outcomenisertain. Even if certification is granted on
a noninterference basis to other users, the frecyueranager is often unable to grant
assignments because of local users who will getfertence.

3.1.1.1 _Telemetry BandsAir and space-to-ground telemetering is allogatethe UHF bands
1435 to 1535, 2200 to 2290, and 2310 to 2390 Mdmmonly known as the lower-L band, the
lower-S band, and the upper-S bargther mobile bandsuch as 1755-1850 MHean also be
used at many test rangeSince tlese other bands anet considered a standard telemetry band
per this document, potential users must coordjriatadvancewith the individual range(s) and
ensure use of this band can be supported at thecsuangés) and that their technical
requirementwill be met

3.1.1.2 Very High Frequency (VHF) Telemetr{he VHF band, 216-265 MHz, was used for
telemetry operations in the past. Telemetry bavele moved to the UHF bands as of

1 January 1970 to prevent interference to critjgalernment land mobile and military tactical
communications. Telemetry operation in this banstiongly discouraged and is considered
only on an exceptional case-by-case basis.
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3.1.2 _Technical Standard§he MCEB and the NTIA review proposed telemsygtems for
compliance with applicable technical standardsr. the UHF telemetry bands, the current

revisions of the following standards are considexgglicable:

e RCC Document IRIG 106, Telemetry Standards

» MIL-STD-461, Requirements for the Control of Electragnetic Interference Emissions

and Susceptibility

» Manual of Regulations and Procedures for FederdidRarequency Management (NTIA)

Applications for certification are also thorougltlyecked in many other ways including
necessary and occupied bandwidths, modulation cteaistics, reasonableness of output power,
correlation between output power and amplifier tygred antenna type and characteristics. The
associated receiver normally must be specifie@f@renced. The characteristics of the receiver

are also verified.

3.2 Frequency AuthorizationSpectrum certification of a telemetry systenifies that the
system meets the technical requirements for suitdegseration in the electromagnetic
environment. However, a user is not permittechtbate with the telemetry system before
requesting and receiving a specific frequency assemt. The assignment process considers
when, where, and how the user plans to radiate dflthe assignments is tightly scheduled by
and among the individual ranges to make the mdisteaft use of the limited telemetry radio
frequency (RF) spectrum and to ensure that onedases not interfere with other users.

4.0  Frequency Usage Guidance

Frequency usage is controlled by scheduling iratke@s where the tests will be
conducted. The following recommendations are basegood engineering practice for such
usage and is assumed that the occupied bandwidth fits withentelemetry band in all cases.

4.1  Minimum Freqguency Separation 10 10 Mb/s
The minimum required frequency 20 m
separation can be calculated using the T30 ~ ! i o
formula: o 40 / /; w'"k )
8 50 3 N \\ \‘rm’mm
VEARFATR (A o /L A% N {peleted:D
where 70 f ﬂ% \ ?\\{\” [ Deleted: A
© = the minimum required center S rmakzed Frequency- (bitfate s 4)- — — — = — = — =\ N { Deleted: s
frequency separation in MHz \ \\{De,eted: B
::=bit rate of desired signal in Mbjs "o s —rson sowscro] ( Deleted: |
i=bit rate of interfering signal in Mb/s S :
T T A Fn el NERN {Deleted:D
&is determined by the desired signal type | Figure A-1. Spectraof -Mb/s . Deleted: 5
and receiving equipment (Tabte1). CPFSK, ARTM CPM, FQPSK-JR, . * (Deteted:
SOQPSK-TG signals. N -
{ Deleted: A
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JABLE A-1. COEFFICIENTS FOR MINIMUM FREQUENCY SEP ARATION | - {Deleted: 8
CALCULATION

Modulation Type R a, | - {Deleted: A

NRZ PCM/FM 1.0* for receivers with RLC final etmediate 12 | {peteted: 8

: \[ Formatted

(N N N

Frequency (IF) filters
0.7 for receivers with Surface Acoustic WaSa\V) or
digital IF filters

0.5 with multi-symbol detectors (or equivdleevices) | - {eleted: Nova
gggilé_EJTzQPSK_JR 0.45 0.65| - [ Deleted: 0.7** FQPSK-B or -JR
{ Deleted: SOQPSK-TG
ARTM CPM 0.35 0.5
*The minimum frequency separation for typical reees with Resistor-Inductor-Capacitor (RLC) finBlfilters
and NRZ-L PCM/FM signals is the larger of 1.5 tintles actual IF —3 dB bandwidth and the value catead
using the equation above.
The minimum spacing needs to be calculated fora¢ifjyras the desired signal and signal 2 as
the interferer and vice versa. Note that the \safoea, match the —57 dBc points for the four - { Deleted: B
modulation methods shown in Figukel quite closely. It is not surprising that the reegd
frequency spacing from the interferer is directliated to the power spectrum of the interfering
signal. The values fa, are a function of the effective detection filtemwidths and the - { Deleted: A
co-channel interference resistance of the desigethsmodulation method and detector. The
values fora; anda, are slightly conservative for most cases and asshmreceiver being used _ - { Deleted: A
does not have spurious responses that cause aadlititerference. This section was completely- { Deleted: B
rewritten from previous editions of the Telemettar®larddecause addition of new modulation
methods and new receiving equipment rendered thenethod obsolete. The valuessgnda, - { Deleted: A
were determined empirically from the results ofeasive adjacent channel interference testing. - { Deleted: B

L ) )

The main assumptions are as follows:
» The NRZ PCM/FM signals are assumed to be premddaoléttered with a multi-pole
filter with -3 dB point of 0.7 times the bit ratacgthe peak deviation is assumed to be
approximately 0.35 times the bit rate.

» The receiver IF filter is assumed to be no widantt.5 times the bit rate and provides at
least 6 dB of attenuation of the interfering signal

» The interfering signal is assumed to be no more #tadB stronger than the desired
signal.

» The receiver is assumed to be operating in lineatenno significant intermodulation
products or spurious responses are present.
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Examples are shown below:

5 Mb/s PCM/FM and 0.8 Mb/s PCM/FM using a receiwih 6 MHz IF bandwidth for the
5 Mb/s signal (this receiver has RLC IF filters)
1.0*5 + 1.2*0.8 = 5.96 MHz, 1.0*.8 + 1.2*5 = 6.8 MH 1.5*6= 9.0 MHz;
the largest value is 9 MHz and the frequenciesassiggned in 1 MHz steps so the
minimum spacing is 9 MHz

5 Mb/s PCM/EM and 5 Mb/s PCM/EM using a receivéhvé MHz IF bandwidth for the

5 Mb/s signals (these receivers have RLC IF §lteee Figuré-2)
1.0*5 + 1.2*5 = 11 MHz, 1.5*6= 9.0 MHz;
the larger value is 11 MHz and the frequencies assigned in 1 MHz steps so the
minimum spacing is 11 MHz

5 Mb/s PCM/EM and 5 Mb/s PCM/EM using a receivettv MHz IF bandwidth for the
5 Mb/s signal (this receiver has RLC IF filterd Bumulti-symbol detector is used)
0.5*5 + 1.2*5 = 8.5 MHz;
the frequencies are assigned in 1 MHz steps saithienum spacing is 9 MHz

5 Mb/s PCM/FM and 5 Mb/s SOQPSK-TG using a receigln 6 MHz IF bandwidth for
the 5 Mb/s signals (this receiver has RLC IF fitbut a multi-symbol detector is used)
0.5*5 + 0.65*5 = 5.75 MHz, 0.45*5 + 1.2*5 = 8.25H¢;
the largest value is 8.25 MHz and the frequenaiesassigned in 1 MHz steps so the
minimum spacing is 9 MHz

5 Mb/s FQPSK-B and 5 Mb/s ARTM CPM using a receivih 6 MHz IF bandwidth for
the 5 Mb/s signals
0.45*5 + 0.5*5 = 4.75 MHz 0.35*5 + 0.7*5 = 5.8Hz;

the largest value is 5.25 MHz and the frequenadiesiasigned in 1 MHz steps so the
minimum spacing is 6 MHz

10 Mb/s ARTM CPM and 10 Mb/s ARTM CPM (see Figir&)

0.35*10 + 0.5*10 = 8.5 MHz;
the frequencies are assigned in 1 MHz steps smihienum spacing is 9 MHz

-10
-20 Al Ay -20 /
530 i \ f \ 5 -30 .
Q f \ ‘J \‘ a // \ /,' \
e e = » / N |
) h | [ o \
w50 ) ] [ & 50 7 Y \
-60 ’f/ ! yf‘ ‘1‘ ! ! ““ 60 / ’v" \
70 uLN ) JJWJ H{’\ L \V‘M‘x i 70 / "' \
1440.5 1450.5 1460.5 1470.5 1440.5 1450.5 1460.5 1470.5
Frequency (MHz) Frequency (MHz)
Figure A-2. 5 Mb/s PCM/FM signals Figure A-3. 10 Mb/s ARTM CPM
with 11 MHz center frequency signals with 9 MHz center
separation. frequency separation
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4.2  Alternative method for determining frequeseparation In some cases it may be
desirable to set aside a bandwidth for each sigdapendent of other signals. If one uses a

bandwidth factor of 22, for each signal, then one gets a separatiarFof 8"R<+ a*R;and - { Deleted: 8
one gets a more conservative (wider) separatiandha would usingdFo = a*R¢ + a*R; { Formatted
Jbecause the value efis bigger than the value ef for all of these modulation methods. One  {peleted: DF = Bs + Bt
problem with this approach is that it does notudel receivepr detectorcharacteristicand N { Deleted: DF=A"s+8"|
therefore the calculated frequency separationsféea different from those calculated using the\\\{Deleted: 5
formula in section 4.1 :

{ Deleted: A

o

Examples of frequency separation are shown below:

5 Mb/s PCM/EM and 0.8 Mb/s PCM/EM using a receiwéh 6 MHz IF bandwidth for the
5 Mb/s signal (this receiver has RLC IF filters)

1.2*5 + 1.2*0.8 = 6.96 MHz;

the frequencies are assigned in 1 MHz steps smithienum spacing is 7 MHz

5 Mb/s PCM/FM and 5 Mb/s PCM/FM using a receivethvi MHz IF bandwidth for the 5
Mb/s signals (these receivers have RLC IF filters)

1.2*5 + 1.2*5 = 12 MHz;

the frequencies are assigned in 1 MHz steps samithienum spacing is 12 MHz

5 Mb/s PCM/EM and 5 Mb/s PCM/EM using a receivéhvé MHz IF bandwidth for the
5 Mb/s signal (this receiver has RLC IF filterd Bumulti-symbol detector is used)
1.2*5 + 1.2*5 = 12 MHz;
the frequencies are assigned in 1 MHz steps samithienum spacing is 12 MHz

5 Mb/s PCM/FM and 5 Mb/s SOQPSK-TG using a recevighh 6 MHz IF bandwidth for the
5 Mb/s signals (this receiver has RLC IF filterg Bunulti-symbol detector is used)

1.2*5 + 0.65*5 = 9.25 MHz;

the frequencies are assigned in 1 MHz steps smithienum spacing is 10 MHz

5 Mb/s FQPSK-B and 5 Mb/s ARTM CPM using a receiwégh 6 MHz IF bandwidth for the

5 Mb/s signals
0.7*5 + 0.5*5 = 6 MHz;

the frequencies are assigned in 1 MHz steps saithienum spacing is 6 MHz

10 Mb/s ARTM CPM and 10 Mb/s ARTM CPM
0.5*10 + 0.5*10 = 10 MHz;
the frequencies are assigned in 1 MHz steps samithienum spacing is 10 MHz

4.3  Geographical SeparatioGeographical separation can be used to furdderae the
probability of interference from adjacent signals.

4.4 Multicarrier Operation If two transmitters are operated simultaneoaslg¢ sent or received
through the same antenna system, interferenceodngetmodulation is likely at §2-f,) and
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(2f,-f1). Between three transmitters, the two-frequerassibilities exist, but intermodulation
products may exist as well dt ¢ f, - f3), (f; +f5 - f5), and {; + fs - f;), wherefy, f,, andf; represent

the output frequencies of the transmitters. Intetutation products can arise from nonlinearities in
the transmitter output circuitry that cause mixprgducts between a transmitter output signal and
the fundamental signal coming from nearby transrstt Intermodulation products also can arise
from nonlinearities in the antenna systems. Thegsion of intermodulation products is
inevitable, but the effects are generally of conaatly when such products exceed -25 dBm. The
general rule for avoiding third-order intermodutatiinterference is that in any group of transmitter
frequencies, the separation between any pair qfirecies should not be equal to the separation
between any other pair of frequencies. Becauseithal signals have sidebands, it should be
noted that intermodulation products have sidebapdstrally wider than the sidebands of the
individual signals that caused them.

4.5  Transmitter Antenna System Emission TestiRgdiated tests will be made in lieu of
transmitter output tests only when the transmitténaccessible. Radiated tests may still be
required if the antenna is intended to be parheffiltering of spurious products from the
transmitter or is suspected of generating spunwaducts by itself or in interaction with the
transmitter and feed lines. These tests shoulddme with normal modulation.

5.0 Bandwidth

The definitions of bandwidth in this section areversally applicable. The limits shown
here are applicable for telemetry operations inéhemetry bands 1435 to 1535, 2200 to 2290,
and 2310 to 2390 MHz. For the purposes of telgm@tmnal spectral occupancy, the bandwidths
used are the 99-percent power bandwidth and thedB®% bandwidth. A power level of
—25 dBm is exactly equivalent to an attenuatiorheftransmitter power by 55 +2ldg(P) dB
where P is the transmitter power expressed in wattsv bandwidth is actually measured and
what the limits are, expressed in terms of thatsugag system, are detailed in the following
paragraphs.

5.1  Concept The term "bandwidth" has an exact meaning inatibns where an amplitude
modulation (AM), double sideband (DSB), or singlleband (SSB) signal is produced with a
band-limited modulating signal. In systems empigyirequency modulation (FM) or phase
modulation (PM), or any modulation system wherertfeglulating signal is ndiand limited,
bandwidth is infinite with energy extending towato and infinite frequency falling off from
the peak value in some exponential fashion. Inithbre general case, bandwidth is defined as
the band of frequencies in which most of the sigrexdergy is contained. The definition of
"most" is imprecise. The following terms are apglto bandwidth.

5.1.1 _Authorized BandwidthFor purposes of this document, the authorizediWwadth is the
necessary bandwidth required for transmission aocéption of intelligence and does not include
allowance for transmitter drift or Doppler shift.

5.1.2 _Occupied BandwidthThe width of a frequency band such that belosvidhiver and above
the upper frequency limits, the mean powers emitedeach equal to a specified percentage of the
total mean power of a given emission. Unless etlser specified by the International

A-8



Telecommunication Union (ITU) for the appropriatass of emission, the specified percentage
shall be 0.5 percent. The occupied bandwidthsis ehlled the 99-percent power bandwidth.

5.1.3 _Necessary Bandwidth For a Given Class gbfion For a given class of emission, the
width of the frequency band which is just suffidiém ensure the transmission of information at
the rate and with the quality required under spetti€onditions.

5.1.3.1 The NTIA Manual of Regulations and Proceduor Federal Radio Frequency
Managemenstates that "All reasonable effort shall be madedguipment design and operation
by Government agencies to maintain the occupiedwith of the emission of any authorized
transmission as closely to the necessary bandwilth reasonably practicable.”

5.1.3.2 Necessary Bandwidth (DD Form 149%he necessary bandwidth is part of the
emission designator on the DD Form 1494. For teteympurposes, the necessary bandwidth can
be calculated using the equations shown below.atiamps for other modulation methods are
contained in the NTIA Manual of Regulations anddedures for Federal Radio Frequency
Management The necessary bandwidth as calculated belaréasonable bandwidth to use

for telemetry frequency scheduling.

Filtered non-return-to-zero (NRZ) pulse code motiota/frequency modulation (PCM/FM)
B, = 2.4Xbit rate with h=0.7 and premodulation filEandwidth = 0.7 times bit rate.
Example: PCM/FM modulation used to send 5 megalgitssecond using frequency
modulation with 2 signaling states and 1.75 MHzkebeviation; bit rate=5X10)
necessary bandwidth {B= 12 MHz.

Constant envelope offset quadrature phase shifb§eFeher’s patented quadrature phase shift

keying (FQPSK-B, FQPSK-JR) or shaped offset quadegthase shift keying (SOQPSK-TG)
B, = 1.3Xbit rate. Example: SOPQSK-TG modulationdusesend 5 megabits per
second using 4 signaling states; bit rate=5XB = 6.5 MHz.

Advanced Range Telemetry (ARTM) Continuous PhasdWaion (CPM)
B, = bit rate with h=4/16 and 5/16 on alternating bpis; Digital modulation used to
send 5 megabits per second using frequency moduleith 4 signaling states and with
alternating modulation index each symbol; bit r&tét’;B, = 5 MHz.

5.1.4 _Received (or Receiver) Bandwidfhhe received bandwidth is usually the -3 dB
bandwidth of the receiver intermediate frequené&y fection.

5.2 Bandwidth Estimation and Measuremexarious methods are used to estimate or
measure the bandwidth of a signal that is not iamted. The bandwidth measurements are
performed using a spectrum analyzer (or equivalewmice) with the following settings: 30-kHz
resolution bandwidth, 300-Hz video bandwidth, andwax hold detector or averaging. These
settings are different than those in earlier versiof the Telemetry Standard$he settings were
changed to get more consistent results acrossetyaf bit rates, modulation methods, and
spectrum analyzers. The most common measuremdrgstimation methods are described in the
following paragraphs.
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5.2.1 _99-Percent Power Bandwidtfihis bandwidth contains 99 percent of the tptater.

The 99-percent power bandwidth is typically meadwsing a spectrum analyzer or estimated
using equations for the modulation type and bé teged. If the two points that define the edges
of the band are not symmetrical about the assigeatker frequency, their actual frequencies and

difference should be noted. The 99-percent powadkedges of randomized NRZ (RNRZ)
PCM/FM signals are shown in Figuée4 below. TableA-2 presents the 99-percent power
bandwidth for several digital modulation methodsdanction of the bit rate (R).

TABLE A-2. 99PERCENT POWER BANDWIDTHS FOR VARIOUS DIGITAL
MODULATION METHODS

DESCRIPTION 99% POWER BANDWIDTH
NRZ PCM/FN, premod filter BW=0.7RAf=0.35R 116 R
NRZ PCM/FN, no premod filterAf=0.25R 1.18R
NRZ PCM/FN, no premod filterAf=0.35R 1.78R
NRZ PCM/FN, no premod filterAf=0.40R 1.93R
NRZ PCM/FN, premod filter BW=0.7RAf=0.40R 1.57R
Minimum shift keying (MSK), no filter 1.18 R
[FQPSK-B, FQPSK-JR or SOQPSK-TG 0.78 R
|ARTM CPM 0.56 R
5.2.2 _-25 dBm BandwidthThe -25 dBm bandwidth o 37
is the bandwidth containing all components largent | ;. _
-25 dBm. A power level of —25 dBm is exactly 20 ey .
equivalent to an attenuation of the transmitter @ow | g ( :
by 55 + 1&log(P) dB where P is the transmitter powe!’; A o
expressed in watts. The -25 dBm bandwidth limies & /] J "~ g
shown in Figuréd-4. The —25 dBm bandwidth is = [ ™
primarily a function of the modulation method, e Mﬁfﬂ,wfﬂ g

transmitter power, and bit rate. The transmitesign
and construction techniques also strongly influehee
—25 dBm andwidth. With a bit rate of 5 Mb/s and a

'
~
=

Frequency

transmitter power of 5 watts the —25 dBm bandwidth
of an NRZ PCM/FM system with near optimum
parameter settings is about 13.3 MHz, while the —25

Figure A-4. RNRZ PCM/FM

signal.

dBm bandwidth of an equivalent FQPSK-B system muald.5 MHz, and the25 dBm
bandwidth of an equivalent ARTM CPM system is atm8tMHz.
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5.2.3 _Other Bandwidth Measurement Method@&e methods discussed above are the standard
methods for measuring the bandwidth of telemetypals. The following methods are also
sometimes used to measure or to estimate the bdthdefi telemetry signals.

5.2.3.1 Below Unmodulated Carriemlhis method measures the power spectrum withectdo the
unmodulated carrier power. To calibrate the meabsapectrum on a spectrum analyzer, the
unmodulated carrier power must be known. This pdexel is the 0-dB reference (commonly set
to the top of the display). In AM systems, therieapower never changes; in FM and PM
systems, the carrier power is a function of the mtatihg signal. Therefore, a method to estimate
the unmodulated carrier power is required if thelolation cannot be turned off. For most
practical angle modulated systems, the total agoogver at the spectrum analyzer input can be
found by setting the spectrum analyzer's resolwiwh video bandwidths to their widest settings,
setting the analyzer output to max hold, and alhgwthe analyzer to make several sweeps (see
FigureA-3 above). The maximum value of this trace will bgoad approximation of the
unmodulated carrier level. Figufe5 shows the spectrum of a 5-Mb/s RNRZ PCM/FM signal
measured using the standard spectrum analyzengsettiscussed previously and the spectrum
measured using 3-MHz resolution, video bandwiddinsl max hold. The peak of the spectrum
measured with the latter conditions is very clas8-tBc and can be used to estimate the
unmodulated carrier power (0-dBc) in the preserideequency or phase modulation. In practice,
the 0-dBc calibration would be performed first, ati display settings would then be adjusted to
use the peak of the curve as the reference lexdBevel) to calibrate the spectrum measured
using the standard spectrum analyzer settingsh & spectrum analyzer set for a specific
resolution bandwidth, video bandwidth, and detettpe, the bandwidth is taken as the distance
between the two points outside of which the spettuthereafter some number (say, 60 dB)
below the unmodulated carrier power determined abdwhe -60 dBc bandwidth for the 5-Mb/s
signal shown in Figur@-5 is approximately 13 MHz.

The -60 dBc bandwidth of a random NRZ

PCM/FM signal with a peak deviation of 0.35R, |a Z
four-pole premodulation filter with -3 dB corner % /
at 0.7R, and a bit rate greater than orequalto 1 -, y
Mb/s can be approximated by 2-18 /
5724 // Faninicd ""w\
Busosee= {2.78 - 0.3 x logo(R)} xR (A-3) | 7 / / \
. |
where B is in MHz and R is in Mb/s. ,:Z / /M\/ VMW\
-54
Thus the -60 dBc bandwidth of a 5-Mb/s e / ey Ry
RNRZ signal under these conditions would be FREQUENCY (Miz)

approximately 12.85 MHz. The -60 dBc
bandwidth will be greater if peak deviation is
increased or the number of filter poles is
decreased.

Figure A-5. Spectrum analyzer
calibration of 0-dBc level
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5.2.3.2 Below PeakThis method is not recommended

for measuring the bandwidth of telemetry signal;  ©

The modulated peak method, the least accurate| -1 |

measurement method, measures between pointy /ﬁl‘yﬂ\ |

where the spectrum is thereafter XX dB below th ¢ J \

level of the highest point on the modulated 270 N \”/\
spectrum. Figuré-6 shows the radio frequency |z -+ R V \l .
spectrum of a 400-kb/s 8L PCM/PM signal " / v LA f

with a peak deviation of 75and a pre-modulation | _, ~ J \JL
filter bandwidth of 800 kHz. The largest peak hg o M@W ‘ M,
a power level of -7 dBc. In comparison, the 2465 2285 DS ey R 2B
largest peak in Figur&-5 had a power level of -

22 dBc. This 15-dB difference would skew a Figure A-6. Bp PCM/PM

bandwidth comparison that used the peak level in
the measured spectrum as a common reference
point. In the absence of an unmodulated carriesefor calibration, the below peak
measurement is often (erroneously) used and descab a below unmodulated carrier
measurement. Using max hold exacerbates thistefilldurther. In all instances the
bandwidth is overstated, but the amount varies.

signal

5.2.3.3 _Carson's RuleCarson's Rule
is a method to estimate the bandwidth
of an FM subcarrier system. Carson's | sl

Rule states that A

i
N
o

=,

X
=z

304 i

Power (d8c)
\

B =2 x AAf + fray
(A-4) -50 /|
. . . 60 1 / Carson's Rule  —|-
where B is the bandwidtiAf is the N , g
peak deviation of the carrier frequency, 1449.5 0 ey 14515
and fhax is the highest frequency in the
modulating signal. FigurA-7 shows
the spectrum that results when a
12-channel constant bandwidth
multiplex with 6-dB/octave pre-emphasis frequen@duoiates an FM transmitter. The 99-
percent power bandwidth and the bandwidth calcdlating Carson’s Rule are also shown.
Carson's Rule will estimate a value greater tharB8ipercent power bandwidth if little of the
carrier deviation is due to high-frequency energthie modulating signal.

-t -—— 99% BW

Figure A-7. FM/AM signal and Carson’s Rule
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5.2.4 Spectral Equationg he following equations can be used to calculaeRF spectra
for several digital modulation methods with unfitd waveforms? 3% These equations can be
modified to include the effects of filtering.*®

e Random NRZ PCM/FM (valid when#integer, D = 0.5 gives MSK spectrum)

2 2
S(f)= 4 Bga D (coer-cosm() . cosD <Q (A-5)
R |\ mD?- x?)) 1-2cosrDcosX + cod 7D
¢ Random NRZ PSK
()
Bea o L 2
S(f)= DPsa_ N & J -
() R (ﬂx )2 (A-6)
2
¢« Random NRZ QPSK and OQPSK
. 2
S(f): &*M (A—7)

R ()
* Random Bp PCM/FM

msi{”(x4' D)] sir(”(X; D)j psi’2) |
s(fF 22 + 2
4R| 2 n(X-D) (X + D) n(x*- D%)

4 4 2

A(f-f)-nR (A-8)

31|, Korn, Digital CommunicationdNew York, Van Nostrand, 1985.

32M. G. Pelchat, "The Autocorrelation Function @miver Spectrum of PCM/FM with Random Binary
Modulating Waveforms," IEEE Transactionfol. SET-10, No. 1, pp. 39-44, March 1964.

BW. M. Tey,and T. T. Tjhung, "CharacteristafsManchester-Coded FSK," IEEE Transactions on
CommunicationsVol. COM-27, pp. 209-216, January 1979.

S4A. D. Watt, V. J. Zurick, and R. M. Coon,é@uction of Adjacent-Channel Interference Compaos&oim
Frequency-Shift-Keyed Carriers," IRE TransactionsC@mmmunication System¥ol. CS-6, pp. 39-47, December
1958.

E. L. Law, "RF Spectral Characteristics of Ramd®CM/FM and PSK Signals," International Telemeigri
Conference Proceedingsp. 71-80, 1991.
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« Random Bp PCM/PM

L, sin{] i
s B B) L4 ), oz pat - 1), g2 #9
R 7iX 2
%)
where
S(f) = power spectrum (dBc) at frequency f
Bsa = spectrum analyzer resolution bandwidth*
R = bit rate
D = IR
X = 2(f-f)/R
Af = peak deviation
B = peak phase deviation in radians
fe = carrier frequency
e} = Dirac delta function
n =0,11,+2, ...
Q = quantity related to narrow band spectrakpey when 31, 2, 3, ...

Q = 0.99 for Bsa = 0.003 R, G= 0.9 for Bspo = 0.03 R

*The spectrum analyzer resolution bandwidth teras added to the original equations.

5.2.5 Receiver BandwidthReceiver
predetection bandwidth is typically defined as the
points where the response to the carrier before
demodulation is -3 dB from the center frequency
response. The carrier bandwidth response of the
receiver is, or is intended to be, symmetrical aboy
the carrier in most instances. Figéré shows

| |
- =
o N O O

|
N
~

AMPLITUDE (d8)
s
o

the response of a typical older generation 48 |

telemetry receiver with RLC IF filters and a —54]

1 MHz IF bandwidth selected. Outside the stated ~*%s 19 20 22
bandwidth, the response usually falls fairly rapid| FREQUENCY (MHz)

with the response often 20 dB or more below the Figure A-8. Typical receiver
passband response at 1.5 to 2 times the passband RLC IF filter response (-3 dB
response. bandwidth = 1 MHz).
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FigureA-9 shows an overlay of an RLC
IF filter and a surface acoustic wave (SAW) filter.

3
Note that the SAW filter rolls off much more rapjidl 3
than the RLC filter. The rapid falloff outside the gé / \
passband helps reduce interference from nearby g1 / \
channels and has minimal effect on data. “;gi / \\ \
% 1 i

60 65 70 75 80
Frequency (MHz)

— RLC — SAW

—TgoT oY= oorTor

filters

5.2.6 _Receiver Noise Bandwidthror the purpose of calculating noise in the ikegethe
bandwidth must be integrated over the actual sbéffee IF, which, in general, is not a
square-sided function. Typically, the value usmdhbise power calculations is the -3 dB
bandwidth of the receiver.

5.3 Symmetry Many modulation methods produce a spectrumishagymmetrical with
respect to the carrier frequency. Exceptions oheliM/FM systems, randomized NRZ
PCM/FM systems, and randomized FQPSK, SOQPSK-TGARTM CPM systems. The most
extreme case of asymmetry is due to single-sidebandmission, which places the carrier
frequency at one edge of the occupied spectrurthel§pectrum is n@ymmetrical about the
band center, the bandwidth and the extent of asympmmaust be noted for frequency
management purposes.

5.4 FM Transmitters (ac coupledyhe ac-coupled FM transmitters should not bel tise
transmit NRZ signals unless the signals to be iméttesd are randomized because changes in the
ratio of “ones” to “zeros” will increase the occagdibandwidth and may degrade the bit error
rate. When ac-coupled transmitters are used waitlomized NRZ signals, it is recommended
that the lower -3 dB frequency response of thestratter be no greater than the bit rate divided
by 4000. For example, if a randomized 1-Mb/s NiRipal is being transmitted, the lower -3 dB
frequency response of the transmitter should banger than 250 Hz.

6.0  Spectral Occupancy Limits

Telemetry applications covered by this standagdl stse 99-percent power bandwidth to
define occupied bandwidth and -25 dBm bandwidtthegrimary measure of spectral
efficiency. The spectra are assumed symmetricaltate center frequency unless otherwise
specified. The primary reason for controlling spectral occupancy is to control adjacent
channel interference, thereby allowing more usetsetpacked into a given amount of frequency
spectrum. The adjacent channel interference eriohiied by the spectra of the signals and the
filter characteristics of the receiver.
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6.1  Spectral MaskOne common method of describing the spectralmenecy limits is a
spectral mask. The aeronautical telemetry spectask is described below. Note that the mask
in this standard is different than the masks cowefin the earlier versions of the Telemetry
Standards All spectral components larger than —(55 «1&g(P)) dBc, (i.e. larger than

-25 dBm) at the transmitter output must be wittie spectral mask calculated using the
following equation:

M(f)=K +90logR-100l0g f - ff;  |f- =1 (A-10)
m
where
M(f) = power (dBc) at frequency f (MHz)
K = -20 for analog signals
K = -28 for binary signals
K = -61 for FQPSK-B, FQPSK-JR, SOQPSK-TG
K = -73 for ARTM CPM
f. = transmitter center frequency (MHz)
R = bit rate (Mb/s) for digital signals or

(af + f__ J(MHz) for analog FM signals

m = number of states in modulating signal;

m = 2 for binary signals

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

Af

fmax

These bandwidths are measured using a spectrugzanwith settings of 30-kHz
resolution bandwidth, 300-Hz video bandwidth, andwax hold detector or averaging. Note
that these settings are different than those listgaievious editions of the Telemetry Standards
The changes were made to get more consistentgesitlt various bit rates and spectrum
analyzers. The spectra measured with these setiing slightly larger power levels than with

the previous settings; this is why the value of W&s changed from —63 to —61 for FQPS#I - { Deleted: -iike

SOQPSKsignals. The power levels near center frequehoylsl be approximately-310log(R)
dBc where J=10 for ARTM CPM,-12 for FQPSK and SOQPSK-TG, antl5.5 for PCM/FM
signals. For a bit rate of 5 Mb/s, the levels wdooé approximately -17 dBc for ARTM CPM,
-19 dBc for FQPSK, and -22.5 dBc for PCM/FM. léthower levels near center frequency are
not within 3 dB of these values, then a measuremeaitlem exists and the carrier power level
(0 dBc) and spectrum analyzer settings should béead

The -25 dBm bandwidth is not required to be naawthan 1 MHz. The first term “K”
in equation (A-10) accounts for bandwidth differeadetween modulation methods. Equation
(A-10) can be rewritten ad(f) = K — 10logR — 100log|(f:)/R|. When equation (A-10) is
written this way, thé OlogRterm accounts for the increased spectral spreadidgiecreased
power per unit bandwidth as the modulation rateciases. The last term forces the spectral
mask to roll off at 30-dB/octave (100-dB/decad@y error detection or error correction bits,
which are added to the data stream, are countbiisafor the purposes of this spectral mask.
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The spectral masks are based on the power spéetaadom real-world transmitter signals. For
instance, the binary signal spectral mask is bagdtie power spectrum of a binary NRZ
PCM/FM signal with peak deviation equal to 0.35¢#1the bit rate and a multipole
premodulation filter with a -3 dB frequency equalbt7 times the bit rate (see Figurel

above). This peak deviation minimizes the bit erate (BER) with an optimum receiver
bandwidth while also providing a compact RF speutrirhe premodulation filter attenuates the
RF sidebands while only degrading the BER by thévedent of a few tenths of a dB of RF
power. Further decreasing of the premodulatidgarfihandwidth will only result in a slightly
narrower RF spectrum, but the BER will increaserditically. Increasing the premodulation
filter bandwidth will result in a wider RF spectryand the BER will only be decreased slightly.
The recommended premodulation filter for NRZ PCM/Bighals is a multipole linear phase
filter with a -3 dB frequency equal to 0.7 times thit rate. The unfiltered NRZ PCM/FM signal
rolls off at 12-dB/octave so at least a three-fittier (filters with four or more poles are
recommended) is required to achieve the 30-dB/ecstope of the spectral mask. The spectral
mask includes the effects of reasonable comporaigtions (unit-to-unit and temperature).

6.2  Spectral Mask Examples ro
FiguresA-10 andA-11 show the e / \

r

binary spectral mask of equation (A- | 1% |
10) and the RF spectra of 5-Mb/s 26 e
randomized NRZ PCM/FM signals. -30 / \\ A\
The RF spectra were measured using -4 | | -
spectrum analyzer with 30-kHz 50 Al A N
resolution bandwidth, 300-Hz video | -0 -/ .
bandwidth, and no max hold detector| -7 = .
P 1440.5 1450.5 1460.5
The span of the frequency axis is 20 Frequency (MHz) B
MHz. The transmitter power was 5 144U.5 14505 14605
watts, andhe peak deviation was 1750 Frequency (MHz) _|
kHz. The modulation signal for Figure A-LU. Hilterea 5-Mo/is RNKZ PUVI/FM
FigureA-10 was filtered with a 4-pole signal and spectral mask.
linear-phase filter with-3 dB
frequency of 3500 kHz. All spectral
components in Figura-10 were
contained within the spectral mask.
The minimum value of the spectral
mask was-62 dBc (equivalent to
—25 dBm). The peak modulated signa
power levels were about 22.5 dB
below the unmodulated carrier level
(-22.5 dBc). Figuré-11 shows the
same signal with no premodulation
filtering. The signal was not contained
within the spectral mask when a pre- Figure A-11. Unfiltered 5-Mb/s RNRZ
modulation filter was not used. PCM/FM signal and spectral mask.

1%
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FigureA-12 shows the FQPSK/SOQPSK mask of equation (A-10)ta@dRF spectrum
of a 5-Mb/s SOQPSK-TG signal. The transmitter powas assumed to be 5 watts in this
example. The peak value of the SOQPSK-TG signalateut-19 dBc. FigureéA-13 shows a
typical 5-Mb/s ARTM CPM signal and its spectral kadhe peak value of the ARTM CPM

signal was about17 dBc.
0 0
10 // \\ " [
\ R
£-30 830
7\ 7\
LL-SO / \ §.50 // \\
0 / A\ i Jo N
! \ / \
14405 Freq&:ﬁgﬁMHz) 14605 14405 14505 1460.5

Frequency (MHz)

Figure A-12. Typical 5-Mb/s

SOQPSK-TG signal and spectral mask.

Figure A-13. Typical 5-Mb/s ARTM

7.0  Technical Characteristics of Digital ModulationMethods

CPM signal and spectral mask.

TableA-3 provides a summary of some of the technical chariatics of the modulation
methods discussed in this summary.

TABLE A-3. CHARACTERISTICS OF VARIOUS MODULATION M ETHODS.

Characteristic PCM/FM with | PCM/FM with FQPSK-B, ARTM CPM
single symbol | multi-symbol FQPSK-JR, { Deleted: 3
detection detection SOQPSK-TG . {Deleted: 3
OccupiecBandwidth | 116 bitrate | 116 bitrate| 078bitrate | 0.56bitrate |* - {Deleted: 2
Sensitivity l1815+dB | 95dB | 118122dB [ 12.5dB |  {Dpeleted::
(Ex/No for BEP=1e-5) N ‘[ Deleted: 2 -
i [ 100t010,000] . . | 5000030000 30,000t0 |  {Deleted:1
Synchronization time bits 250-bits- - -2== bits - ~ 150,000 bits. 1 5 {Deleted: 5
Synchronization RN \{n leted: 3
to 4 dB dB 45t05dB 8.5dB W (Deeted
threshold evel (o) sl04d8 | 298 . A210568 |- B8 . (Deteteti
ase noise o
0 [ Deleted: 2
susceptibility* 2 . ® ! w \\%D:I:t:d' 4
Co-channel x::;\\\\{
interference 2 1 3 4 i\ Deleted: 1
susceptibility [ Deteted: 2
] { Deleted: 11
* 1=Best, 2=Second Best, 3=Third Best, 4=Worst (
\“ Deleted: 3
(Deleted: 4
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8.0 FQPSK-B and FQPSK-JR Characteristics

Feher's-patented quadrature phase shift
keying® *" (FQPSK-B and FQPSK-JR)
modulations are a variation of offset quadrature
phase shift keying (OQPSK). OQPSK is
described in most communications textbooks.
generic OQPSK (or quadrature or | & Q)
modulator is shown in Figurk-14. In general,
the odd bits are applied to one channel (say Q)
and the even bits are applied to the | channel.

Cos(w.t)

It) }h

Cos(wt +6(t))

Q) s T

Sin(wdt)

If the values of | and Q are +1, we get
the diagram shown in Figufe15. For
example, if I=1 and Q=1 then the phase angle
45 degrees {(1,Q) = (1, 1)}. A constant
envelope modulation method, such as minimurr
shift keying (MSK), would follow the circle
indicated by the small dots in Figuel5 to go
between the large dots. In general, band-limite
QPSK and OQPSK signals are not constant
envelope and would not follow the path
indicated by the small dots but rather would
have a significant amount of amplitude
variation, however FQPSK-B and FQPSK-JR

D

Figure A-14. OQPSK modulator.

Q —_
85 T 5
deg ’_o' -'._(1’1) deg
2
225 ®. ® 315
deg (2D oo |7 D) geg

are nearly constant envelope and essentially
follow the path indicated by the small dots in
FigureA-15.

Figure A-15. | & Q constellation.

%K. Feher et al.: US Patents 4,567,602; 4,644,5881,457; and 5,784,402, post-patent improvensmis

other U.S. and international patents pending.

%7 Kato, Shuzo and Kamilo Feher, “XPSK: A New Crosm€lated Phase Shift Keying Modulation Technique,”

IEEE Trans. Commvol. COM-31, May 1983.
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The typical implementation of FQPSK-B or FQPSK-aRoives the application of data
and a bit rate clock to the baseband processdeaftiadrature modulator. The data are
differentially encoded and converted to | and (halg as described in Chapter 2. The | and Q
channels are then cross-correlated, and specialiaedlets are assembled that minimize the
instantaneous variation of(f) + QX(t)). The FQPSK-B baseband wavelets are illugirate
FigureA-16.

The appropriate wavelet is assembled based oruthent and immediate past states of |
and Q. Q is delayed by one-half symbol (one bithwespect to | as shown in
FigureA-17.

.70

N

Amplitude

-.707 Q >
-1
Figure A-16. FQPSK wavelet eye Figure A-17. FQPSK-B 1&Q
diagram. eye
diagrams (at input to 1Q
modulator).

A common method of looking at I-Q modulation signil called a vector diagram. One
method of generating a vector diagram is to use an
oscilloscope that has an XY mode. The vector diagr
is generated by applying the | signal to the X irgmd
the Q signal to the Y input. A sample vector déemgrof
FQPSK-B at the input terminals of an 1-Q modulasor
illustrated in FiguréA-18. Note that the vector diagram
values are always within a few percent of beingon
circle. Any amplitude variations may cause spéctra
spreading at the output of a non-linear amplifier.

Figure A-18. FQPSK-B
vector diagram.
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FigureA-19 illustrates a nearly ideal

FQPSK-JR spectrum (blue trace) and an 0

FQPSK-JR spectrum with moderately large 10

modulator errors (red trace). These spectra ;20 T

were measured at the output of a fully %-30 // \\\

saturated RF non-linear amplifier with a g4 y \

random pattern of “1's” and “0's” applied to 50 7 S

the input. The bit rate for Figude-19 was 5 60 \\
-70

Mb/s. The peak of the spectrum was ; s . os )
approximately-19 dBc. The 99-percent Relative Frequency (Bt Rate=1)
bandwidth of FQPSK-B is typically about
0.78 times the bit rate. Note that with a

properly randomized data sequence and Figure A-19. 5 Mb/s FQPSK-JR

proper transmitter design, FQPSK-B does spectrum with random input data and

not have significant sidebands (blue trace). small (blue) and large (red) modulator
errors.

FigureA-20 illustrates an FQPSK-B -
transmitter output with all “0's” as the input 0
signal. With an all “0's” input, the differential
encoder, cross-correlator, and wavelet selector
provide unity amplitude sine and cosine waves
with a frequency equal to 0.25 times the bit rate
to the | and Q modulator inputs. The resulting | 1 P T
signal (from an ideal modulator) would be a b o alized Frequency (Bit =)
single frequency component offset from the
carrier frequency by exactly +0.25 times the bit
rate. The amplitude of this component would be
equal to 0 dBc. If modulator errors exist (they
always will), additional frequencies will appear
in the spectrum as shown in Figue20. The
spectral line at a normalized frequency of 0 (earfiequency) is referred to as the remnant
carrier. This component is largely caused by DBalances in the | and Q signals. The remnant
carrier power in Figuréd-20 is approximately -31 dBc. Well designed FQPSKrdhsmitters
will have a remnant carrier level less than -30.dBbe spectral component offset, 0.25 times
the bit rate below the carrier frequency, is theeosideband. This component is largely caused
by unequal amplitudes in | and Q and by a lackuafjature between | and Q. The power in
this component should be limited+80 dBc or less for good system performance.

N
o

|
|
|

sy

A
S

Power (dBc)

&
1=}

-

-
S

A -

Figure A-20. FQPSK-B spectrum
with all 0’s input and large
modulator errors.

FigureA-21 shows the measured bit error probability (BEP}usrsignal energy per
bit/noise power per Hz (o) of two FQPSK-JR modulator/demodulator combination
including non-linear amplification and differentecoding/decoding in an additive white
Gaussian noise environment (AWGN) with no fadif@ther combinations of equipment may
have different performance. Phase noise levelsenithan those recommended in Chapter 2 can
significantly degrade the BEP performance. Compsitaulations have shown that a BEP of
10° may be achievable with an/H, of slightly greater than 11 dB (with differential
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encoding/decoding). The purpose of the
differential encoder/decoder is to resolve th
phase detection ambiguities that are inherent
in QPSK, OQPSK, and FQPSK modulation
methods. The differential encoder/decoder
used in this standard will cause one isolated
symbol error to appear as two bits in error at
the demodulator output. However, many
aeronautical telemetry channels are
dominated by fairly long burst error events,

D

and the effect of the differential
encoder/decoder will often be masked by the Figure A-21. FQPSK-JR BEP vsy/Ho.
error events.

5 Mb/s FQPSK-JR

9.0 SOQPSK-TG Characteristics.

SOQPSK is a family of constant
envelope continuous phase modulation (CPM
waveforms defined by Mr. T. Hifl 394041
The details of SOQPSK-TG are described in
paragraphs 2.4.3.2 and 2.4.3.2.1 of this

document. The SOQPSK-TG signal amplitude 8 Y oo @) 1

is constant and the phase trajectory is D= ]
determined by the coefficients in Tal2el. e A . " ©
Therefore, SOQPSK-TG can be implemented Bit number

using a precision phase or frequency modulator

with proper control of the phase trajectory. ]

FigureA-22 illustrates the measured phase Figure A-22. Measured SOQPSK-
trajectory of an SOQPSK-TG signal. The TG phase trajectory

vertical lines correspond approximately to the

“bit” decision times.

3 Hill T., “An Enhanced, Constant Envelope, IntenaiBe Shaped Offset QPSK (SOQPSK) Waveform for
Improved Spectral Efficiency”, Proceedings of theetnational Telemetering Conference, San Diegéfd@aia,
October 2000.

% Younes B., Brase J., Patel C., Wesdock J., “Areéssient of Shaped Offset QPSK for Use in NASA Space
Network and Ground Network Systems”, Meetings oh€§ldtative Committee for Space Data Systems, Taglou
France, October, 2000.

“ Geoghegan, M., “Implementation and PerformanceiRetor Trellis Detection of SOQPSK”, Proceedirghe
International Telemetering Conference, Las Vegaada, October 2001.

“1 Simon, M., Bandwidth-Efficient Digital Modulationith Application to Deep Space Communications
Monograph number 3, DESCANSO Monograph Series,PB#ilication 00-17, Jet Propulsion Laboratory,
California Institute of Technology, 2001. This fioation is available free via the Internet:
http://descanso.jpl.nasa.gov/Monograph/series3/teteth pdf(note: do not use WWW prefix for this URL).
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The power spectrum of a random 5 Mb
SOQPSK-TG signal is shown in Figuke23.
The-60 dBc bandwidth of this 5 Mb/s signal
was about 7.34 MHz. Note that the maximum
power level is about -19 dBc.
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Relative Frequency (Bit Rate=1)

FigureA-24 shows the measured bit error
probability (BEP) versus signal energy per
bit/noise power per Hz ¢iNo) of two SOQPSK-
TG modulator/demodulator combinations
including non-linear amplification and differential
encoding/decoding in an additive white Gaussiar
noise environment (AWGN) with no fading. Othe
combinations of equipment may have different
performance. Phase noise levels higher than thg
recommended in Chapter 2 can significantly

1E-01
1E-02

1E-04

1E-05

=

1E-06

1E-07

"~

degrade the BEP performance.

Figure A-23. SOQPS-TG Power

Spectrum (5 Mb/s).

5Mb/s SOQPSK-TG

8 10 12 14
Eb/No (dB)

10.0 Advanced Range Telemetry (ARTM)
CPM Characteristics.

Figure A-24. BEP versus,f,
performance of 5 Mb/s SOQPSK-

TG.

ARTM CPM is a quaternary signaling
scheme in which the instantaneous frequency
of the modulated signal is a function of the
source data stream. The frequency pulses ar
shaped for spectral containment purposes. A
defined for this standard, the modulation inde
alternates at the symbol rate between h=4/16
and h=5/16. The purpose of alternating
between two modulation indices is to

A

/

/ \
/

/ Al

-0.5 0 0.5
Relative Frequency (Bit Rate=1)

1

maximize the minimum distance between dat
symbols, which results in minimizing the bit
error probability. These particular modulation

Q

TIYUTS 7Y O T OVTST O SOt

Mb/s

ARTM CPM.

oT

indices were selected as a good tradeoff betwesttrap efficiency and data-detection ability.
FigureA-25 shows the power spectrum of a 5 Mb/s ARTM CPM aigmd FigureA-26 shows
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the measured BEP versug,. The

maximum power level was about9
dBc. The -60 dBc bandwidth of this 5

Mb/s signal was about 5.54 MHz. Note

that the power spectrum of ARTM
CPM is about 25% narrower than that
of SOQPSK-TG but the BEP
performance is worse. ARTM CPM is
also more susceptible to phase noise
than SOQPSK-TG.

5 Mb/s multi-h CPM

.= > - -
rfT=Y P S —
e e
11.0 PCM/FM 1E-06 | | | | | | |
07! ! i ! i ! !
Pulse code modulation 1 0(7) .
(PCM)/frequency modulation (FM) has .
been the most popular telemetry .
modulation since about 1970. This | Y s o e W A
method could also be called filtered = [ |
continuous phase frequency shift keying 8 ,w"'M { VW“\
(CPFSK). The RF signal is typically 50 P ' Y
generated by filtering the baseband non- -60 Jﬂ
return-to-zero-level (NRZ-L) signal and 70 e 4
then frequency mOdU|ating a VOltage * - -I;elati\;g'irequé)ncy (B(i)t'sRate:%) e 2
controlled oscillator (VCO). The
optimum peak deviation is 0.35 times
the bit rate (h=0.7) and a good choice for

a premodulation filter is a multi-pole
linear phase filter with bandwidth equal

Figure A-27. Power spectrum of 5 Mb/s
PCM/FM signal.

to 0.7 times the bit rate. Figufe27 shows the power spectrum of a pseudo-random 5 Mb/s
PCM/FM signal with peak deviation of 1.75 MHz an8.&8 MHz linear phase low-pass filter.
Note that the spectrum is nearly flat from a fretpyeequal to-0.5 times the bit rate to a
frequency equal to +0.5 times the bit rate. Thegrdevel near the center frequency is about —
22.5 dBc for a bit rate of 5 Mb/s and the standgelctrum analyzer settings.
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FigureA-28 shows the BEP versus
Ew/N, performance of 5 Mb/s PCM/FM
with a multi-symbol bit detectaand

with 3 different receivers/detectors

Note that an N, of about % dB is

- { Deleted: 4

required to achieve a BEP of about®10!
with the multi-symbol detectér

while an B/N, of about 120 14dBis __ { eteted: or

typically required to achieve a BEP of "6 8 10 12 14 15 | {peleted:13

about 10 with typical FM Eb/No (dB)
demodulators and single symbol [—rt " Multi-symbol — R2 —rs
detectors. The PCM/FM modulation

method is fairly insensitive to phase i
noise. Figure A-28. BEP versus,/®, performance

of 5 Mb/s PCM/FM with multi-symbol bit
detector and three single symbol
receivers/detectors.

2 0sborne W.P., Luntz M.B., “Coherent and NoncoheBatection of CPFSK”, IEEE Transactions on
Communications, August 1974.

“ Geoghegan M.S., “Improving the Detection Efficigré Conventional PCM/FM Telemetry by using a Multi
Symbol Demodulator”, Proceedings of the 2000 Iraéomal Telemetry Conference, Volume XXXVI, 675-682
San Diego CA, October 2000.
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APPENDIX B
USE CRITERIA FOR FREQUENCY DIVISION MULTIPLEXING
1.0 General

Successful application of frequency division npléiking telemetry standards depends on
recognition of performance limits and performaneel¢offs, which may be required in
implementation of a system. The use criteria idetuin this Appendix are offered in this
context as a guide for orderly application of ttendards, which are presented in Chapter 3. Itis
the responsibility of the telemetry system desidoneselect the range of performance that will
meet data measurement requirements and at thetsaenpermit operation within the limits of
the standards. A designer or user must also rézmgime fact that even though the standards for
FM/FM multiplexing encompass a broad range of pemtce limits, tradeoffs such as data
accuracy for data bandwidth may be necessary. hadaalues for such parameters as
frequency response and rise time are listed t@#@teithe majority of expected use and should
not be interpreted as inflexible operational limitsmust be remembered that system
performance is influenced by other consideratiath s hardware performance capabilities. In
summary, the scope of the standards together hétluse criteria is intended to offer flexibility
of operation and yet provide realistic limits.

2.0 FM Subcarrier Performance

The nominal and maximum frequency response o$dibearrier channels listed in Tables
3-1A, 3-1Band3-1Cand Table-2is 10 and 50 percent of the maximum allowable atévn
bandwidth. The nominal frequency response of Hanels employs a deviation ratio of five.
The deviation ratio of a channel is one-half théngel deviation bandwidth divided by the
cutoff frequency of the discriminator output filter

2.1  The use of other deviation ratios for any ef slabcarrier channels listed may be selected
by the range users to conform with the specifiadasponse requirements for the channel. As a
rule, the rms signal-to-noise ratio (SNR) of a $iechannel varies as the three-halves power of
that subcarrier deviation ratio.

2.2 The nominal and minimum channel rise timescaidid in Table8-1A, 3-1B and3-1C

and Table3-2 have been determined from the equation whichsstht rise time is equal to 0.35
divided by the frequency response for the nomindlmaximum frequency response. The
equation is normally employed to define 10 to 9fceet rise time for a step function of the
channel input signal. However, deviations fronsthealues may be encountered because of
variations in subcarrier components in the system.
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3.0 FM Subcarrier Performance Tradeoffs

The number of subcarrier channels that may be sisealtaneously to modulate an RF
carrier is limited by the RF channel bandwidth agdhe output SNR that is acceptable for the
application at hand. As channels are addedniécessary to reduce the transmitter deviation
allowed for each individual channel to keep theraltenultiplex with the RF channel
assignment. This reduction lowers the subcardaretise performance at the discriminator
inputs. Thus, the system designer's problem determine acceptable tradeoffs between the
number of subcarrier channels and acceptable sidretr-noise ratios.

3.1  Background information relating to the levepefformance and the tradeoffs that may
be made is included in Telemetry FM/FM Basebandcgire Studyvolumes | and II; which - comment [VR1]: The RCC cannot
were completed under a contract administered by éhemetry Working Group of the IRIG in = (0
1965. The results of the study show that propoali®andwidth channels with center
frequencies up to 165 kHz and constant bandwidéimieils with center frequencies up to 176
kHz may be used within the constraints of thesedstalds. The test criteria included the
adjustment of the system components for approxisatpial SNRs at all of the discriminator
outputs with the receiver input near RF threshdidermodulation, caused by the radio-link
components carrying the composite multiplex siglimits the channel's performance under
large signal conditions.

3.2 With subcarrier deviation ratios of four, chahdata errors on the order of 2 percent rms
were observed. Data channel errors on the ordempefcent rms of full-scale bandwidth were
observed when subcarrier deviation ratios of twoeveamployed. When deviation ratios of one
were used, it was observed that channel-data ezxoeeded 5 percent. Some channels showed
peak-to-peak errors as high as 30 percent. It beisimphasized, however, that the results of the
tests performed in this study are based on speu#ithods of measurement on one system
sample and that this system sample representgjaeioonfiguration of components. Systems
having different performance characteristics mayyield the same system performance.

3.3  System performance may be improved, in ternigetiér data accuracy, by sacrificing
system data bandwidth; that is, if the user isimglto limit the number of subcarrier channels in
the multiplex, particularly the higher frequencyaohels, the input level to the transmitter can be
increased. The SNR of each subcarrier is thendwgal through the increased per-channel
transmitter deviation. For example, the basebamidtsire study indicated that when the 165-
kHz channel and the 93-kHz channel were not indudehe proportional-bandwidth multiplex,
performance improvement can be expected in theinémgachannels equivalent to
approximately 12 dB increased transmitter power.

3.4  Likewise, elimination of the five highest fremcy channels in the constant bandwidth
multiplex allowed a 6-dB increase in performance.

3.5 A general formul&! which can be used to estimate the thermal noifempeance of an
FM/FM channel above threshold, is as follows:

44 K.M. Uglow,. Noise and Bandwidth in FM/FM Radio TelemettRE Transaction on Telemetry and Remote
Control,” (May 1957) pp 19-22.
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where:

() = discriminator output signal-to-noise ratio (rudtage ratio)
d

S . . . . .
(— = receiver carrier-to-noise ratio (rms voltageaja

N C
Be = carrier bandwidth (receiver IF bandwidth)
Fud = subcarrier discriminator output filter: 3-dEfjuency

fs = subcarrier center frequency
fdc = carrier peak deviation of the particular subiearnf interest

fds = subcarrier peak deviation

If the RF carrier power is such that the thernmsa is greater than the intermodulation
noise, the above relation provides estimates attwavithin a few decibels. Additional
information is contained in RCC Document 1T8emetry Applications Handbook.

3.6 The FM/FM composite-multiplex signal used todulate the RF carrier may be a
proportional-bandwidth format, a constant-bandwfdtimat, or a combination of the two types
provided only that guard bands allowed for chanoséd in a mixed format be equal to or
greater than the guard band allowed for the sarmpri in an unmixed format.

4.0 FM System Component Considerations

System performance is dependent on all componethe system. Neglecting the
effects of the RF and recording system, data cHawoairacy is primarily a function of the
linearity and frequency response of the subcaoseillators and discriminators employed.
Systems designed to transmit data frequencies tietoominal frequency responses shown in
Tables3-1A, 3-1Band3-1Cand3-2 have generally well-known response capabilites]
reasonable data accuracy estimates can be easil. nfr@r data-channel requirements
approaching the maximum frequency response of $8bl&\, 3-1B and3-1C and3-2, oscillator
and discriminator characteristics are less contisted less well-defined, making data accuracy
estimates less dependable.

4.1  The effect of the RF system on data accurapyinisarily in the form of noise because of
intermodulation at high RF signal conditions wdlbsae threshold. Under low RF signal
conditions, noise on the data channels is increbseduse of the degraded SNR existing in the
receiver.
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4.2  Intermodulation of the subcarriers in a sysieraused by characteristics such as amplitude
and phase nonlinearities of the transmitter, rexeimagnetic tape recorder/reproducer, or other
system components required to handle the multigiigmal under the modulation conditions
employed. In systems employing pre-emphasis ofifper subcarriers, the lower subcarriers may
experience intermodulation interference becausbeflifference frequencies of the high-
frequency and high-amplitude channels.

4.3  The use of magnetic tape recorders for recgrdiaubcarrier multiplex may degrade the
data channel accuracy because of the tape spdegtddes or variations between record and
playback. These speed errors can normally be cosaped for in present discriminator systems
when the nominal response rating of the channemgloyed and a reference frequency is
recorded with the subcarrier multiplex.

5.0 Range Capability For FM Subcarrier Systems

The following subparagraphs outline additionalgecapabilities:
5.1 Receivers and Tape Recordefsie use of subcarrier frequencies greater thHeiH2 may
require tape recorders of a greater capability #rarin current use at some ranges. lItis

recommended that users, who anticipate employiggathe above channels at a range, check
the range's capability at a sufficiently early datellow procurement of necessary equipment.

5.2  Discriminator Channel Selection Filtedniclusion of the higher frequency proportional-
bandwidth channels and the constant-bandwidth eiHamnay require the ranges to acquire
additional band selection filters. In additiorréderencing Table8-1A, 3-1B and3-1C, and3-2
for acquiring channel-selector filters, considematshould also be given to acquiring
discriminators corresponding to the predetectionaafrequencies shown in Tale6. In
applications where minimum time delay variationhaitthe filter is important, such as tape
speed compensation or high-rate PAM or PCM, constelay filter designs are recommended.




APPENDIX C

PCM STANDARDS (ADDITIONAL INFORMATION AND
RECOMMENDATIONS)

1.0 Bit Rate Versus Receiver Intermediate-FrequencBandwidth

The following subparagraphs contain informationtselection of receiver
intermediate-frequency (IF) bandwidths. Additiomdbrmation is contained in RCC document
119, Telemetry Applications Handbook.

1.1  The standard receiver IF bandwidth valuesisted in Tabl2-1. Not all bandwidths are
available on all receivers or at all test rang&dditional bandwidths may be available at some
test ranges. The IF bandwidth, for data receiv@rsuld typically be selected so that 90 to 99
percent of the transmitted power spectrum is with@greceiver 3-dB bandwidth.

1.2 For reference purposes, in a well-designed F@Mystem (NRZ-L data code) with
peak deviation equal to 0.35 times the bit rateamtF bandwidth (3 dB) equal to the bit rate, a
receiver IF signal-to-noise ratio (SNR) of approately 13 dB will result in a bit error
probability (BEP) of 18. A 1-dB change in this SNR will result in appnmsitely an order of
magnitude change in the BEP. The relationship @etwBEP and IF SNR in a bandwidth equal
to the bit rate is illustrated in Figué& 1 for IF bandwidths equal to the bit rate and Infet the
bit rate. An approximate expression for the BEP is

BEP = 0.5&<SNR (C-1)
where:
k =-0.7 for IF bandwidth equal to bit P T ————
rate V02 X IF Bandwidth = 1.0 times Bit Rote
k = -0.65 for IF bandwidth equal to 1.2 ]
times bit rate 16-03 3

k = —-0.55 for IF bandwidth equal to 1.5
times bit rate
SNR = IF SNReIF bandwidth/bit rate.

1E-04

16-05 4

Bit Error Probability

Other data codes and modulation 16-06 ]
techniques have different BEP versus SNR ]
performance characteristics. TS 7 8 s o 11 1z 13 1
IF SNR (dB) (Bandwidth = Bit Rate)
1.3 Itis recommended that the maximum Figure C-1. BEP vs IF SNR in
period between bit transitions be 64-bit bandwidth = bit rate for NRZ-L
intervals to ensure adequate bit synchronization. PCM/EM.

TableC-1 contains recommended frame
synchronization patterns for general use in PCnteltry.
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2.0 Recommended PCM Synchronization Patterns

TableC-1 contains recommended frame synchronization patfemgeneral use in PCM
telemetry. Patterns are shown in the preferredraptitransmission with "111" being the first bit
sequence transmitted. This order is independedataf being LSB or MSB aligned. The
technique used in the determination of the pattBnnkengths 16 through 30 was essentially that
of the patterns of"binary patterns off a given length, n, for thatt@at with the smallest total
probability of false synchronization over the emirattern overlap portion of the ground station
frame Eg/nchronizatio?ﬁ The patterns for lengths 31 through 33 were abtafrom a second
source.

3.0 Spectral and BEP Comparisons for NRZ and &’

FigureC-2 shows the power spectral densities of baseband MRBip codes with
random data. These curves were calculated usinggbations presented below. FigGr8
presents the theoretical bit error probabilitiessus signal-to-noise ratio for the level, mark, and
space versions of baseband NRZ angl&ides and also for RNRZ-L. The noise is assumed t
be additive white gaussian noise.

‘2

NRZSPECTRAIDENSITY a w (C-2)
(nfT)
v

Big SPECTRALDENSITY o w (C-3)
(7fT 12)

whereT is the bit period.

% A more detailed account of this investigation barfound in a paper by J. L. Maury, Jr. and J.€Styl
"Development of Optimum Frame Synchronization Cddessoddard Space Flight Center PCM Telemetry
Standards," ifProceedings of the National Telemetering Confergdore 1964.

“6 The recommended synchronization patterns for lengt through 33 are discussed more fully in a pap&. R.
Hill, "Techniques for Synchronizing Pulse-Code Mizded Telemetry," ifProceedings of the National
Telemetering ConferencMay 1963.

47 Material presented in paragraph 3.0 is taken facstudy by W. C. Lindsey (University of Southerrlifeania),
Bit Synchronization System Performance CharactéazaModeling and Tradeoff Studylaval Missile Center
Technical Publication.
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TABLE C-1.

OPTIMUM FRAME SYNCHRONIZATION PATTERNS FOR PCM TELEMETRY

Pattern
Length
16

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

Patterns
010 111 001 000 0
100 110 101 000 00
100 110 101 000 000
110 011 001 010 000 0
011 011 110 001 000 00
011 101 001 011 000 000
100 110 110 101 000 000 0
101 011 100 110 100 000 00
110 101 111 001 100 100 000
110 010 110 111 000 100 000 0
110 100 110 101 100 110 000 00
110 101 101 001 100 110 000 000
101 011 110 010 110 011 000 000 0
101 011 110 011 001 101 000 000 00
110 101 111 001 100 110 100 000 000
111 100 110 111 110 101 000 010 000
111 100 110 101 100 101 000 010 000
110 111 010 011 101 001 010 010 011

00
000
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Figure C-2.  Spectral densities of random NRZ angldddes.
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Figure C-3. Theoretical bit error probabilitgrfprmance
for various baseband PCM signaling techniques
(perfect bit synchronization assumed).
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4.0 PCM Frame Structure Examples

Figures C-4, C-5, and C-6 show examples of allde/®CM frame structures. In each
example, the Minor Frame Sync Pattern is countezhasvord in the minor frame. The first word
after the Minor Frame Sync Pattern is word 1.

Figures C-5 and C-6 show the preferred methodaafipg the subframe ID counter in the
minor frame. The counter is placed before therpatars that are referenced to it.

Major Frame Length is as follows:

FigureC-4: Major Frame Length = Minor Frame Maximum
Length.

FigureC-5. Major Frame Length = Minor Frame Maximum
Length multiplied by Z.

FigureC-6. Major Frame Length = Minor Frame Maximum
Length multiplied by Z.

C-5



Minor Frame Maximum Length, N Words or B Bits

Word

Word

Word

Class Il: 16 384 Bits

Word

Word

Class I: Shall not exceed 8192 bits nor edcE)24 words

v

Word | Word | Word | Word | Word Word | Word
1 2 3 4 5 6 7 8 9 10 N-2 N-1
| | | 1
Minor Param| Param| Param| Param| Param| Param| Param| Param| Param| Param Param| Param
Frame A0 Al A2 A3 A4 A2 A5 A6 A2 A7 A2 A(X)
Sync
Pattern

Parameters AQ, Al, A3, A4, A5, A6, ... A(X) arergaled once each Minor Frame.

Parameter A2 is supercommutated on the Minor Frame

The rate of A2 is equal to the number of samplaekiptied by the Minor Frame Rate.

Figure C-4. Major Frame Length = Minor Frame Maxim Length.
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A

Minor Frame Maximum Length, N Words or B Bits

Class I

Shall not exceed 8192 bits nor edcE024 words

Class Il: 16 384 bits

v

Word | Word | Word | Word | Word | Word | Word | Word | Word | Word ce Word | Word
1 2 3 4 5 6 7 8 9 10 N-2 N-1
| | | . |
Minor Frame | SFID FFI Param| Param| Param| Param| Param| Param| Param| Param vee Param | Param
Sync Pattern = A2 B1 A4 A2 A5 A6 A2 C1l A2 A(X)
SFID Param Param
= B2 C2
SFID Param Param
= B3 C3
SFID Param Param
= B4 C4
SFID Param Param
= B2 C5
SFID Param Param
= B5 C6
SFID Param Param
= B6 C7
Param Param
B2 J C(Z-1)
Minor Frame | SFID FFI Param| Param| Param| Param| Param| Param| Param| Param vee Param | Param
Sync Pattern =Z A2 BZ A4 A2 A5 A6 A2 (o¥4 A2 A(X)

The Frame Format Identifier (Word 2) is shown ia preferred position as the first word following b counter.
Parameters B1, B3, B4, B5, . .. BZ, and C1, C2,.C3CZ are sampled once each Subframe, at UWl#pied by the Minor Frame rate.
Parameter B2 is supercommutated on the Subframes aadhpled at less than the Minor Frame rategtmdter than the Subframe rate

Figure C-5. Major Frame Length = Minor Frame MaximLength multiplied by Z.
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Minor Frame Maximum Length, N Words or B Bits

Class I:

Shall not exceed 8192 bits nor eslcE)24 words
Class Il: 16 384 bits

v

Word Word Word Word Word Word Word Word Word Word Word Word
1 2 3 4 5 6 7 8 9 10 N-2 N-1
| | | 1
Minor Frame SFID1 FFI Param | SFID2 | Param | Param | Param | Param | Param Param Param | Param
Sync Pattern = A2 = Bl A2 A5 E1l A2 Cl A2 A(X)
SFID1 SFID2 | Param Param Param
= = B2 E2 C2
SFID1 SFID2 | Param Param Param
= = B3 E3 C3
SFID1 SFID2 | Param Param Param
= = B4 E4 C4
SFID1 SFID2 | Param Param Param
= = B2 E5 C5
SFID1 Param Param
= . B5 - C6
SFID1 SFID2 | Param Param Param
= = B6 ED C7
Param Param
. B2 —] C(Z-1)
Minor Frame SFID1 FFI Param | SFID2 | Param | Param | Param | Param | Param Param Param | Param
Sync Pattern =Z A2 =N BZ A2 A5 EN A2 CZ A2 A(X)

SFID1 and SFID2 and subframe counters.

SFID1 has a depth<2256; SFID2 has a depth D which is <Z. Z dividgdlbis not an integer.
Location of the B and C parameters are given byMimor Frame word number and the SFID1 counter.
Location of the E parameters are given by the Mikrame word number and the SFID2 counter.

Figure C-6.

Major Frame Length = Minor Frame Maximuength multiplied by Z.
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APPENDIX D

MAGNETIC TAPE RECORDER AND REPRODUCER
INFORMATION AND USE CRITERIA

1.0  Other Instrumentation Magnetic Tape Recorder SAndards

The X3B6 Committee of the American National Stadddnstitute and the International
Standards Organizations have prepared severalsstinfbr instrumentation magnetic tape recording.
Documents may be obtained by contacting the Ameiidational Standards Institute
(http://webstore.ansi.org).

1.1 Documentation Applicable to this Appendix i®wh in the following subparagraphs.

1.1.1 ISO 1860 (1986)information Processing - Precision reels for magn&ape used in
interchange instrumentation applications

1.1.2 ISO 6068 (1985)information Processing - Recording characterisifsnstrumentation
magnetic tape (including telemetry systems) rahi@nge requirements

1.1.3 ISO/IEC TR 6371:1989nformation Processing - Interchange practices #&st methods
for unrecorded instrumentation magnetic tape

1.1.4 ISO/IEC 8441/1:1991nformation technology- High Density Digital Recording (HDDR)
- Part 1: Unrecorded magnetic tape for HDDR ajppilins.

1.1.5 ISO/IEC 8441/2:1991nformation technology -- High Density Digital Reding (HDDR)
- Part 2: Guide for interchange practice

1.1.6 ANSIINCITS 175-199919 mm Type ID-1 Recorded Instrumentation -- Digitaksette
Tape Format(formerly ANSI X3.175-1990).

2.0 Double-Density Longitudinal Recording

Wide band double-density analog recording stargdalidwing recording of up to 4 MHz
signals at 3048 mm/s (120 in./s) are included @s¢hstandards. For interchange purposes, either
narrow track widths 0.635 mm (25 mils) must be ayetl, or other special heads must be used.
These requirements are necessary because of ficaltifin maintaining individual head-segment
gap-azimuth alignment across a head close enouggemeach track's response within the +2-dB
variation allowed by the standards. Moreoverhatlbwer tape speeds employed in double-density
recording, the 38-mm (1.5-in.) spacing employethtarlaced head assemblies results in
interchannel time displacement variations betwegthand even tracks that may be unacceptable
for some applications. For those reasons, it veagddd that a 14-track in-line configuration on
25.4-mm (1-in.) tape should be adopted as a stendéris configuration results in essentially the
same format as head number one of the 28-tracitanesl configuration in the standards.
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2.1  The 14-track interlaced heads are not compaith tapes produced on an in-line standard
configuration, and if tapes must be interchangedpas-configuration dubbing may be required, or
a change of head assemblies on the reproducingimeaistnecessary.

2.2 High energy magnetic tape is required for dewgnsity systems. Such tapes are available
but may require special testing for applicatiorquieng a low number of dropouts per track.

2.2.1 Other Track Configurations'he previously referenced standards includeigordtions
resulting in 7, 14, and 21 tracks in addition te 14- and 28-track configurations listed in Chapter
6. The HDDR standards also reference an 84-tranfiguration on 50.8-mm (2-in.) tape. Figure
D-1 and TableD-1 show the 7 track on 12.7-mm (1/2-in.) tape, T&b2 shows the 14 track on
12.7-mm (1/2-in.) tape, and Talle3 shows the 42 track on 25.4-mm (1-in.) tape cométjans.

2.2.2 _High-Density PCM RecordingHigh-density digital recording systems are ala# from
most instrumentation recorder manufacturers. Systems will record at linear packing densities
of 33 000-bits-per-inch or more per track. Spesyatems are available for error detection and
correction with overhead penalties depending ortythe and the sophistication of the system
employed. The HDDR documents listed in paragrapghd this appendix reference six different
systems that have been produced; others are adeailab
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RECORD HEADS REPRODUCE HEADS

000 ' EVEN 00D EVEN
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T2~ W 1]
C 113 L~ HEAD REFERENCE PLANE LT3
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GAP CENTERLINE GAP CENTERLINE

GAP CENTERLINE GAP' CENTERLINE
DIRECTION OF TAPE TRAVEL

Figure D-1. Record and reproduce head and head s¢daeatification and location (7-track interlacggstem).
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TABLE D-1.

DIMENSIONS - RECORDED TAPE FORMAT
7 Tracks Interlaced on 12.7-mm (1/2 in.) Wide Tape

(Refer to Figure 6-1)

Parameters Millimeters Inches
Maximum Minimum
Track Width 1.397 1.143 0.050 +0.005
Track Spacing 1.778 0.070
Head Spacing:
Fixed Heads 38.125 38.075 1.500 +0.00
Adjustable Heads 38.151 38.049 1.500 +0.00p
Edge Margin, Minimum 0.127 0.005
Reference Track
Location 1.067 0.965 0.040 +0.002
Track Location
Tolerance 0.051 -0.051 +0.002
Location of nth track
Track Number Millimeters Inches
Maximum Minimum
1 (Reference)  0.000 0.000 0.000
2 1.829 1.727 0.070
3 3.607 3.505 0.140
4 5.385 5.283 0.210
5 7.163 7.061 0.280
6 8.941 8.839 0.350
7 10.719 10.617 0.420




TABLE D-2.

DIMENSIONS - RECORDED TAPE FORMAT
14 Tracks Interlaced on 12.7-mm (1/2 in.) Wide Tape

(Refer to Figure 6-1)

Parameters Millimeters Inches
Maximum Minimum
Track Width 0.660 0.610 0.025 +0.001
Track Spacing 0.889 0.035
Head Spacing:
Fixed Heads 38.125 38.075 1.500 +0.001
Adjustable Heads 38.151 38.049 1.500 =0.002
Edge Margin, Minimum 0.127 0.005
Reference Track
Location 0.546 0.470 0.0200 +0.001
Track Location
Tolerance 0.038 -0.038 +0.0015
Location of nth track
Track Number Millimeters Inches
Maximum Minimum
1 (Reference) 0.000 0.000 0.000
2 0.927 0.851 0.035
3 1.816 1.740 0.070
4 2.705 2.629 0.105
5 3.594 3.518 0.140
6 4.483 4.407 0.175
7 5.372 5.292 0.210
8 6.261 6.185 0.245
9 7.150 7.074 0.280
10 8.039 7.963 0.315
11 8.928 8.852 0.350
12 9.817 9.741 0.385
13 10.706 10.630 0.420
14 11.595 11.519 0.455




TABLE D-3. DIMENSIONS - RECORDED TAPE FORMAT
42 Tracks Interlaced on 25.4-mm (1-in.) Wide Tape

(Refer to Figure 6-1)

Parameters Millimeters Inches
Maximum Minimum
Track Width 0.483 0.432 0.018 +0.001
Track Spacing 0.584 0.023
Head Spacing:
Fixed Heads 38.125 38.075 1.500 +0.001
Adjustable Heads 38.151 38.049 1.500 =0.002
Edge Margin, Minimum 0.305 0.012
Reference Track
Location 0.737 0.660 0.0275 %0.015
Track Location
Tolerance 0.025 -0.025 +0.0000
Location of nth track
Track Number Millimeters Inches
Maximum Minimum
1 (Reference) 0.000 0.000 0.000
2 0.610 0.559 0.023
3 1.194 1.143 0.046
4 1.778 1.727 0.069
5 2.362 2.311 0.092
6 2.946 2.896 0.115
7 3.531 3.480 0.138
8 4.115 4.064 0.161
9 4.699 4.648 0.184
10 5.283 5.232 0.207
11 5.867 5.817 0.230
12 6.452 6.401 0.253
13 7.036 6.985 0.276
14 7.620 7.569 0.299
15 8.204 8.153 0.322
16 8.788 8.738 0.345

(Continued on next page)




TABLE D-3 (cont'd.)
42 Tracks

DIMENSIONS - RECORDED TAPE FORMAT
Interlaced on 25.4-mm (1-in.) Wide Tape
(Refer to Figure 6-1)

Track Number

17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42

Location of nth track

Millimeters Inches
Maximum Minimum
9.373 9.322 0.368
9.957 9.906 0.391
10.541 10.490 0.414
11.125 11.074 0.437
11.709 11.659 0.460
12.294 12.243 0.483
12.878 12.827 0.506
13.462 13.411 0.529
14.046 13.995 0.552
14.630 14.580 0.575
15.215 15.164 0.598
15.799 15.748 0.621
16.383 16.332 0.664
16.967 16.916 0.667
17.551 17.501 0.690
18.136 18.085 0.713
18.720 18.660 0.736
19.304 19.253 0.759
19.888 19.837 0.782
20.472 20.422 0.805
21.057 21.006 0.828
21.641 21.590 0.851
22.225 22.174 0.874
22.809 22.758 0.897
23.393 23.343 0.920
23.978 23.927 0.943
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3.0 Serial HDDR

The following subparagraphs give some backgroondélecting the bi-phase and
RNRZ-L systems specified in subparagr&phl.3 Chapter 6 of this document.

3.1  Serial HDDR is a method of recording digitaladan a magnetic tape where the digital
data is applied to one track of the recording sysds a bi-level signal. The codes recommended
for serial HDDR recording of telemetry data arg@Biand randomized NRZ-L (RNRZ-L) (refer

to paragrapl6.11, Chapter 6).

3.2 In preparing paragraph 6.11 of Chapter 6, dHevfing codes were considered: Delay
Modulation (Miller Code), Miller Squared, Enhandd®&Z, NRZ Level, NRZ Mark, and NRZ
Space. These codes are not recommended for iategerapplications at the bit rates given in
paragraph 6.11.

3.3 The properties of the 8L and RNRZ-L codes relevant to serial HDDR andrtethods
for generating and decoding RNRZ-L are described. nRecording with bias is required for
interchange applications, because reproduce ammpiifiase and amplitude equalization
adjustments for tapes recorded without bias usulfigr from those required for tapes recorded
with bias.

3.4  The Bip-L and RNRZ-L codes were selected for this stantbaghuse the "level"
versions are easier to generate and are usualhalesas outputs from bit synchronizers.
"Mark" and "Space" codes also have about twice @syrerrors as the level codes for the same
SNR. If polarity insensitivity is a major considéon, agreement between interchange parties
should be obtained before these codes are used.

3.5  Some characteristics of thepRi code favorable to serial HDDR are listed in the
following subparagraphs.

3.5.1 Only a small proportion of the total signaéegy occurs near dc.
3.5.2 The maximum time between transitions is & pdriod.

3.5.3 The symbols for one and zero are antipotiat;is, the symbols are exact opposites of
each other. Therefore, the bit error probabilgysus SNR performance is optimum.

3.5.4 The Bp-L can be decoded using existing bit synchronizers.

3.5.5 The Bp-L is less sensitive to misadjustments of bias r@pdoducer equalizers than most
other codes.

3.5.6 The Bp-L performs well at low tape speeds and low bigsat
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3.6  The most unfavorable characteristic of thg-Bicode is that it requires approximately
twice the bandwidth of NRZ. Consequently, the maxin bit packing density that can be
recorded on magnetic tape is relatively low.

3.7 Characteristics of the RNRZ-L code which fasuse for serial HDDR are included in
the following subparagraphs.

3.7.1 The RNRZ-L requires approximately one-hadf blandwidth of Bp-L.

3.7.2 The symbols for one and zero are antipolatgefore, the bit error probability versus
SNR performance is optimum.

3.7.3 The RNRZ-L decoder is self-synchronizing.

3.7.4 The RNRZ-L data can be bit synchronized agubs conditioned using existing bit
synchronizers with the input code selector setRZNL.

3.7.5 The RNRZ-L code is easily generated and dstod

3.7.6 The RNRZ-L data can be easily decoded imetherse mode of tape playback.

3.7.7 The RNRZ-L data are bit detected and decoded) a clock at the bit rate. Therefore,
the phase margin is much larger than that of ctitsequire a clock at twice the bit rate for bit
detection.

3.7.8 The RNRZ-L code does not require overhead bit

3.8 Unfavorable characteristics of the RNRZ-L céateserial HDDR are described next.

3.8.1 Long runs of bits without a transition aregible although the probability of occurrence
is low, and the maximum run length can be limitgcboviding transitions in each data word.

3.8.2 Each isolated bit error that occurs afterddi has been randomized causes 3-bit errors
in the derandomized output data.

3.8.3 The decoder requires 15 consecutive errerdits to establish and reestablish error-free
operation.

3.8.4 The RNRZ-L bit stream can have a large l@gdiency content. Consequently,
reproducing data at tape speeds which produce PCitées less than 200 kb/s is not
recommended unless a bit synchronizer with spgaiisigned dc and low frequency restoration
circuitry is available.
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3.9 Randomizer for RNRZ-L

The randomizer is implemented with a network dftskgisters and modulo-2 adders
(exclusive-OR gates). The RNRZ-L bit stream isegated by adding (modulo-2) the
reconstructed NRZ-L PCM data to the modulo-2 surthefoutputs of the 14th and 15th stages
of a shift register. The output RNRZ-L streamlgahe input to the shift register (see Figure
D-2).

Bit Rate Clock

Input ............
i 15- Stage
w @ 1 2 3 lllllll-ll--g- ........ 13 14 15
A \ Shift Register

~ Output
D

Boolean Expression:

D = A[] B[] C

Figure D-2. Randomizer block diagram.

3.9.1 The properties of an RNRZ-L bit stream amglar to the properties of a pseudo-random
sequence. A 15-stage RNRZ-L encoder will genezateximal length pseudo-random
sequence of2-1 (32 767) bits if the input data consists onlygefos and there is at least a
single one in the shift register. A maximal lengieudo-random sequence is also generated
when the input data consists only of ones andhifersgister contains at least a single zero.
However, if the shift register contains all zerbsh@ moment that the input bit stream is all
zeros, the RNRZ-L output bit stream will also bezakos. The converse is also true: when the
shift register is filled with ones and the input ftream is all ones, the RNRZ-L output bit stream

D-10



will contain only ones. In these two cases, theteats of the shift register does not change and
the output data is not randomized.

However, the randomizer is not permanently loclpdn this state because a change in
the input data will again produce a randomizegbout In general, if the input bit stream
contains runs of X bits without a transition witpbability of occurrence of p(X), the output
will contain runs having a length of up to (X+15)sbwith a probability of (2° « p(X)).

Therefore, the output can contain long runs ofiteout a transition, but the probability of
occurrence is low.

3.9.2 The RNRZ-L bit stream is decoded (derandod)ibg adding (modulo-2) the
reconstructed RNRZ-L bit stream to the modulo-2 sxfiihe outputs of the 14th and 15th stages
of the shift register. The reconstructed RNRZ-shieam is the input to the shift register (see
FigureD-3). The RNRZ-L data which is reproduced using theerse playback mode of
operation is decoded by adding (modulo-2) the rettanted RNRZ-L bit stream to the modulo-
2 sum of the outputs of the 1st and 15th stag#iseo$hift register (see Figure D-3). The net
effect is that the decoding shift register runsclveards" with respect to the randomizing shift
register.

3.9.3 Although the RNRZ-L decoder is self-syncheamg, 15 consecutive error-free bits must
be loaded into the shift register before the outfat& will be valid. A bit slip will cause the
decoder to lose synchronization, and 15 consecatiag-free data bits must again be loaded
into the shift register before the output dataaikdv The decoded output data, although correct,
will contain the bit slip causing a shift in thetalavith respect to the frame synchronization
pattern. Therefore, frame synchronization mustelaequired before the output provides
meaningful data.

3.9.4 The RNRZ-L decoding system has an error plidétion factor of 3 for isolated bit
errors (separated from adjacent bit errors byastl#5 bits). An isolated bit error introduced
after randomization will produce 3 errors in théput data; the original bit in error, plus 2
additional errors 14 and 15 bits later. In additia burst of errors occurring after the data has
been randomized will produce a burst of errorhexderandomized output. The number of
errors in the output depends on the distributioaradrs in the burst and can be greater than,
equal to, or less than the number of errors irirthat to the derandomizer. However, the
derandomization process always increases the nuohisés between the first and last error in
the burst by 15. Errors introduced prior to rantmation are not affected by either the
randomizer or the derandomizer. The reverse dedwiethe same bit error properties as the
forward decoder.

3.9.5 Input data containing frequent long runsitsf Without transitions creates potential dc
and low frequency restoration problems in PCM ¥itchronizers because of the low frequency
cutoff of direct recorder and reproducer systeffise restoration problem can be minimized by
reproducing the data at tape speeds that prodbiteate for which the maximum time between
transitions is less than 100 microseconds. Addltionethods of minimizing these effects
include selecting bit synchronizers containing sdedc and low frequency restoration circuitry
or recording data using @iL code.
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Bit Rate Clock Input

RNRZ-L Data 15 - Stage
-~ |1 2 3 Shift Register 13 14 15
Input From
Bit Sync
Reverse Forward
Playback Playback
D B l

V

|~

Boolean Expression:

With input data A into randomizer,

Error-Free RNRZ-LData, D = A B [0 C

[]

Decoded Data

Output (NRZ-L)

Al=DOBOC=A0BOCO®BIOC

=Al0BUBDO clOC

Therefore:

Al =A0O 00O 0 = A

But B B
ch c

(see Figure D-2)

Figure D-3. Randomized NRZ-L decoder block diagram.

D-12




3.9.6 The power spectra of the RNRZ-L ang-Bicodes are shown in Figuie4. The power
spectral density of RNRZ-L is concentrated at fegtpies, which are less than one-half the bit
rate. The power spectral density of@Riis concentrated at frequencies in a region adldui5
times the bit rate. The concentration of energyhelow-frequency region (when using the
RNRZ-L code) has the effect of reducing the SNRval as creating baseline wander, which the
bit synchronizer must follow. Therefore, reprodhigciata at tape speeds which produce PCM
bit rates of less than 200 kb/s is not recommendeeh using RNRZ-L unless a bit synchronizer
with specially designed dc and low frequency redton circuitry is available.

3.9.7 Alignment of the reproducer system is vergantant to reproducing high quality PCM
data, that is, with the lowest possible bit ernatability. A PCM signature using the standard
2047-bit pseudo-random pattern, recorded on trdetear the trailer tape, provides a good
method for reproducer alignment. When a pseuddenanbit error detection system is not
available or when a PCM signature signal is nabvméed, the recommended procedure for
reproducer alignment involves the use of the eytepatechnique. The eye pattern is the result
of superpositioning the zeros and ones in the P@Mtteam. The eye pattern is displayed on an
oscilloscope by inserting the raw reproduced b@zsh into the vertical input and the
reconstructed bit-rate clock into the external $yanization input of the oscilloscope. The
reproducer head azimuth, amplitude equalizersphiade equalizers are then adjusted to
produce the eye pattern with the maximum heightveid¢h opening.

—— RNRZ-L
............. Blo-L
1
ot
=
o
[a 8
@
N 0.5
=
<
=
o
o
=
0 - . . T
0] 0.5 1 1.5 2
NORMALIZED FREQUENCY (BIT RATE = 1)

Figure D-4. Random PCM power spectra.
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3.9.8 Sample eye patterns are shown in FigDraandD-5b. Figure D-5a shows a @i
eye pattern at a recorded bit packing density dfdl (450 kb/s at 30 in./s). Figure D-5b
shows an RNRZ-L eye pattern at a recorded bit pgoltensity of 25 kb/in (750 kb/s at 30 in./s).

Figure D-5a. Bp-L at bit packing density of 15 kb/in.

Figure D-5b. RNRZ-L at bit packing density of &&/in.
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4.0 Head Parameters
The following subparagraphs describe the heachpeters.

4.1  Gap ScatterRefer to the definitions in subparagrapt®in Chapter 6. Gap scatter
contains components of azimuth misalignment andatiens from the average line defining the
azimuth. Since both components affect data simeita from record to reproduce, the
measurement is the inclusive distance containiagstimbined errors. Because azimuth
adjustment affects the output of wide band systengs08pm (0.0002-in.) gap scatter is

allowed for such recorders and reproducers. A-fr540.0001-in.) gap scatter is recommended
for fixed-head systems (see upper illustrationigufe 6-3).

4.2 Head Polarity The requirement that a positive pulse at a ceaanplifier input generate

a south-north-north-south magnetic sequence and tbauth-north-north-south magnetic
sequence on tape produce a positive pulse atphedwce amplifier output, still leaves two
interdependent parameters unspecified. These péeesrare (1) polarity inversion or
noninversion in record and playback amplifiers édrecord or playback head winding sense.
For the purpose of head replacement, it is necg#isarthese parameters be determined by the
user so that an unsuspected polarity inversiotiapa or off tape, will not occur after heads are
replaced.

5.0 Record Level

The standard record level is established as thé level of a sinusoidal signal set at the
record level set frequency which, when recordeddpces a signal containing 1 percent third
harmonic distortion at the output of a properlyrtgrated reproduce amplifier (see subparagraph
5.3.8.1 of Volume Ill, RCC Document 118). A 1 pawmtharmonic distortion content is achieved
when the level of the third harmonic componenthef tecord level set frequency is 40 +1 dB
below the level of a sinusoidal signal of 0.3 UBEieh is recorded at the standard record level.
Standard test and operating practice is to recoddr@produce sinusoidal signals at 0.1 and 0.3
UBE and adjust the equalizers as necessary tolishtéie reproduced output at 0.3 UBE to
within £1.0 dB of the output at 0.1 UBE. Then & ¥ms signal at the record level set frequency
is applied to the record amplifier input and theorel and reproduce level controls are adjusted
until the reproduced output contains 1 percenttharmonic distortion at a level of 1 V rms.

The optimum level for recording data will seldomdnual to the standard record level.
Signals having noise-like spectral distributionlsas baseband multiplexes of FM subcarriers
contain high crest factors so that it may be neogqgs determined in paragraph 1.1, Noise
Power Ratio (NPR) Test, Volume IV, RCC Document, st Methods for Data Multiplex
Equipmento record at levels below the standard recordlle®n the other hand, for
predetection and HDDR recording, signals may heugetrecorded above the standard record
level to give optimum performance in the data syste
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6.0  Tape Crossplay Considerations

FigureD-6 illustrates the typical departure from optimungfrency response that may
result when crossplaying wide band tapes which wesrerded with heads employing different
record-head gap lengths. Line AA is the idealiaatput-versus-frequency plot of a machine
with record bias and record level, set upper IR dards, using a 3.Qfn (120-microinch)
record-head gap length and a 1108-(40-microinch) reproduce-head gap length. LiBBsand
CC represent the output response curves of the &gras recorded on machines with 5.08-
(200-microinch) and 1.2@m (50-microinch) record-head gap lengths. Eadhede recorders
was set up individually per IRIG requirements. Téyges were then reproduced on the machine
having a 1.03tm (40-microinch) reproduce-head gap length withreatljusting its reproduce
equalization.

6.1  The output curves have been normalized to @tdBe 0.1 UBE frequency for the
purpose of clarity. The normalized curves maymeeted to exhibit a £2.0 dB variance in
relative output over the passband. The tape redosith the shortest head segment gap length
will provide the greatest relative output at theEJB

6.2  While the examples shown are from older equigmath record gap lengths outside the
limits recommended in subparagrapb.4 Chapter 6, they illustrate the importance of the
record gap length in tape interchange applications.

7.0 Standard Tape Signature Procedures

The following subparagraphs describe the PCM sigraand the swept-frequency
signature.

7.1 PCM Signature Recording Procedur€onfigure test equipment as described in
paragraph 2.1, Volume IV, RCC Document 118. Th#igaration should simulate the
operational link as closely as possible, for exangame RF frequency, deviation, bit rate, code
type, predetection frequency, receiver bandwidtld, i@corder speed.

7.1.1 While recording the pseudo-random data atstal record level, adjust the signal
generator output level until approximately one eper 16 bits is obtained on the error counter.

7.1.2 Record 30 seconds of the pseudo-random tlitite Beginning or end of the tape for each
data track. A separate 30-second tape signatueeasnmended for each different data format.
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Figure D-6. Tape crossplay.

7.1.3 The content, track assignments, and locatiothe tape leader and trailer of signature
signals should be noted on the tape label.

7.2

PCM Signature Playback Procedufée following subparagraphs explain the playback

procedure.

7.2.1 Optimize playback equipment such as receiweng and bit synchronizer setup for data
being reproduced.

7.2.2

7.2.3

7.2.4

7.2.5

Reproduce the tape signature and obsenarithierate on the error counter.

Optimize head azimuth for maximum signal atigmd minimum errors.

If more than one error per*Ifits is obtained, initiate corrective action.

Repeat for each data track.
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7.3  _Swept Frequency Signature Recording ProcedTine following subparagraphs describe
the recording procedure for the swept-frequencyatigre.

7.3.1 Patch a sweep-frequency oscillator outpatltprime data tracks (up to 6 on 7-track
recorders or up to 13 on 14-track recorders) (sgeeAdix A, Volume Il of RCC Document
118). As a minimum, patch the sweep oscillatasrie odd and one even track.

7.3.2 Connect the sync output of the sweep osmillata track not used for sweep signals,
preferably an outside track.

7.3.3 Record the signature signals for a minimur@G$econds at standard record level.

' Record levels may be either preadjusted or quiakjysted in al
ﬁNOTE tracks during the first few seconds of the sigreteécording.

7.3.4 The content, track assignments, and locatiotihe leader or trailer tape of signature
signals should be noted on the tape label.

7.4  Swept-Frequency Signature Playback Procedline following subparagraphs define
the steps for the playback procedure.

7.4.1 Connect the sync track output of the repredtm the sync input of the scope.

7.4.2 Select an odd-numbered sweep-signal trackcamdect the output of the reproducer to
the vertical input of the scope. Playback the pasgnal and adjust the scope gain for an
amplitude of approximately +10 minor vertical dieiss about the center baseline. Adjust the
odd-track azimuth for maximum amplitude of the laghfrequency segment (extreme right of
the sweep pattern).

7.4.3 Observe amplitude variations through the pvpedtern and adjust the equalization, if
necessary, to maintain the amplitude within theiiregl tolerance over the required frequency
range.

</‘ —

ﬁNOTE A decrease of sweep signal amplitude to aboutdpiesents a
3-dB loss.

D
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7.4.4 Repeat the playback procedure in subparagragh? and 7.4.3 for azimuth and
equalization adjustments of an even-numbered tapk.t

7.4.5 Repeat the procedure in subparagraph 7.4e)talization only of other selected prime
data tracks, as required.

8.0  Equipment Required for Swept-Frequency Procedwes

Equipment required at the recording site consitssweep-frequency oscillator having
a constant amplitude sweep range of approximatéyHr through 4.4 MHz with frequency
markers at 62.5, 125, 250, and 500 kHz and 1.0228 4.0 MHz. The sweep range to 4.4 MHz
may be used for all tape speeds because the bahdsfithe recorder and reproducer will
attenuate those signal frequencies beyond its rafbe sweep rate should be approximately 25
Hz. Care should be exercised in the installatioth® sweep generator to ensure a flat response
of the sweep signal at the input terminals of #eorder. Appropriate line-driver amplifiers may
be required for long cable runs or the low impe@amicparalleled inputs.

8.1 A stepped-frequency oscillator could be sulnstit for the sweep-frequency generator at
the recording location. Recommended oscillatorelengths at the mission tape speed are 7.62
mm (300 mils), 3.81 mm (150 mils), 0.254 mm (10s)iD.0254 mm (1 mil), 0.0127 mm (0.5
mil), 0.0064 mm (0.25 mil), 0.0032 mm (0.125 m@)0025 mm (0.1 mil), 0.0020 mm (0.08

mil), and 0.0015 mm (0.06 mil).

8.2  Equipment required at the playback site camsisain ordinary oscilloscope having a flat
frequency response from 400 Hz through 4.4 MHz.

9.0 Fixed-Frequency Plus White Noise Procedure

The signature used in this method is the samalifapplications. For direct recording of
subcarrier multiplexes, only static nonlinearitpiffinearity which is independent of frequency)
is important for crosstalk control. Subparagrépgh2in Chapter 6 provides a reference level for
static nonlinearity. All formats of data recordiage sensitive to SNR. Predetection recording
and HDDR are sensitive to equalization. The follaysignature procedure satisfies all the
above requirements.

9.1 Record a sine-wave frequency of 0.1 UBE (sd#ef3) with the following amplitudes.

9.1.1 Equal to the standard record level for direcording of subcarrier multiplexes and
HDDR (see subparagrah8.2 Chapter 6).

9.1.2 Equal to the carrier amplitude to be recdrde pre-detection recording of PCM/FM,
PCM/PM, FM/FM, and PAM/FM.
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9.2  Record flat band-limited white noise of ampl#0.7 of the true rms value of the 0-dB
standard record level as described in subparadgi®ph Chapter 6. Noise must be limited by a
low-pass filter just above the UBE.

9.3 Record with zero input (input terminated inof#ns). The three record steps previously
described can consist of 10 seconds each. Thé&aman be obtained with three manually
initiated sweeps of less than a second each, becaugreat frequency resolution is required.
All of the spectrum analyzer parameters can bedstalized and set in prior to running the
mission tape.

10.0 Signature Playback and Analysis

Before analyzing the signature, the reproducenatti should be adjusted. With the
short signature, it is probably more convenienide the data part of the recording for this
purpose. If predetection recording is used, th@ath can be adjusted to maximize the output
as observed on the spectrum analyzer or on a vigitrnennected to the output. If baseband
recording is used, the azimuth can be adjustedatarmze the spectrum at the upper end of the
band. Using a spectrum analyzer, reproduce, stackphotograph the spectra obtained from
paragraphs 9.1, 9.2, and 9.3 in this appendixre&tod photograph the spectrum analyzer input
level of zero.

10.1 Itis evident that any maladjustment of thmrder and reproducer or magnetization of
the heads will result in the decrease of SNR adiws®and and will be seen from the stored
spectra or photograph.

10.2 By having a photograph of the spectra, angitequalization can be accomplished
without shuttling the mission tape as follows.

10.2.1 Use an auxiliary tape (not the missiom tdgut preferably the same type tape). With a
white-noise input signal band limited, adjust thepéitude equalization of the recorder and
reproducer at the tape dubbing or data reductterasid photograph the output spectrum (see
paragraph 9.0 of this appendix).

10.2.2 Compare this photo with the photo madmftloe signature. Note the difference at
several points across the band.

10.2.3 Using the auxiliary tape, adjust the atagk equalization to compensate for the
differences noted.

10.2.4 Recheck with the mission tape to verit the desired amplitude equalization has been
achieved.

10.3 If the phase equalization is to be checkesyuare wave signal can be added to the
signature in accordance with the manufacturer'sifigation (see Volume 1ll, RCC Document
118). The same procedure as that recommendednfaitade equalization can be used, except
based on oscillograms.
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11.0 Recording and Playback Alignment Procedures
When using standard preamble (or postamble), aegmplt.12 Chapter 6.

11.1 Recording of Preamble for Direct Electronics Aliggmh

11.1.1 Patch a square wave generator output 4ét tdand edge to all tracks having direct
electronics or initiate procedure for recordingemilly generated 1/11 band edge square wave
according to manufacturer's instructions.

11.1.2 If the preamble will be used for a maradjustment, record for a minimum of 30
seconds at the standard record level and tape spé&edused for data recording.

11.1.3 If the preamble will be used only for automatigament, record at the standard record
level and tape speed to be used for data recofdirggsufficient time as specified by the
manufacturer of the playback recorder reproducesagreed by the interchange parties.

11.2 _Playback of Preamble for Direct Electronicgyinent For systems so equipped,
initiate automatic alignment procedure per manufigts instructions. The procedure for
manual adjustment is described in the followingpswhgraphs.

11.2.1 Display fundamental and odd harmonichefsiguare wave (third through eleventh) of
selected odd numbered direct track near centeead stack on the spectrum analyzer. Adjust
azimuth by peaking output amplitude of the thinbtlgh eleventh harmonic. Final adjustment
should peak the eleventh harmonic.

11.2.2 Repeat the above subparagraph for evebeneh direct track. (Only one track is
necessary for double density, 14-track, in-lineeys)

11.2.3 Observe frequency response across thegaemsdon selected track and correct if
necessary. For a flat response, the third harmaeiibe 1/3 of the amplitude of the
fundamental, fifth harmonic 1/5 the amplitude, ancon. A convenient method is to compare
the recorder/reproducer output with that of a sgueave generator patched directly to the
spectrum analyzer.

T An alternate, but less accurate, method is to aptithe square
YNOTE wave as displayed on an oscilloscope rather thepeatrum

{ analyzer.

S

11.2.4 Repeat the previous subparagraph for diaett track.
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11.2.5 Display square wave on oscilloscope. stdphase for best square wave response as
shown in Figured-7.

11.2.6 Repeat the previous subparagraph for @iaett track.

, Equal
Amplitude

a i
o o

GOOD

Figure D-7. Square wave responses.

11.3 _Recording of Preamble for FM Electronics Alitent If available, initiate procedure for
recording internally generated 1/11 band edge sqwave and +1.414 Vdc per manufacturer's
instructions. Otherwise, patch a square wave gémeoutput to all tracks having FM
electronics. A near dc signal may be obtainedayngy the square wave generator to 0.05 Hz
and £1.414 V or by using a separate dc source.

11.3.1 If the preamble will be used for manuarahent, record at least one cycle of the 0.05
Hz square wave at +1.414 V or a positive and negdti414 Vdc for a minimum of 10 seconds
each at the tape speed to be used for data regorbliext, record a 1/11 band edge square wave
for a minimum of 20 seconds.

11.3.2 If the preamble will be used only for an&tic alignment, record the above sequence for
a sufficient time as specified by the manufactofehe playback recorder/reproducer or as
agreed by the interchange parties.

11.4 _Playback of Preamble for FM Electronics Aligmh For systems so equipped, initiate
automatic alignment procedure per manufacturestsuntions. The procedure for manual
adjustment is described in the next subparagraphs.

11.4.1 Check and adjust for 0-V output at cefrtegjuency per RCC Document 11&st
Methods for Telemetry Systems and Subsystéwhsne lll, Test Methods for
Recorder/Reproducer Systems and Magnetic Tape.
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11.4.2 Use dc voltmeter to verify a full positied negative output voltage on the selected
track and correct if necessary.

11.4.3 Display fundamental and odd harmonichefsguare wave (third through eleventh) on
the spectrum analyzer.

11.4.4 Observe frequency response per subpataddap.3.

11.4.5 Repeat subparagraphs 11.4.1 through 11.4.3 forécinack.
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APPENDIX F

CONTINUOUSLY VARIABLE SLOPE DELTA MODULATION

1.0 General

The continuously variable slope delta (CVSi)dulation is a nonlinear, sampled data,
feedback system which accepts a band-limited arstpwl and encodes it into binary form for
transmission through a digital channel. At thesheer, the binary signal is decoded into a close
approximation of the original analog signal. Aitgd CVSD converter consisting of an encoder
and decoder is shown in FigueslaandF-1hb

2.0  General Descriptions

A general description of the delta modulation trelCVSD converter can be found in the
succeeding subparagraphs.

2.1 Delta Modulation Delta modulation is an A-D conversion technigesulting in a form of
digital pulse modulation. A delta modulator pergadly samples the amplitude of a

band-limited analog signal, and the amplitude défifees of two adjacent samples are coded into
n-bit code words. This nonlinear, sampled-datdifmck system then transmits the encoded bit
stream through a digital channel. At the receivend, an integrating network converts the
delta-modulated bit stream through a decoding p®@#o0 a close approximation of the original
analog signal.

2.1.2 _CVSD ConverterA typical CVSD converter consists of an encaated a decoder (see
Figuresk-laandb). The analog input signal of the CVSD encoddraisd-limited by the input
band, pass filter. The CVSD encoder compares dhd-timited analog input signal with an
analog feedback approximation signal generateldeatetconstruction integrator output. The
digital output signal of the encoder is the ouipiuthe first register in the "run-of-three" counter
The digital output signal is transmitted at thec&lgsample) rate and will equal "1" if the analog
input signal is greater than or equal to the antdegback signal at the instant of sampling. For
this value of the digital output signal, the pudsaplitude modulator (PAM) applies a positive
feedback pulse to the reconstruction integratdretise, a negative pulse is applied. This
function is accomplished by the polarity contrgrel, which is equal to the digital encoder
output signal. The amplitude of the feedback pids#erived by means of a 3-bit shift register,
logic sensing for overload, and a syllabic lowpits. When a string of three consecutive
ONES or ZEROS appears at the digital output, aelisc/oltage level is applied to the syllabic
filter, and the positive feedback pulse amplitutearéases until the overload string is broken. In
such an event, ground potential is fed to therflitethe overload algorithm, forcing a decrease
in the amplitude of the slope voltage out of thkabjc filter. The encoder and decoder have
identical characteristics except for the comparatat filter functions.
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Typical CVSD encoder.
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Figure F-1b. Typical CVSD decoder.

The CVSD decoder consists of the input band pliss &hift register, overload

algorithm, syllabic filter, PAM and reconstructiortegrator used in the encoder, and an output
low-pass filter. The decoder performs the invdusetion of the encoder and regenerates speech
by passing the analog output signal of the recoostm integrator through the low-pass filter.

Other characteristics optimize the CVSD modulatexhnique for voice signals. These
characteristics include:
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a. Changes in the slope of the analog input kdgigrmine the step-size changes of the
digital output signal.

b. The feedback loop is adaptive to the extestttthe loop provides continuous or
smoothly incremental changes in step size.

c. Companding is performed at a syllabic ratextiend the dynamic range of the analog
input signal.

d. The reconstruction integrator is of the expuiad (leaky) type to reduce the effects of
digital errors.

3.0 Detailed Descriptions

The characteristics described in subparagraphth®uigh 3.9 are in addition to those
specified in paragraph.0 of this standard and are for guidance only.

3.1 Input Band Pass FilteThe input filter provides band-limiting and igtcally a second-
or higher-order filter (see FiguFe13g.

3.2  Comparator The comparator compares the band-limited analmgt signal from the
filter with the output signal of the reconstructimegrator (see Figufe-19. This comparison
produces the digital error signal input to the Bshift register. The transfer characteristichsf t
comparator is such that the difference betweeitvtbeénput signals causes the output signal to
be driven to saturation in the direction of thensid the difference.

3.3  3-Bit Shift Register The 3-bit shift register acts as a sampler whiokks the digital
error signal from the comparator at the specifiathgignaling rate and stores the current
samples and two previous samples of the error k{gea Figureg-laandb). The digital

output signal is a binary signal having the samlarjig as the input signal from the comparator
at the time of the clock signal. The digital outpignal is also the digital output of the encoder
and is referred to as the baseband signal. Fuptieeessing for transmission such as
conditioned diphase modulation may be applied ¢dodseband signal. It is necessary that the
inverse of any such processing be accomplishedhenbdaseband signal restored before the
CVSD decoding process is attempted.

3.4  Overload Algorithm The overload algorithm operates on the outptih@f3-bit shift
register (X, Y, Z) using the run-of-threes coincide algorithm so that the algorithm output
equals (xvz+xvz) (see Figure§-laandb). The output signal is a binary signal at theklo
signaling rate and is true for one clock periodiofeing the detection of three like bits and false
at all other times.
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3.5 Syllabic Filter The syllabic filter acts as a low-pass filter floe output signal from the
overload algorithm (see Figureslaandb). The slope-voltage output of the syllabic filiethe
modulating input to the PAM. The step-functionpasse of the syllabic filter is related to the
syllabic rate of speech, is independent of the $ampate, and is exponential in nature. When the
overload algorithm output is true, a charging cusvapplicable. When this output is false, a
discharging curve is applicable.

3.6 Pulse Amplitude Modulator (PAM The PAM operates with two input signals: thepoit
signal from the syllabic filter, and the digitageal from the 3-bit shift register (see Figuresa--1
and b). The syllabic filter output signal detergsrthe amplitude of the PAM output signal and
the signal from the 3-bit shift register is thegrdly control that determines the direction, plus o
minus, of the PAM output signal. The phrase "aomntiusly variable" in CVSD is derived from
the way the PAM output signal varies almost cordirsly.

3.7 Reconstruction IntegratoiT he reconstruction integrator operates on thputisignal of
the PAM to produce an analog feedback signal tattmeparator (or an output signal to the
output low-pass filter in the receiver) that isaproximation of the analog input signal (see
Figures F-1a and b).

3.8 Output Low-Pass FilterThe output filter is a low-pass filter havingraquency response
that typically has an asymptotic rolloff with a rimrum slope of 40 dB per octave, and a
stopband rejection that is 45 dB or greater (sgarEiF-1b). The same output filter
characteristic is used for encoder digital outpgnals of either 16 or 32 kbps.

3.9 Typical CVSD Decoder Output Envelope Charasties For a resistance/ capacitance
circuit in the syllabic filter with time constant$é 5 ms for both charging and discharging, the
envelope characteristics of the signal at the dercodtput are shown in FiguFe2. For the case
of switching the signal at the decoder input fréma 0-percent run-of-threes digital pattern to the
30-percent run-of-threes digital pattern, the cti@rstic of the decoder output signal follows
the resistance/capacitance charge curve. Notéhtbatumber of time constants required to
reach the 90-percent charge point is 2.3, whiceggavnominal charge time of 11.5 ms.

When switching the other way (from the 30-pergeattern to the 0-percent pattern), the
amplitude at the beginning of discharging is, atfirst moment of switching, higher (by a factor
of 16) than the final value which is reached asytigally. The final value equal®24 dBmoO,
that is, 0.03. Therefore, the amplitude at tharegg of discharging is 0.48 (percent run-of-
threes = 0). Note that the number of time consteeqjuired to reach the 10-percent point on the
discharge curve is 1.57, which gives a nominaltdisge time of 7.8 ms.
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1.0 : (C=0.3)
0.9 ENVELOPE
0.48 BEGINNING OF
/ DISCHARGING (G=0)
0.1
0.03 L (C=0)
9.2t0 6.2to
13.8ms 9.4ms
TIME , ms
NOTES:
1. Gis duty cycle.
2. Figure is half of the envelo)

Figure F-2. Typical envelope characteristicshef decoder output signal for CVSD.

4.0 Reference Level

The decoder analog output level with the 16 anélg#s, 30-percent run-of-threes
reference digital pattern applied to the decodputishall be the reference level for the CVSD
requirements of this standard and shall be desgnatlBmO (see subparagragB.J).
5.0 CVSD Characteristics

The characteristics of CVSD are described in tileiing subparagraphs.

5.1 Input and Output Impedance§he analog input and output impedances for CVSD
converters are not standardized. These impedalegend upon the application of the converters.

5.2 Data Signaling RatesThe CVSD converter shall be capable of operaintg and 32
kbps.

5.3 Input and Output FiltersThe analog input shall be band pass filterede dnalog output
shall be low pass filtered.

G Details of input and output filers, consistent witle CVSD

NOTE performance requirements of this standard, wiklegrmined in
ﬁ applicable equipment specifications based on vidila
o requirements
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5.4 Overload Algorithm A 3-bit shift register shall be used for the @/8ncoder and decoder
(see Figureg-laandb). The overload logic shall operate on the outguhis shift register using
the run-of-threes coincidence algorithm. The athor output signal shall be a binary signal at
the data-signaling rate. This signal shall be fanene clock period following the detection of
three like bits (all ZEROS or all ONES) and falselaother times.

5.5 Compression RatioThe compression ratio shall be nominally 16:thwi maximum of 21:1
and a minimum of 12:1. The maximum slope voltdwlde measured at the output of the
syllabic filter for a 30-percent run-of-threes déipattern. The minimum slope voltage shall be
measured at the output of the syllabic filter f@-percent run-of-threes digital pattern.

5.6 Syllabic Filter The syllabic filter shall have a time constahbans+1. The step function
response of the syllabic filter shall be exponémtianature. When the output of the overload
algorithm is true, a charge curve shall be applealvVhen the output of the overload algorithm
is false, a discharge curve shall be applicable.

5.7 Reconstruction Integrator Time Constahfhe reconstruction integrator shall have a time
constant of 1 m&0.25.

5.8 _Analog-to-Digital ConversionAn 800-Hz+10 signal at a 0 dBmO level applied to the input
of the encoder shall give a duty cycle)6f 0.30 at the algorithm output of the encodevatin
FigureF-la.

5.9 Digital-to-Analog ConversionThe characteristics of a digital-to-analog casian are
described in the following subparagraphs.

5.9.1 Relation of Output to InputVith the applicable reference digital patterh3 able F-1
applied to the digital input of the decoder as shawfigureF-3, the analog output signal shall
be 800 Hz:10 at the levels shown in Table F-1, measuredeatitfitoder output. These digital
patterns, shown in hexadecimal form, shall be répgaequences.

5.9.2 _Conversion SpeedWhen the decoder input is switched from the @t run-of-threes

digital pattern to the 30-percent run-of-threestdlgattern, the decoder output shall reach 90
percent of its final value within 9 to 14 ms. Whée decoder input is switched from the 30-percent
run-of-threes digital pattern to the O-percent afithrees digital pattern, the decoder output shall
reach 10 percent of the 30-percent run-of-threksevaithin 6 to 9 ms. These values shall apply to
both the 16 and 32-kbps data signaling rates.

5.10 _CVSD Converter Performanc&he characteristics specified in subparagraph@.5 through
5.10.7 apply to one CVSD conversion process obtigayeconnecting the output of an encoder to the
input of a decoder (see Figured).
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T Test signal frequencies that are submultiples efddta signalin

) NOTE rate shall be avoided by offsetting the nominal fiesyuency

€ slightly; for example, an 800-Hz test frequencylddwe offset to

SR 804 Hz. This test frequency offset will avoid naekr distortion,
which can cause measurement difficulties when C\&SD
tandem with PCM.

TABLE F-1. DECODER REFERENCE DIGITAL PATTERNS FOR CVSD

Data Signaling Rate Digital Run-of-threes, Output
(kpbs) Pattern (percent) (dBmO)
16 DB492 0 —24+1
32 DB54924AB6 0 —24+1
16 FB412 30 0+1
32 FDAA10255E 30 0+1

INTERFACE POINTS

ENCODER ENCODER ECODER DECODER
INPUT OUTPUT INPUT OUTPUT

_ rererence DiGITAL ,(O—{PECODER [,(0)  anoG siGNaL
PATTERN INPUT i OUTPUT

ANALOG SIGNAL ENCODER "O DIGITAL TRANSMISSION O— DECODER [7( ) _ANALOG SIGNAL

INPUT 16 kbps OR 32 kbps T

Figure F-3.  Interface diagram for CVSD converter.
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5.10.1 _Companding Spee@lvhen an 800-Hz10 sine wave signal at the encoder input is

switched from-24 dBmO to 0 dBmO, the decoder output signal siealth 90 percent of its final
value within 9 to 14 ms.

5.10.2 _Insertion LossThe insertion loss between the encoder inputla@diecoder output shall
be 0 dB+2 dB with an 800 H210, 0 dBmO input to the encoder.

5.10.3 _Insertion Loss Versus Frequency Charatiesi The insertion loss between the encoder
input and decoder output, relative to 800418 measured with an input level-af5 dBmO

applied to the converter input, shall not exceexdlithits indicated in Tabl€-2 and shown in
FiguresF-4aandb.

TABLE F-2. INSERTION LOSS LIMITS FOR CVSD
Rate Frequency (f) Insertion Loss (dB)
(kpbs) (H2) (Referenced to 800 Hz)
16 f< 300 >-1.5
300< f = 1000 -1.5t01.5
1000= f = 2600 -5t01.5
2600< f= 4200 >-5
4200z f =25
32 f< 300 >-1
300< f= 1400 -1to1l
1400< f = 2600 3to1l
2600< f = 3400 3to 2
3400< f=4200 2-3
4200< f 225
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Figure F-4a. Insertion loss versus frequency foSO\(16 kbps).

Figure F-4b. Insertion loss versus frequency folSOM32 kbps).
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5.10.4 _Variation of Gain With Input LevelThe variation in output level, relative to thewe at
-15 dBmO input, shall be within the limits of Figufesaandb for an input frequency of 800 Hz
+10.

5.10.5 _Idle Channel Nois€The idle channel noise shall not exceed thedistiown in Tabl&-3
when measured at the CVSD decoder output.

5.10.6 _Variation of Quantizing Noise With Inpug\tel The minimum signal to quantizing
noise ratio over the input signal level range shalbbove the limits of Figufe6aandb. The
noise ratio shall be measured with flat weightingweighted) at the decoder output with a
nominal 800-Hzt10 sine wave test signal at the encoder input.
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5.10.7 _Variation of Quantizing Noise With Frequgndhe minimum signal to quantizing noise
ratio over the input frequency range shall be alibedimits of FigureE-7aandb. The noise
ratio shall be measured with flat weighting (unvirégl) at the decoder output with a sine wave
test signal of-15 dBmO.
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ez

INPUT SIGMAL. d8m0
16 kbps

1)

OUTPUT VARIATION, a8,
RELATIVE YO THE YALUE AT -1S5 d8a0
-3

Figure F-5a. Variation of gain with input level foGVSD (16 kbps).
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Figure F-5b. Variation of gain with input levelkf@VSD (32 kbps).
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TABLE F-3. IDLE CHANNEL NOISE LIMITS FOR CVSD
Data Signaling Rate (kbps) Idle Channel Noise(dBmO)
16 -40
32 -50
L R e L EES
g
E‘ TEST FREQUENCY B00 H2
E: 11 fmmmm e
I R
0
=35 -25 -15 -5 [}
INPUT SIGNAL, dBmO
16 kbps

Figure F-6a. Signal to quantizing noise rationsut level for CVSD (16 kbps).
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Figure F-6b. Signal to quantizing noise ratianmut level for
CVSD (32 kbps).
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APPENDIX G
ADARIO DATA BLOCK FIELD DEFINITIONS
1.0 Data Block Format and Timing

The details of the ADARIO data block format areyided in FigureG-1 and in the
ADARIO data format field summary. As shown in Figus-1, the eight session header words are
the first eight words of the block. The channedk for the highest priority (priority 1) channel
is next, followed by the next lower priority chahpecket (priority 2). Following the lowest
priority channel, fill data consisting of all onase inserted as required to complete the 2048-word
data block.

Within the channel packet, the first five worde #re channel header words including the
partial word (PW). Following the channel headehis variable size channel data field. The
channel data are organized in a last-in-first-QUEQ) fashion. The first samples acquired in the
block time interval appear in the last data wordhef channel packet. The sample data are
formatted into the 24-bit data word such that ihet ample occupies the MSBs of the word. The
next sample is formatted into the next availableBg&nd so on until the word is full. As an
example, data formatted into 8-bit samples is shimwFigureG-2.

In cases where the 24-bit data word is not a plaltf the sample size, the sample
boundaries do not align with the data words. &sthcases, the samples at the word boundaries
are divided into two words. The MSBs of the sang@pear in LSBs of the first buffered word
and the LSBs of the sample appear in the MSBseoh#xt buffered word. Since the channel
data appears in a LIFO fashion in the ADARIO ddtzk, the MSBs of the divided sample will
occur in the data word following the word contaminSBs of the sample. Figug-3 depicts
ADARIO timings.
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MSB
[ 24 bits L{
23 2019 1615 1211 87 43 o
f SHWO SYNC 1sb's; blts 23 -0
SHW1 | SYNC msb's, bits 24:- 28 l MG, 19 bits
Session SHW2 BLK#;24 bits
Header YYMMDD! 24 bl
‘Words SHW3 i s
SHW4 HHMMSS! 24 blts
SHWS BMD;24 blis
SHW6 [mcs|  Q.4bis ] sP1 | SST, 17 blts
User Defined {8 bits SP2, 10 bits ] VR, 6blis
CHE, 4 bits FMT., 4 bits WC, 11 bits ] PWS, 5 bits
1E 'DAI{‘,F’R ]cg ey l RATE, 19 blts
S\uag::l ! FB, §bits TDL16 blts
Words mo[ amensws [0 CHP! 8 bits ses | CHT, 6 bits
SampleL-1 Sample L. PW;24 bits XOOXXKXX
Samplct L~ Samplc L-3 Samplc L-2
Channel 1
Data
Words
Sampic; 1 . Samplei2 Samplt 3
— T —— I
% ! /
—_—
CnHWs
Channel n
Header + Data
Words CnDWs
Fill Data, All 1's

Figure G-1. ADARIO data format.
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ADARIO Data Block
24-bit ADARIO Word
23 msb 1sb 0
Word0 | Byte0 ! Bytel ! Byte2
T Word1 | Byte0 ! Bytel
Word 2 :
Session 3
Header : :
Words : H
@®) : :
Word 7 :
Word 8 : :
Priority 1 ' :
Channel : H
Packet H E
Words : :
(5 10 2040) : :
Word C1+8 : :
Word C149 :
Priority 2 : :
Channel : H
Packet : H
‘Words H :
(5 to 2035) : :
Word C2+C149 5
Y ‘Fill Data !
Word 2047 :

ADARIO Data Block arranged

8-bit recorder word
Example

Byte 0
Byte 1
LSB | Byte2
Byte 0

‘Word 0

Word 1

Fill Data

Word 2047

Byte 6143

Figure G-2.

ADARIO data blocks.
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Block Time Interval I ————p—<——  Block Time Interval 2 —»~

.

SMP, Sample Clock
SMP (internal) = MC/RATE
SMP (extemnal)= External clock
—

g1 M [ [l M

[ TD, Time Delay to first sample

e

\

System Data Flow l

ADARIO Data Block 0 (2048 Words) I ADARIO Data Block 1 (2048 Words)

Figure G-3. ADARIO timing.

ADARIO Data Format Field Definitions Summary

Block Length (2048 words, 24-bit words, fixed length)

Session Heade(8 words, fixed format)

SHWO (bits 23 to 0)

SHW1 (bits 23 to 19)

(bits 18 to 0)

SHW2 (bits 23 to 0)

SYNC Field, bits 0-23 of th&13it block sync. The LSBs
of the block sync are 36E19C and are contained here

SYNC Field, bits 24-28 of 2&bit block sync. The
MSBs of the block sync are 01001 and are contdireee.
The 29-bit block sync is fixed for all ADARIO
configurations and chosen for minimal data cross
correlation.

MC, Master Clock, a 19-bit bipamalue in units of 250 Hz.
MC is the clock frequency used to derive sessiahpaar
channel parameters.

BLK#, ADARIO Data Block Number 24-bit binary

value. BLK# is to zero at the start of each sesaitd
counts up consecutively. Rollover is allowed.
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2.3

SHW3 (bits 23 to 0)

SHW4  (bits 23 to 0)

SHW5  (bits 23 to 0)

SHW6  (bit 23)

(bits 22 to 19)

(bits 17 to 18)

(bits 16 to 0)

SHW7 (bits 23 to 16)

(bits 15 to 6)

(bits 5 to 0)

Channel ‘n’ Header

YYMMDD, Time Code Field, a BGBpresentation of the
year (YY), month (MM), and day (DD). YYMMDD Time
Code Field is updated during the record process pac
second.

HHMMSS, Time Code Field, a B&presentation of the
hour (HH), minute (MM), and second (SS). The
HHMMSS Time Code Field is updated during the record
process once per second.

BMD, Block Marker Divisor, @-bit binary value. BMD
is established so that the block marker frequeB&¥, may
be derived from MC by BM = MC/BMD

MCS, Master Clock Source, a 1-lagf

1 = MC was generated internally.
0 = MC was provided from an external source.

Q, Number of active channelausione, a 4-bit binary
value. For example, 0 indicates that one chamsnattive.

SP1, Spare field 1, a 2-biidfielt is set to zero.

SST, Session Start Time, a > Bibiary value in units of
seconds. The integer number of seconds repretents
session start time of day in seconds, where midrsigints
with zero.

User Defined, an 8-bit fieMay be input by the user at
any time during a recording session. The integpi@t of
this bit field is left to the user.

SP2, Spare field 2, a 10-bitdfielt is set to zero.

VR, Version number, a 6-bit binaalue. Each update of
the ADARIO format will be identified by a uniquergéon
number.

All channel headers contain five 24-bit ADARIO wsr
with the following fixed format. The first logicahannel,
n=1, has the highest priority and its channel pastats in
the ninth word of the data block. Each active cledis
represented by a channel packet that is presdin¢ idata
block. The logical channel number, n, represdmds t
relative priority of the channel and the order imieh it
appears in the data block.
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CnHWO

(bits 23 to 20)

(bits 19 to 16)

(bits 15 to 5)

(bits 4 to 0)

CH#, Physical Channel em a 4-bit binary value. 0 to
15 represents the physical location of the channel
electronics in the ADARIO hardware. The user shese
locations labeled from 1 to 16.

FMT, Format code for the chalrdata word, a 4-bit binary
value. The format code is used to define the lizhe
user data word by means of the following table:

15 = 24 bits 7 = 8 bits
14 = 22 bits 6 = 7 bits
13 = 20 bits 5 = 6 bits
12 =18 bits 4 =5 bits
11 =16 bits 3 = 4 bits
10 = 14 bits 2 = 3 bits
9 = 12 bits 1 =2 bits
8 =10 bits 0 =1 bit

WC, Word Count, an 11-bit binagjue. WC is the
number of full channel data words that should béaénth
channel packet. WC may range from 0 to 2040. AWC
greater than the number of actual words in chapaeket
indicates a data rate overflow, which would occhewa
low-priority channel is not provided sufficient ggan the
fixed length data block as a result of an uncoledotlata
rate in a higher priority channel.

PWS, Partial Word Status, a Sbbitary value. PWS is
related to the number of samples in the partiavaord
may range from 0 to 23. PWS shall be computed as
follows:

If the number of full samples in the partiadrd
equals zero, then PWS = 0.

If the number of full samples in the partiaird
does not equal zero, then PWS = Round Up [Unudedrbi
PW/Channel Sample Size].
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CnHW1 (bit 23)

(bit 22)

(bit 21)

(bit 20)

(bit 19)

(bits 18 to 0)

IE, Channel Clock Source, a 1flaig.
1 = The channel clock was generated internall
0 = The channel clock was provided from atemal
source.

DA, Data type, a 1-bit flag.
1 = The channel is operated as a digital sban
0 = The channel is operated as an analoghehan

ROVR, Rate overrun in previous bloaKl-bit flag.
1 = The nth channel packet in the previoua téock
experienced an overrun.
0 = The nth channel packet in the previcata thlock
did not experience an overrun.

AOVR, Analog A/D Overrange in currésibck a 1-bit
flag.

1 = The nth channel in the current datalbloc
experienced an analog-to-digital conversion oveyean
condition.

0 = The nth channel in the current datalbltid not
experience an analog-to-digital conversion overgang
condition.

NSIB, No samples in current block,-bitlflag.
1 = TRUE, there are no samples for the ndnobl in
the current block.
0 = False, there are samples for the nthradlan the
current block.

RATE, Channel sample rate inical 9-bit binary value.
The interpretation of the rate value depends on the
condition of IE, the channel clock source flag.

If IE =1, then the value of rate is carried bg 6
LSBs of the rate field. Using rate, the frequentthe
internal channel clock can be found by internal @em
clock = (MC/RATE) -1.

IF IE = 0, then rate is a 19-bit binary valoaunits of
250 Hz which equals the frequency of the exterhahaoel
clock as provided by the user at the time of thepse
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The definitions that are markedth an asterisk apply to anal

NOTE channels and to particular hardware implementatid@sDARIO.
For the purposes of this standard, these fieldsatreised.

* CnwD2 (bits 23 to 16) FB, Filter Bandwidth, ani84inary value. The formula
for the bandwidth, BW, of the anti-aliasing filtesed in an
analog channel incorporates FB as BW = (FB/2)%*70

(bits 15 to 0) TD, Time Delay to first sampde]6-bit binary value. TD
is a measure of the time delay from the block markM,
to the first sample arriving at the nth channeimythe
current data block interval. TD is expressed asiimber
of master clock, MC, periods minus one.

* CnWD3 (bits 23 to 22) FR, Filter Range, a 2-bitebiy value. The formula for the

bandwidth, BW, of the anti-aliasing filter usedan analog
channel corporates FR as BW = (FB/2) 31D

(bits 21 to 17) ATTEN, Attenuation, a 5-bit biy value. ATTEN
represents the setting of the input attenuatogar) on the
nth channel at the time that the record was forthed
-15dB and 31 = +16dB with intermediate settings
expressed in one dB steps.

(bit 16) DCAC, Analog signal coupling, a 1-b#g.
1 = The channel is operated with dc coupédihthe input.
0 = The channel is operated with ac coupditithe input.

(bits 15 to 8) CHP, Channel Parameter field8it field. The
interpretation of the CHP field depends upon the ¢gpe
with which it is associated, as defined by the GléTd.
Each card type established by the CHT field, atgfats
definition, shall specify the form and interpretatiof the
CHP field. To date, four input card types haverbee
established. The CHP fields are defined as follows
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* For CHT=0
(bits 15 to 8) remain undefined for the preserdlog single channel
implementation except that the present hardwardeimgntation
expects an all zero field. Would be subject to feitdefinition as
long as all the zero fill is set aside.

* For CHT=1
(bits 15 to 8) remain unused for the presegitalisingle channel
implementations except that the present hardwapéeimentation
expects an all zero field. Would be subject toarfatdefinition as
long as the all zero fill is set aside.

* For CHT=2
(bits 15 to 8) remain unused for the preseat-gurpose channel
implementations except that the present hardwapéeimentation
expects an all zero field. Would be subject to feitdefinition as
long as the all zero fill is set aside.

For CHT=3
(bits 15 to 12) establish the number of subnkbnthat are multiplexed into the
multichannel data carried by the nth channel.

(bits 11 to 8) identify the subchannel numbfethe first sample contained in the
nth channel packet of the data block.

(bits 7 to 6) SP3, Spare field 3, a 2-bit fieltlis set to zero.

(bits 5 to 0) CHT, Channel Type, a 6-bit fielBefines the type of channel
through which input data was acquired. Additioctannel types
to be defined by future users and developers.

CHT=0 Single channel analog input

CHT=1 Single channel digital input

CHT=2 Single channel, dual-purpose, analog gitaliinput
CHT=3 Multichannel analog input capable of npi#king
up to 16 analog inputs

* CHT=4 Single channel digital input, dual charaehlog
input (stereo)

“L” channel on bits 15 to 8 of the sample word,
“R” channel on bits 7 to 0 of the sample word

CHT=5 Single channel, triple-purpose, analogitdli, submux,
formatted input

* % * X

CnWD4 (bits 23 to 0) PW, Partial Word, A 24-bilfi. PW contains the last
samples of the data block. The most significatst &
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word contain the first sample, followed by the ngainple
in the next most significant bits. The numberahgles in
the PW is defined in the PWS field. The unuses &ie
not intentionally set and so contain random data.

Fill (bits 23 to 0) Fill, Fill Words consisting all ones binary, used for fixed
rate aggregate. Fill words may be omitted wherabée
rate aggregate can be accommodated resulting ietoler
length blocks of up to 2048, 24-bit words.

3.0 Submux Data Format Field Definitions

The details of the submux data format are showkFigaresG-4aandb and defined in the
Submux Data Format Field Definitions Summary. FégB-5 shows a typical primary channel
aggregate data content for fixed and variabledhssnel. Submux data format is based on the
sequential collection of the individual channeledatocks. Each channel data block is the
sequential collection of presented input samplesfired period of time. This sequential
collection results in a variable length, fixed rated channel data blocks. To accommodate
fixed rate channels, fill is also defined. The raggte data stream is composed of a block sync
timing channel, followed by sequential channel ddteks, if enabled, followed by fill, if
required, at fixed block rate.

The channel data blocks are the sequential cuteof input samples bit packed into
sequential 16-bit words over the block period ofei The data block is preceded by a three-
word header that identifies the source (channebliata, channel type of processing, packing
format in the data block, bit count length of ttediar data, and the time delay between the first
sample and the block period. If data were intdyreimpled, the sample period is defined with
the first sample being coincident with the starblofck period. Channel type is used to define
specific types of channels that provide timing,@ation, and synchronization functions that
may be required by the specific primary channehay be redundant and not required. Specific
implementation of the required channels may prowideg the required channels with specific
implementation constraints that limit the aggregate or the range of any specific field.

The submux format is based on a 16-MHz cIocIéRd(i:mjirall timing. The derived clock is
the 16-MHz clock divided in binary steps as defibgd?2  that defines all timing and internal
sampling. Block period is 20 160 derived clockipaés which limits the submux aggregate to
256 Mbps, limits the maximum block rate to 793.6&cks per second, and in conjunction with a
16-bit bit count field, limits the subchannel maxim data rate to 52 Mbps.
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4.0

4.1

4.2

4.3

4.4

SubMux Data Format Field Definitions Summary

Frame lengthVariable or fixed with fill. Minimum is 3-wordlbck sync plus one
channel block, maximum is 20 160x16-bit words.

Block length Variable from 3x16-bit words to 4099x16-bit wonglsr channel data

block. Specified by CH¥0 and integer of (Bit_Count+15/16). May be

limited by implementation.

Block sync Defined by Channel ID = 31, 3-word block, 2-waghc. Defines a
period of 20 160 derived clocks.

General formAll Channel data blocks contain this informatiarthe 3-word header.

HW1 (bits 15to 11) CHN ID, Channel ID number,ifr® to 30 binary number

represents normal channel of any type. CHN ID xe3®rved for
Block Sync.

(bits 10to 8)  CHT, Channel Type, from 0 toefides type of processing
performed on the data and the format of header feldks.

CHT =0
CHT =1
CHT =2
CHT =3
CHT =4
CHT =5
CHT =6
CHT =7

Timing channel, block sync or time tag, 8rd/
only

Annotation text or block count, variabladgh
Digital serial external or internal cloclgriable
Digital parallel external clock, variable
Analog wide band, variable

Analog stereo, variable

TBD (to be defined by future implementajio
TBD

Variable length General form with variable data block length

HW1 (bits 15to 11) CHN ID, Channel ID numbenrfr 0 to 30 binary number
represents normal channel of any type.

(bits 10to 8)  CHT, Channel Type, from 1 tdefines type of processing
performed on the data and the format of header Vields.

(bits 7 to 4) FMT, Format, defines the numbiebits minus one in each

sample. Data block sample size (bits) = (FMT+Range O to

15, binary format.

(bits 3 to 0) ST1 to ST4, status bhits, defigpamic conditions within this
block period such as over range.
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HW2 (bits 15to 0)  Bit_Count defines the numbevalfd data bits in the data block
starting with the most significant bit of the fidta word DW1.
Variable word length of the data block is the Iretegf
{(Bit_Count + 15)/16}. Range 0 to 65 535, binaoyrhat.

HW3 (bit 15) I/E, Internal/External clock

(bits 15t0 0)  Depends on CHT field, definesckloount, time delay, or sample
period.

4.5 Block Sync Defines the start of channel data blocks and sfblock period that lasts for
20 160 derived clocks.

HW1 (bits 15t0 0) SYNC 1 = F8C7 hex, definesfitat sync word.
HW2 (bits 15to 0) SYNC 2 = BF1E hex, defines skeeond sync word.

HW3 (bits 15to 13) BRC, Block Rate Clock, defitbe binary divisor for the 16 MHz

system clock. Derived CLK = 16 MHz ?RZC MHz. Block rate =
Derived CLK /20 160 Hz. Period =1/ Derived CLK

(bit 12) FILL, indicates if the primary chanrmeljuires fill for constant
rate.

(bits 11to4) TBD

(bit 3) AOE, Aggregate Overrun Error if set icalies that the aggregate
of the enabled channels exceeds the submux aggrlza
truncated to 20 160 words between sync).

(bit 2) PCRE, Primary Channel Rate Error ifigelicates that primary
channel is unable to maintain the aggregate ratieeo§ubmux.
Excess blocks are truncated.

(bits 1 to 0) ST3, ST4, Status reserved.

4.6 Time Tag Defines the time tag channel for time stargphre frame.

HW1 (bits 15to 11) CHN ID, Channel ID number,ifr® to 30 binary number
represents normal channel.

(bits 10to 8)  CHT =0, Channel Type =0, TimregTRIG Time code
processing and 3-word format.
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4.7

4.8

HW

HW

(bits 7 to 0)

(bits 15 to 14)

(bits 13 to 8)
(bits 7 to 0)
(bits 15 to 8)

(bits 7 to 0)

at this time.

HW1 (bits 15 to 11)

HW

HW

Dw1l

DW

(bits 10 to 8)

(bits 7 to 4)
(bit 3)
(bits 2 to 0)

(bits 15 to 0)

(bits 15 to 0)

(bits 15 to 8)

(bits 8 or 0)

DAYS, Most significant 8 bits @fme Code Days field. BCD
format.

DAYS, Least significant 2 bifsTame Code Days field. BCD
format.

HOURS, Time Code Hours 6 bitdieBCD format.
MINUTES, Time Code Minutes 7 fiitld. BCD format.
SECONDS, Time Code Seconds fiddit. BCD format.

FRACTIONAL SECONDS, Time Code &ranal Seconds 8 bit
field. BCD format.

Annotation Text: Defines block count and annotation text thatgies to the subchannels

CHN ID, Channel ID number,rfr® to 30 binary number
represents normal channel.

CHT =1, Channel Type = 1, Bl&#unt and Annotation Text if
any.

FMT =7, Format = 7, defines 848CII character in text.

NC, No Characters (Bit_Count = 0) Blazbunt only.

OVR, PE, OE, Overrun Parity angrasframing error.

Bit_Count defines the numbewalid data bits in the data block
starting with the MSB of the first data word DW¥ariable word
length of the data block is the Integer of {(Bit (@b + 15)/16}.
Range 0 to 65 535, binary format.

Block_Count sequential block rhering with rollover at
maximum. Range 0 to 65 535, binary format.

1st CHARACTER, first text cheier.

Last CHARACTER, LSB is defined the Bit Count.

Digital Serial External CLKDefines digital serial data such as PCM exteyretcked.

HW1 (bits 15 to 11)

CHN ID, Channel ID number,rfr® to 30 binary number
represents normal channel.
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4.9

(bits 10 to 8)

(bits 7 to 4)

(bit 3 )
(bit 2 )

HW  (bits 15 to 0)

HW (bt 15)

(bits 14 to 0)

DW1 (bit 15)

Dw, (bitL)

CHT = 2, Channel Type = 2, dibterial or data and clock over
sampled data.

FMT = 0 Format = 0, defines 1dta samples.

NSIB, No Samples In Block (Bit_Count=fgader only.

OVR, Overrun indicates that input isaking at faster than
specified rate. Data is truncated at specifieddté (Bit Count per
Block).

Bit_Count, defines the numbewalid data bits in the data block
starting with the most significant bit of the fidata word DW1.
Variable word length of the data block is the Ietiegf
{(Bit_Count + 15)/16}. Range 0 to 65 535, binaoyrhat.

Limited by set maximum rate.

I/E = 0, Internal / External cloclafi indicates that external
clocking was used with relative phasing to bloclspscified in
next field.

Time Delay provides the measdrénoe between start of block
period and the first external clock in derived &l@eriods. Range
0 to 20 160, binary format.

DS, first data sample at the first clock time in tieck.

DS , last data sample in this block period.

Digital Serial Internal CLK Defines digital serial data low rate (> 2 sagsgber block

period) internally oversampled.

HW1 (bits 15 to 11)

(bits 10 to 8)

(bits 7 to 4)
(bits 3 to 0)

HW2 (bits 15 to 0)

CHN ID, Channel ID number,rfr@® to 30 binary number
represents normal channel.

CHT = 2, Channel Type = 2, Dib#erial or data and clock over
sampled data.

FMT = 0 Format = 0, defines 1-litda samples.
0, reserved.

Bit_Count defines the numbkvalid data bits in the data block
starting with the most significant bit of the fidta word DW1.
Variable word length of the data block is the Itiegf
{(Bit_Count + 15)/16}. Range 0 to 65 535, binaoyrhat.
Limited by set maximum rate.
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HW3 (bit 15)

(bits 14 to 9)

(bits 8 to 0)

DW1 (bit 15)
(bit 7)
DWn (bit8)

(bit 0)

I/lE = 1, Internal Sampling flag indtes that internal sampling was
used as specified in next field.

TBD
SAMPLE PERIOD, defines the pdrbf the over-sampling clock
that samples data and clock, in derived clock petidRange 0 to 4

mega samples per second, binary format.

DS, first data sample at block time.
CS, first clock sample at block time.
DS, last data sample in this block period.

CS, last clock sample in this block period.

4.10 Digital Parallel External CLK Defines digital data including serial extergallocked.

HW1 (bits 15 to 11)

(bits 10 to 8)

(bits 7 to 4)

(bit 3)

(bit 2 )

HW2 (bits 15 to 0)

HW3 (bt 15)

CHN ID, Channel ID number,rfr® to 30 binary number
represents normal channel.

CHT = 3, Channel Type = 3, Dipjgarallel or serial data.

FMT, Format, defines the numbebité minus one in each
sample. Data block sample size (bits) = (FMT+Range 0 to
15, binary format.

NSIB, No Samples In Block (Bit_CounD¥yHeader only.

OVR, Overrun indicates that input iseking at faster than specified
rate. Data is truncated at specified bit rate (Bitint per Block).

Bit_Count defines the numbkvalid data bits in the data block
starting with the most significant bit of the fidta word DW1.
Variable word length of the data block is the Iretegf
((Bit_Count + 15)/16). Range 0 to 65 535, binamnfat. Limited
by set maximum rate.

I/E = 0, Internal / External clodiag indicates that external

clocking was used with relative phasing to bloclspscified in
next field.
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(bits 14 to 0)  Time delay provides the meastitine between start of block
period and the first external clock in derived &l@eriods. Range
0 to 20 160, binary format.

DW1 (bit 15) DS, MSB of the first data sample at the first cloitkée in the block.
DW, (bitL) DS, LSB of the last data sample in this block period.

4.11 Analog Wide Band Defines analog wide band data using a samplibgand internal
block synchronous clock.

HW1 (bits 15to 11) CHN ID, Channel ID number,ifr® to 30 binary number
represents normal channel.

(bits 10t0 8)  CHT = 4, Channel Type = 4, agalode band sampled data.

(bits 7 to 4) FMT, Format, defines the numbiebits minus one in each
sample. Data block Sample Size (bits) = (FMT+2ange 0 to
15, binary format. Limited by the A/D resolution.

(bit 3) AOR, Analog over range (A/D 4-msb = F)

(bits 2 to 0) ST2 to ST4, reserved status

HW2 (bits 15to 0)  Bit_Count defines the numbkvalid data bits in the data block

starting with the MSB of the first data word DW¥ariable word
length of the data block is the Integer of ((Bitugib+ 15)/16).
Range 0 to 65 535, binary format. Limited by sakimum rate.

HW3 (bit 15) I/E = 1, Internal Sampling flag indtes that internal sampling was
used as specified in next field.

(bits 14 to 12) TBD
(bits 11to 0)  Sample Period defines the peoibithe over-sampling clock that

samples data and clock, in derived clock peridglange 0 to 4m
samples per second, binary format.

DW1 (bit 15) DS, MSB of the first data sample at the first cloitké in the
block.
DW, (bitL) DS, LSB of the last data sample in this block period.

4.12 _Analog Stereo "L" & "R" Defines analog stereo data using a sigma-é¢aand
internal  block synchronous clock with trackingite Impulse Response (FIR) filter.
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HW1 (bits 15to 11) CHN ID, Channel ID numbenrfr 0 to 30 binary number
represents normal channel.

(bits 10t0o 8) CHT =5, Channel Type =5, Anastgreo voice band data.

(bits 7 to 4) FMT, Format defines the numbebité minus one in each sample.
Data block sample size (bits) = (FMT+1). Rangde @5, binary
format. Limited by the A/D resolution.

(bit 3) LAOR, left subchannel over range.
(bit 2) RAOR, right subchannel over range.
(bits 1 to 0) ST2 to ST4, reserved status.
HW2 (bits 15to 0)  Bit_Count defines the numbkvalid data bits in the data block
starting with the MSB of the first data word DW¥ariable word

length of the data block is the Integer of {(Bit_u@w + 15)/16}.
Range 0 to 65 535, binary format. Limited by sakimum rate.

HW3 (bit 15) I/E = 1, Internal Sampling flag indtes that internal sampling was
used as specified in next field.
(bit 14) ENL, Enable Left subchannel.
(bit 13) ENR, Enable Right subchannel.
(bit 12) TBD

(bits 11to 0)  Sample period defines the pedbthe over-sampling clock that
samples data and clock, in derived clock peridg@iange 3.76 to
40K samples per second, binary format.

DW1 (bit 15) DS, MSB of the first data sample left subchannehidlgled.
(bit 15- DS MSB of the first data sample right subchannel diged,
(FMT-1) else second sample.

DWn (bit L) DS, LSB of the last data sample in this block period.

4.13 Fill Defines fill word that can be inserted at the ef all channel data blocks if required
by the constant rate primary channel.

Fwx (bits 15to 0) FILL, defined as FFFF hex word
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16 BITS
15|14|13|12|11 10|9|8|7|6|5|4|3|2|1|0
| |
General Form HW1 CHN ID CHT | FMT | ST1| ST2| STq ST4
HW?2
HW3 | IE | TIME DELAY or SAMPLE PERIOD
Frame Sync HW1 CHNID = 1F | CHT=0 | SYNC 1 = F8C7 hex (full vebr
HW?2 SYNC 2 = BFLE hex
HW3 BRC | FILL | | | | | | | | | AOE| PCR| ST3 | ST4
Time Tag HW1 CHNID=0to 30 | CHT =0 MSB DAYS (BCD)
HW?2 DAYS Isb | HOURS (BCD) Isb MINUTES (BCD) Isb
HW3 SECONDS (BCD) Isb FRACTIONAL SECONDS Isb
Annotation HW1 CHNID = 0to 30 | CHT =1 FMT =7 | NC | OVR | PE | OE
Text HW?2 BIT_COUNT
HW3 BLOCK COUNT
DW1 msb T CHARACTER Isb msb 2P CHARACTER 1sb
DWn msb Last CHARACTER Isb UNDEFINED if not last
Digital Srl. HW1 CHNID=0to 30 | CHT=2 | FMT=0 | ®B | OVR | ST3 | ST4
Ext. CLK HW?2 BIT_COUNT =L
HW3 | I/E=0 TIME DELAY
DWi | DS |[DS, [DS; |[Ds, |DSs [DS |[Ds; |[Ds; [DS [Ds, |[bs, [Ds [Ds, [Ds, |[Ds, [Ds
DWn | | | | | | DS. | DS UNDEFINED if not last

Figure G-4a. Submux data format.
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[15 14 J13 J12 J11 J10 |9 [ 8 [ 7 | 6 |5 | 4 [ 3 [ 2 [ 1 |0 |
Digital Serial ~ HW1 CHN ID =0 to 30 | CHT =2 FMT =0 | o | o [ sT3] st
Int. CLK HW2 BIT_COUNT =L

HW3 | VE=1 SAMPLE PERIOL

bwi |[DS [DS |[DS; [DS, |[DS [DS |[DS; [DS [Cs [Cs [cs [Cs [Ccs [Cs [CS [cCs

DWn | DS~ | DS | DS s | DS 4 | DS s | DS | DS | DS CS+ | CSs | CSs | CS. | CS. | CS.2 | CS. | Cs
Digital Parallel Hw1 CHNID=0to 30 | CHT =3 | FMT=0 to 15 (shown =6) | NSIB | OVR | ST3 | ST4
Ext. CLK HW2 BIT_COUNT =L

HW3 [ I/E=0 | TIME DELAY

DW1 | MSB 1°T SAMPLE | MSB 2"° SAMPLE | 3"° SAMPLE

DWn | MSB  Last SAMPLE _ LSB=bit L UNDEFINED if not las
Analog HW1 CHN ID =0 to 30 | CHT =4 | FMT=0 to 15 (shown =7) | AOR | ST2 | ST3 | ST
Wide Band HW2 BIT_COUNT =L

HW3 | I/E=1 | [ SAMPLE PERIOL

DW1 | MSB 1°" SAMPLE MSB 7Y SAMPLE

DWn | MSB Last SAMPLE  LSB=hitL UNDEFINED if not las
Analog HW1 CHN ID=0to 30 | CHT =5 FMT=0 to 15 (shown =7) | LAOR | RAOR | ST3| ST4
Stereo HW2 BIT_COUNT =L
L"& "R HW3 | VE=1 | ENL | ENR | [ SAMPLE PERIOL

DW1 | MSB 1°T SAMPLE “L” MSB 1°T SAMPLE “R”

DWn | MSB Last SAMPLE UNDEFINED if not las
Fill FW | Fill Word = FFFF he

Figure G-4b. Submux data format.
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Figure G-5. Submux aggregate format.
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APPENDIX H

APPLICATION OF THE
TELEMETRY ATTRIBUTES TRANSFER STANDARD

1.0 Elements of the Telemetry Attributes Transfer lPocess

Interchange of telemetry attributes occurs betwesdricle instrumentation organizations
(the source) and the telemetry ground stationsd@stination). Interchange may also take place
between ranges. The following are typical elemefthis process:

e data entry system

* source data base

e export program

* interchange medium [this standard]
e import program

» destination data base

» telemetry setup system

» telemetry processing equipment.

These elements are depicted in Figdré and are defined as follows:

1.1  The data entry systemthe source organization's human interface wiedeenetry
attributes are entered into a computer-based sys{iot affected by this standard.)

1.2  The source databaisewhere telemetry attributes are maintainedfiora appropriate to the
local organization's needs. (Not affected by stgsidard.)

1.3  The export programonverts the telemetry attributes from the sodatabase format to the
format defined by this standard and stores therthernterchange medium.

1.4  The interchange mediucontains the telemetry attributes being transtefrem the source
organization to the destination organization. Fairand contents are defined by this standard.

1.5 The.import programeads the standardized interchange medium ancedsrihe attributes
to the destination data base format in accordaiitelecal needs, system characteristics, and
limitations.

1.6 The destination data basevhere telemetry attributes are maintainedfioran suitable to the
local ground station's needs. (Not affected by sitindard.)
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Figure H-1. Typical elements of the telemetryilatites transfer process.
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7. The_ telemetry setup systerocesses the destination database to load tieetejeprocessing
equipment. (Not affected by this standard.)

8. The_telemetry processing equipmisnivhere the attributes will ultimately be usegtoperly
handle the data being transmitted. (Not affectethts standard.)

The interchange medium is intended as a standaethsnof information exchange. The
source and destination organizations are not aainstl by this standard as to how the attributes are
stored, viewed, used, or maintained.

To use the attribute transfer standard, importexqmbrt software must be developed. Once in

place, these programs should eliminate the nee@$bitem or project-specific software at either
the supplying (source) organizations or the pranggglestination) organizations.
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APPENDIX |

TELEMETRY ATTRIBUTES TRANSFER STANDARD
COVER SHEET

1.0  Cover Sheet
Each attribute transfer file (disk or tape) shdubdaccompanied by a cover sheet describing

the originating agency's computer system usedrstoact the attribute file. The recommended
format for this cover sheet is given here.

Telemetry Attributes Transfer Standard

Date: MM\DD\YY
From: Name
Address

Telephone

To: Name
Address

Telephone

Originating computer system:

Computer make and model:

Medium characteristics:
Description:

Comments:

Figure I-1. Sample cover sheet for attetwansfer files.
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APPENDIX J

TELEMETRY ATTRIBUTES TRANSFER STANDARD
FORMAT EXAMPLE

The following example is for illustrative purposa@sd is by no means a complete attributes
file; it is representative of the types of informoatlikely to be transferred. Many attributes are
purposely omitted to simplify the example. In soofi¢he groups, only those entries necessary
to link to other groups are provided. Attributedich link the various groups together, are
indicated inboldface

Selected attributes are described in text formnaaid to following the exampleAll text,
which describes the example, is printed in italiédl text, which is part of the example file, is
printed in plain text.

The example file being transferred consists ofdtiiebutes of a single RF data source and
an analog tape containing two data sources. Thed®source is a PCM signal, which contains
an embedded asynchronous wave train. The twodedafata sources are PCM signals: one is
an aircraft telemetry stream, and the other iglarrdata telemetry stream. Figudré shows the
example file in terms of the attribute groups amartinterrelationships. Refer to the attribute
tables while reviewing the example.
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General
Information
Group
(G) Two PCM
Data Source PCM Data Source links - TM
ID w/embedded; ID and TSPI:
Transmission| Tape
Attributes Source
Group Group
(T-1) (R-1) PCM
Data Source| PCM Data Source | Space Data SourcgW/subframe
ID w/embedded; N Pasition; ID fragmented
Multiplex/ Multiplex/ Multiplex/
Modulation Modulation Modulation
Group Group Group
(M-1) (M-3) (M-2)
Data Link | PCM w/ Data Link | SPI; Data Link PCM1;
Name async; Name Name
Data Link
PCM Format| Name PCM Format PCM Format PCM Format
Group Group Group Group
P-1) ASYNC: (P-3) (P-4) P-2)
Data Link PCM w/ Data Link ) Data Link | gp. Data Link .
Name async; Name ASYNC; Name ' Name PCM1;
PCM PCM PCM PCM
Measuremen Measurement Measuremen Measu_remen
Description Description Description Description
Group Group Group Group
(D-2) (D-1) (D-4) (D-3)
| Measurement Names
E1250T; W862P; J896D; JI51V; Jo71V; J966X; 82AJ01;
Data Data Data Data Data Data Data
Conversioll |Conversiol] [Conversioll |Conversioll |Conversior] |Conversiol Conversiof
Group Group Group Group Group Group Group
1) (2) (3) 4) (5) (6) )

Figure J-1. Group linkages.
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General Information Group (G)

Program name, test name, origination date, giewi number: 0,
test number: 13.

G\PN: TMATS example; G\TA: Wright Flyer; G\OD: 0241; G\RN:0; G\TN:13; G\POC1-1:
Wilbur; G\POC2-1: Bikes,LTD; G\POC3-1: Dayton;
G\POC4-1: 555-1212;
Live data source.
G\DSI-1:PCM w/embedded;G\DST-1:RF;
Tape source
G\DSI-2:Two PCM links - TM & TSPI; G\DST-2:TAP;

G\COM: | hope this flies.; G\POC1-2: Orville;
G\POC2-2:Bikes,LTD; G\POC3-2: Dayton; G\POC4-2: 829 2;

Transmission Attributes Group (T-1)

Frequency: 1489.5, RF bandwidth: 100, data badtw 100;
not encrypted, modulation type: FM, total carriapodulation: 500,
no subcarriers, transmit polarization: linear.

T-1\ID:PCM w/embedded; T-1\RF1:1489.5; T-1\RF2:100; T-1\RF3:100;
T-1\RF4:FM; T-1\RF5:500; T-1\SCO\N:NO; T-1\AN2:LIN:-1\AP\POC1:
Pat Tern; T-1\AP\POC2:Transmissions,Inc.;
T-1\AP\POC3:Amityville,NY; T-1\AP\POC4:800-555-1212

Tape Source Attributes Group (R-1)

R-1\ID:Two PCM links - TM & TSPI;
R-1\R1:Reel #1; R-1\TC1:ANAL; R-1\TC2:ACME; R-1\T&®5;

Tape width: 1 inch, reel diameter: 14 inches, trbgks,
record speed: 7.5 inches/second.

R-1\TC4:1.0; R-1\TC5:14.0; R-1\N:14; R-1\TC6:7.5;
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Rewound: Yes, manufacturer: ZZ; model: 13, inal yes.
R-1\TC8:Y; R-1\RI1:ZZ; R-1\RI2:13; R-1\RI3:Y;
R-1\RI14:07-12-91-07-55-59; R-1\POC1:Mr. Reel; RQ®E2:Tape Creations; R-
1\POC3:Anywhere, Ttown; R-1\POC4:555-1212;

Track Number 2 contains aircraft telemetry PCMsfubframe
fragmented)

R-1\TK1-1:2; R-1\TK2-1:FM/FM;
R-1\DSI-1:PCM w/subframe fragmented;R-1\TK3-1:FWD;

Track Number 4 contains Space Position Informati@aPCM link

R-1\TK1-2:4;R-1\DSI-2:Space Position Information;

Multiplex/Modulation Groups (M-1, M-2, M-3)

Baseband type: PCM, modulation sense: POS, basktiata: PCM,
low pass filter type: constant amplitude

M-1\ID:PCM w/embedded; M-1\BB1:PCM; M-1\BB2:POS; M-1\BSG1:PCM,;
M-1\BSF2:CA;

M-1\BB\DLN:PCM w/async;

M-2\ID:PCM w/subframe fragmented; M-2\BB\DLN:PCM1;

M-3\ID:Space Position; M-3\BB\DLN:SPI;

PCM Format Attributes Groups (P)

P-1is a live PCM signal and contains the asyndloigs wave
train (see Figure J-2).

P-2 is a recorded signal (see Figure J-3).
P-3 is the asynchronous wave train (see Figurg. J-4

P-4 is a recorded signal.
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Major frame characteristics:
One major frame = 16 minor frames
Word lengths = 10 bits (default value) except Wb has 8 bits
and Word 11 has 12 bits

a = measurement E1250T at minor frame position 39
b = measurement W862P in subframe SUB42, position

PCM Format Group = P-1
PCM Measurement Description Group = D-2
Data Link Name = PCM w/async

Figure J-2. PCM format for PCM w/async.
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Major frame characteristics:
One major frame = 64 minor frames
Subframes SUB113 and SUB121 are 32 deep
ID counter counts 0 - 63
Word lengths = 10 (default value) except Word has 6 bits
and Word 122 has 4 bits

Measurement 82AJ01 is 16 bits, which is fragmemtitd the 10 most

significant bits indicated as M and the 6 leagh#icant bits as L.

The measurement is located in position 5 of suibdaSUB113 and SUB121
(minor frames 5 and 37 of the major frame).

PCM Format Group = P-2
PCM Measurement Description Group = D-3
Data Link Name = PCM1

Figure J-3. PCM format for PCM1.
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Major frame characteristics:
One major frame = 3 minor frames
Word lengths = 16 bits (default value)

a = measurement J971U, supercommutated at posRjdrts 20, 29, 33, and 47
b = measurement J951V in subframe ASUB1, position 1

¢ = measurement J896D in supercommutated subfré8iBA, positions 1 and 4
d = measurement J966X in subframe ASUB2, position 3

PCM Format Group = P-3
PCM Measurement Description Group = D-1
Data Link Name = ASYNC

Figure J-4. PCM format for async.

(Start of P-1)
Live PCM signal (host wave train) : Class |

P-1\DLN:PCM w/async; P-1\D1:NRZ-L; P-1\D2:44000; P-1\D3:U,;
P-1\D4:N; P-1\D6:N; P-1\D7:N; P-1\TF:ONE;

10 bits default word length, 16 minor frames/mdjame, 43 words/frame
P-1\F1:10; P-1\F2:M; P-1\F3:NO; P-1\MF\N:16; P-1\I&3;
P-1\MF2:440; P-1\MF3:FPT; P-1\MF4:20;
P-1\MF5: 01111010011010110001; P-1\SYNC1:1; P-1\E20;
P-1\SYNC3:1;P-1\SYNC4:0;

Word position #10, 8 bits,
Word position #11, 12 bits

P-1\MFW1-1:10; P-1\MFW2-1:8; P-1\MFW1-2:11; P-1\MR2/2:12;
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One subframe ID counter
P-1\ISF\N:1; P-1\ISF1-1:1; P-1\ISF2-1:1D; P-1\IDQ 1t;

ID counter word length : 10 bits,

MSB starting bit location : 7,

ID counter length : 4
P-1\IDC2-1:10; P-1\IDC3-1:7; P-1\IDC4-1:4; P-1\IDQ5M;
P-1\IDC6-1:0; P-1\IDC7-1:1; P-1\IDC8-1:15; P-1\IDQ916;
P-1\IDC10-1:INC;

Subframe definition

SUB42 is located at 42, SUB15 at 15.

All have depth 16.
P-1\SF\N-1:2;
P-1\SF1-1-1:SUB42; P-1\SF2-1-1:NO;
P-1\SF4-1-1-1:42; P-1\SF6-1-1:16;
P-1\SF1-1-2:SUB15; P-1\SF2-1-2:NO;
P-1\SF4-1-2-1:15; P-1\SF6-1-2:16;

Asynchronous embedded wave train information

Data Link Name (to be referenced in the formaini&n of the
asynchronous wave train) is ASYNC.

Five contiguous minor frame word positions stagtat location 6.

P-1\AEF\N:1;P-1\AEF\DLN-1:ASYNC; P-1\AEF1-1:5; P-1\AEF2-1:CW,
P-1\AEF3-1-1:6;

(End of P-1)

(Start of P-2)
Recorded PCM signal format attributes.
Data Link Name is PCM1, Data Format is NRZ-L, Biteris 2 Mbit/sec,
Unencrypted, Normal polarity, class |, Common wiemgth is 10, MSB first, No

parity, 64 minor frames per major frame, 277 wop#s minor frame, Sync pattern
length is 30. Word position 121 is 6 bits. Woegdiion 122 is 4 bits.
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P-2\DLN:PCM1; P-2\D1:NRZ-L; P-2\D2:2000000; P-2\D3:U; P-2\D4:N;

P-2\TF:ONE; P-2\F1:10; P-2\F2:M; P-2\F3:NO; P-2\MF4;

P-2\MF1:277; P-2\MF4:30; P-2\MF5:10111000000110a1D101101011; P-2\SYNC1:1; P-
2\MFW1-1:121; P-2\MFW2-1:6; P-2\MFW1-2:122;

P-2\MFW2-2:4;

Subframe characteristics:

One subframe ID counter named 1. Sync type iolier. 1D counter location is
13. 1D counter word length is 10. ID counter M®Bdtion is 5. ID counter length
is 6. ID counter transfer order is MSB first. tounter initial value is 0. ID
counter initial subframe is 1. ID counter end \@lg 63. ID counter end subframe
is 64. ID counter is increasing.

Two subframes. First subframe name is SUB121.si§mtrcommutated, subframe
location = word position 121, depth = 32. Seconbfsame name is SUB113. Not
supercommutated, location = 113, depth = 32.

P-2\ISF\N:1; P-2\ISF1-1:1; P-2\ISF2-1:ID; P-2\IDQ113;
P-2\IDC2-1:10; P-2\IDC3-1:5; P-2\IDC4-1:6; P-2\IDQ5V;
P-2\IDC6-1:0; P-2\IDC7-1:1; P-2\IDC8-1:63; P-2\IDA%4;
P-2\IDC10-1:INC; P-2\SF\N-1:2; P-2\SF1-1-1:SUB121,
P-2\SF2-1-1:NO; P-2\SF4-1-1-1:121; P-2\SF6-1-1:32;
P-2\SF1-1-2:SUB113; P-2\SF2-1-2:NO; P-2\SF4-1-2:3;1
P-2\SF6-1-2:32;

(End of P-2)

(Start of P-3)
Asynchronous wave train PCM format attributes.
Data Link Name: ASYNC
Class I, Common word length: 16, LSB transfer orderparity, 3 minor frames per major
frame, 50 words/minor frame, 800 bits per minonfg fixed pattern synchronization, 16
bit sync pattern.
P-3\DLN:ASYNC; P-3\TF:ONE; P-3\F1:16; P-3\F2:L; P-3\F3:NO;
P-3\MF\N:3; P-3\MF1:50; P-3\MF2:800; P-3\MF3:FPF3MF4:16;
P-3\MF5: 1111100110110001; P-3\SYNC1:1;
Subframe definition.

Three subframes with ID counter word length 1&atd position 1.
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P-3\ISF\N:1; P-3\ISF1-1:2; P-3\ISF2-1:1D; P-3\IDC1t;
P-3\IDC2-1:16; P-3\IDC3-1:15; P-3\IDC4-1:2; P-3\IBQ.L;
P-3\IDC6-1:0; P-3\IDC7-1:1; P-3\IDC8-1:2; P-3\IDASB;
P-3\IDC10-1:INC;

ASUBL is at word position 3.
ASUB?2 is at word position 45.
ASUBS is supercommutated at word positions 1438nd

P-3\SF\N-1:3; P-3\SF1-1-1:ASUB1; P-3\SF2-1-1:NGB\BF3-1-1:NA;
P-3\SF4-1-1-1:3; P-3\SF6-1-1:3; P-3\SF1-1-2:ASUB2;
P-3\SF2-1-2:NO; P-3\SF3-1-2:NA; P-3\SF4-1-2-1:48\BF6-1-2:3;
P-3\SF1-1-3:ASUBS3; P-3\SF2-1-3:2; P-3\SF3-1-3:EL;
P-3\SF4-1-3-1:14; P-3\SF4-1-3-2:39; P-3\SF6-1-3:3;

(End of P-3)

(Start of P-4)
P-4\DLN:SPI;

(End of P-4)

PCM Measurement Description (D)

D-1 contains the measurements which make up gmechsnous wave train,

D-2 contains the measurements which make upuadiCM signal (which hosts the
asynchronous wave train),

D-3 contains the measurements which make up ote sécorded PCM signals, and

D-4 contains the measurements which make up tiez c&corded PCM signal.

(Start of D-1)
Asynchronous Wave Train: One measurement listedsurements
D-1\DLN:ASYNC; D-1\ML\N:1; D-1\MLN-1:JUST ONE; D-1\MN\N-1:4;

Measurement Name : J896D, LSB first,
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Subframe supercommutated, 2 locations: 1 andASaiB3.

D-1\MN-1-1:3896D; D-1\MN3-1-1:L; D-1\LT-1-1:SFSC,;
D-1\SFS1-1-1:ASUB3; D-1\SFS\N-1-1:2; D-1\SFS2-1;1:E
D-1\SFS6-1-1-1:1; D-1\SFS6-1-1-2:4; D-1\SFS7-1-8VY;
D-1\SFS7-1-1-2:FW;

Measurement Name: J951V, LSB first, default pasitpframe ASUB1, location 1.

D-1\MN-1-2:J951V; D-1\MN1-1-2:DE; D-1\MN2-1-2:D; D-1\MN3-1-2:L; D-1\T-1-2:SF;
D-1\SF2-1-2:1; D-1\SFM-1-2:1111111100000000;
D-1\SF1-1-2:ASUB1,

Measurement Name : J971U, LSB first,
supercommutated at positions 2, 11, 20, 29, 38,44

D-1\MN-1-3:J971U; D-1\MN1-1-3:DE; D-1\MN2-1-3:D; D-1\MN3-1-3:L;
D-1\LT-1-3:MFSC; D-1\MFS\N-1-3:6; D-1\MFS1-1-3:E;
D-1\MFSW-1-3-1:2; D-1\MFSW-1-3-2:11; D-1\MFSW-1-328);
D-1\MFSW-1-3-4:29; D-1\MFSW-1-3-5:33; D-1\MFSW-16347;

Measurement Name : J966X, LSB first, subframe ASldBation 3.
D-1\MN-1-4:3966X; D-1\MN1-1-4:DE; D-1\MN2-1-4:D;
D-1\MN3-1-4:L; D-1\LT-1-4:SF; D-1\SF1-1-4:ASUB2;
D-1\SF2-1-4:3; D-1\SFM-1-4:FW;

(End of D-1)

(Start of D-2)
Live PCM signal: single measurement list, 2 measwnts.
D-2\DLN:PCM w/async; D-2\MLN-1:JUST ONE; D-2\MN\N-1:2;
Measurement name: E1250T, unclassified, unsigi&d first.

D-2\MN-1-1:E1250T; D-2\MN1-1-1:DE; D-2\MN2-1-1:D;
D-2\MN3-1-1:M; D-2\LT-1-1:MF; D-2\MF-1-1:39; D-2\MM-1-1:FW;

Measurement name: W862P, unclassified, MSB first,
subframe name: SUB42, location 8 in subframe wold.
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D-2\MN-1-2:W862P; D-2\MN1-1-2:DE; D-2\MN2-1-2:D; D-2\MN3-1-2:M; D-2\[-1-2:SF;
D-2\SF1-1-2:SUB42; D-2\SF2-1-2:8; D-2\SFM-1-2:FW;

(End of D-2)

(Start of D-3)
Recorded PCM signal: single measurement list: Asneement.
D-3\DLN:PCM1; D-3\MLN-1:ONLY ONE; D-3\MN\N-1:1;

Measurement name: 82AJ01, subframe fragmentedgghents,
subframes: SUB113 and SUB121, subframe location: 5

D-3\MN-1-1:82AJ01; D-3\LT-1-1:SFFR; D-3\FSF\N-1-1:2;
D-3\FSF1-1-1:16; D-3\FSF2\N-1-1:2; D-3\FSF3-1-11E313;
D-3\FSF3-1-1-2:SUB121; D-3\FSF4-1-1-1:E; D-3\FSF8&-1-1:5;

(End of D-3)

(Start of D-4)

Recorded PCM signal
D-4\DLN:SPI;

(End of D-4)

Data Conversion Groups (C)

C-1 and C-2 are measurements which are part ofiteePCM signal (see also D-
2).

C-3, C-4, C-5, and C-6 are from the asynchronoasentrain (see also D-1).

C-7 is from the recorded PCM signal (see also D-3)

Measurement: E1250T, description: Inlet TemprBeilith, units: Deg C, binary
format: unsigned; high value: 128, low valu€.4, conversion type: pair sets,
number of pair sets: 2, application (polynomiales; order of fit: 1, telemetry

value #1: 0, engineering unit value #10.4, telemetry value #2: 1023,
engineering unit value #2: 128.
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C-1\DCN:E1250T; C-1\MNZ1:Inlet Temp Bellmouth; C-1\MN3:DEGC,;
C-1\BFM:UNS; C-1\MOT1:128; C-1\MOT2:-0.4; C-1\DCTRS;
C-1\PS\N:2; C-1\PS1:Y; C-1\PS2:1; C-1\PS3-1:0; BSU-1:-0.4;
C-1\PS3-2:1023; C-1\PS4-2:128;

Measurement: W862P, description: Fuel Pump Idgtary format: unsigned; conversion
type: pair sets, number of pair sets: 2, applicat{polynomial): Yes; order of fit: 1,
telemetry value #1: 0, engineering unit value #1..1 telemetry value #2: 1023,
engineering unit value #2: 76.7

C-2\DCN:W862P; C-2\MN1:Fuel Pump Inlet; C-2\BFM:UNS;
C-2\DCT:PRS; C-2\PS\N:2; C-2\PS1:Y; C-2\PS2:1; eS3-1.0;
C-2\PS4-1:-0.1; C-2\PS3-2:1023; C-2\PS4-2:76.7;

Measurement: J896D, description: Terrian Alti&y units: Feet, binary format:
two’s complement; high value: 32768, low value:732, conversion type: pair
sets; number of pair sets: 2, application (polynaliniYes, order of fit: 1, telemetry
value #1: -32768, engineering unit value #1: -3274&8metry value #2: 32767,
engineering unit value #2: 32767

C-3\DCN:J896D, C-3\MN1:Terrian Altitude; C-3\MN3:FEET;
C-3\BFM:TWO; C-3\MOT1:32768; C-3\MOT2:-32768; C-3D:PRS;
C-3\PS\N:2; C-3\PS1:Y; C-3\PS2:1; C-3\PS3-1:-32768;
C-3\PS4-1:-32768; C-3\PS3-2:32767; C-3\PS4-2:32767;

Measurement: J951V, description: Throttle Commamits: VDC, high value:
10.164, low value: -10.164, conversion type: patssnumber of pair sets: 2,
application(polynomial): Yes, order of fit: 1, éahetry value #1: -128,
engineering unit value #1: -10.164, telemetry vai@e 127, engineering unit
value #2: 10.164, binary format: two's complement

C-4\DCN:J951V; C-4\MN1:Throttle Command; C-4\MN3:VDC;
C-4\MOT1:10.164; C-4\MOT2:-10.164; C-4\DCT:PRS; (B8\N:2;
C-4\PS1:Y; C-4\PS2:1; C-4\PS3-1:-128; C-4\PS4-1144;
C-4\PS3-2:127; C-4\PS4-2:10.164; C-4\BFM:TWO;

Measurement: J971U; description: DISC, convergige: discrete, binary format:
unsigned.

C-5\DCN:J971U; C-5\MN1:DISC; C-5\DCT:DIS; C-5\BFM:UNS;

Measurement: J966X; description: Discrete, conigersype: discrete, binary
format: unsigned.

C-6\DCN:J966X; C-6\MN1:Discrete; C-6\DCT:DIS; C-6\BFM: UNS;
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Measurement: 82AJ01, description: LANTZ Norm areion,

units: MTR/S/S, High value: 1023.97, Low valu€23.97,

conversion type: Coefficients

Order of curve fit: 1, derived from pair sets: ,No

Coefficient (0): 0, Coefficient(1): 0.03125, bigdormat: two's complement

C-7\DCN:82AJ01; C-7\MN1:LANTZ Norm acceleration; C-7\MN3:MTR/S/S;

C-7\MOT1:1023.97; C-7\MOT2:-1023.97; C-7\DCT:COE{78&O\N:1;
C-7\CO1:N; C-7\CO:0; C-7\C0O-1:.03125; C-7\BFM:TWO;
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APPENDIX K
PULSE AMPLITUDE MODULATION STANDARDS
1.0 General

This standard defines the recommended pulsedtainture and design characteristics
for the implementation of PAM telemetry system$ie PAM data are transmitted as time
division multiplexed analog pulses with the amml#wof the information channel pulse being the
analog-variable parameter.

2.0 Frame and Pulse Structure

Each frame consists of a constant number of tieggisnced channel intervals. The
maximum shall be 128 channel time intervals pen&aincluding the intervals devoted to
synchronization and calibration. The pulse anth&atructure shall conform to either Figure
K-1 orK-2.

2.1  Commutation PatternThe information channels are allocated equalcamdtant time
intervals within the PAM frame. Each interval ("ii' FiguresK-1 andK-2) contains a sample
pulse beginning at the start of the interval andrigaamplitude determined by the amplitude of
the measurand of the corresponding information ieblaaccording to a fixed relationship
(usually linear) between the minimum level (zergétade) and the maximum level (full-scale
amplitude). For a 50-percent duty cycle (RZ-PAME zero level shall be 20 to 25 percent of
the full amplitude level as shown in Figure K-1heTpulse width shall be the same in all time
intervals except for the intervals devoted to syanfzation. The duration shall be either 0.5T
+0.05, as shown in Figute-1, or T +£0.05, as shown in Figuke2.

2.2 In-Flight Calibration It is recommended that in-flight calibration tmed and channels 1
and 2, immediately following the frame synchroni@atinterval, be used for zero and full-scale
calibration. For RZ-PAM, channel 3 may be useddiooptional half-scale calibration, and for
NRZ-PAM, the channel interval preceding channeldyne used for half-scale calibration if set
to 50 percent.

2.3 Frame Synchronization Intervatach frame is identified by the presence withof a
synchronization interval.

2.3.1 _Fifty Percent Duty Cycle (RZ-PAM)he synchronization pattern interval shall have
duration equal to two information channel interv@3$) and shall be full-scale amplitude for
1.5T followed by the reference level or zero bamefor 0.5T (see Figure K-1).
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Figure K-1. 50-percent duty cycle PAM with amplieusynchronization.

}"N;E / A 20-25 percent deviation reserved for pulse symaization is recommended.
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Figure K-2. 100-percent duty cycle PAM with anydie synchronization.
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2.3.2 _One Hundred Percent Duty Cycle (NRZ-PAMhe synchronization pattern is in the
order given: zero level for a period of T, fullade amplitude for a period of 3T, and a level not
exceeding 50-percent full-scale amplitude for aqueT (see Figur&-2).

2.4 Maximum Pulse RateThe maximum pulse rate should not be greater tihat permitted
by the following subparagraphs.

2.41 PAM/EM/EM The reciprocal of the shortest interval betwiansitions in the PAM
pulse train shall not be greater than one-fiftitheftotal (peak-to-peak) deviation specified in
Chapter 3 and Tablgs1(A,B,C) and3-2 for the FM subcarrier selected.

2.4.2 PAM/FM The reciprocal of the shortest interval betwgansitions in the PAM pulse
train shall be limited by whichever is the narrowéthe following:

2.4.2.1 One-half of the 3-dB frequency of thenpodulation filter when employed.

2.4.2.2 One-fifth of the intermediate frequenidy) pandwidth (3 dB points) selected from the
IF bandwidths which are listed in Talde2.

3.0 Frame and Pulse Rate

The frame and pulse parameters listed below maysbd in any combination:

« aminimum rate of 0.125 frames per second, and

e amaximum pulse rate as specified in subparagraph.2
3.1 Long Term Accuracy and Stabilitypuring a measured period of desired data, the ti
between the occurrence of corresponding pointsyntao successive frame synchronization

intervals should not differ from the reciprocaltbé specified nominal frame rate by more than 5
percent of the nominal period.

3.2  Short Term Stability During a measured period (P), containing 100fnakel intervals,
the time between the start of any two successigerdl intervals (synchronization intervals
excepted) should not differ from the average chbimterval established by the formula

-I—avg = L
100C

by more than 1 percent of the average interval.

3.3 Multiple and Submultiple Sampling Ratd3ata multiplexing at sampling rates which are
multiples and submultiples of the frame rate isypssible.
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3.3.1 _Submultiple Frame Synchronizatiofhe beginning of the longest submultiple frame
interval is identified by the transmission of a gyronization pattern. All other submultiple
frames have a fixed and known relationship to deaiified submultiple frames.

3.3.1.1 _Fifty Percent Duty Cycle (RZYhe synchronization pattern has a full-scale laote
pulse in two successive occurrences of channelaiteallocated to data channels of the
identified submultiple frame. The first such pufees a duration equal to the channel interval;
the second pulse immediately follows the first pudsid has a duration nominally one-half the
channel interval. There is no return to zero betwie two pulses.

3.3.1.2 _One Hundred Percent Duty Cycle (NRZhe synchronization pattern has information
in five successive occurrences of a channel intel@cated to data channels of the identified
submultiple frame. The amplitude of the data cleds\assigned for synchronization is shown in
the following subparagraphs.

3.3.1.2.1 First occurrence - zero amplitude.

3.3.1.2.2 Second, third, and fourth occurrendefi-scale amplitude.

3.3.1.2.3 Fifth occurrence - not more than 50 grrof full-scale amplitude.

3.3.2 _Maximum Submultiple Frame Lengtfihe interval of any submultiple frame, including

the time devoted to synchronizing information, hat exceed 128 times the interval of the
frame in which it occupies a recurring position.

4.0 Frequency Modulation

The frequency deviation of an FM carrier or sukiearwhich represents the maximum
and minimum amplitude of a PAM waveform, shouldelgeal and opposite with respect to the
assigned carrier or subcarrier frequency. Theatiewi should be the same for all occurrences of
the same level.
5.0 Premodulation Filtering

A maximally linear phase response, premodulatiiber fis recommended to restrict the

radiated spectrum (sé@pendix A.
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APPENDIX L

ASYNCHRONOUS RECORDER MULTIPLEXER OUTPUT RE-
CONSTRUCTOR (ARMOR)

1.0 General

This standard defines the recommended multiplextendt for single channel data
recording on small format (1/2 in.) media (Secttoh?). This format is recognized as the
Asynchronous Recorder Multiplexer Output Re-corgtrtu(ARMOR). This format is software-
reconfigurable for each data acquisition or repotidn. The ARMOR format configuration
information is stored in a data structure callédetup” that contains all the information
necessary to define a particular record or playigoration. This appendix describes the format
and content of the ARMOR setup

1.1  Setup on TapeWhen the ARMOR setup is written to tape, itieqeded by a preamble
with a unique setup sync pattern that allows teatification of the setup. Three duplicate setup
records, each with its own preamble, are writtethatbeginning of each recording. The format
of the preamble is defined in Talilel.

TABLE L-1. ARMOR SETUP PREAMBLE

FIELD LENGTH DESCRIPTION

SETUP SYNC 4 TAPE BLOCKS THE SYNC PATTERN CONSISTS OF TWO
BYTES. THE HIGH BYTE IS OXE7; THE
LOW BYTE IS 0X3D. THE SYNC PATTERN
IS WRITTEN HIGH BYTE FIRST. FOR THE
DCRSI, A TAPE BLOCK IS A SINGLE SCAN
(4356 BYTES). FOR THE VLDS, A TAPE
BLOCK IS A PRINCIPLE BLOCK (65536
BYTES).

END OF SYNC 3 BYTES THE THREE BYTES IMMEDIATELY
FOLLOWING THE SYNC PATTERN ARE:
0X45, 0X4F, 0X53 (ASCII ‘E’, 'O’, 'S’ FOR
“END OF SYNC").




2.0  Setup Organization

An ARMOR setup is divided into three sectionse tteader section, the channel section, and
the trailer section. The overall organization aletup is summarized in Talle?.

TABLE L-2. SETUP ORGANIZATION
CONTENT NUMBER OF BYTES
HEADER SECTION 70
CHANNEL 1 INFORMATION 51-61
CHANNEL 2 INFORMATION 51-61
TRAILER SECTION 0 - 44 + SAVED SCANLIST SIZE

2.1  Header SectionThe header section is the first 70 bytes oftapselt contains
information about the setup as a whole, includiloglc parameters, frame parameters, and the
numbers of input and output channels (see Talde

OTE / In Tables I-3 through 1-12, fields noted with an asterisk |
require user input per section 2.5.




TABLE L-3.

HEADER SECTION FORMAT

FIELD BYTES | FORMAT DESCRIPTION

*SETUP 2 BINARY TOTAL BYTES IN SETUP, INCLUDING THIS FIELD

LENGTH

SOFTWARE 12 ASCII VERSION OF THE ARMOR SETUP AND CONTROL

VERSION SOFTWARE THAT WROTE THE SETUP

PRE-SCALERS 1 BINARY THE BOTTOM FOUR BITS CONTAINHE BIT RATE
CLOCK PRE-SCALER; THE TOP FOUR BITS
CONTAIN THE PACER CLOCK PRE-SCALER.

RESERVED 26 N/A N/A

*SETUP KEYS IF BIT O (LSB) SET, SETUP CONTAINS SETUP

(BIT 0) DESCRIPTION IN TRAILER.

*SETUP KEYS 1 BINARY IF BIT 1 SET, SETUP CONTAINS CHECKSUM IN

(BITS 1,2,&3) TRAILER. IF BIT 2 SET, SETUP IS SCAN-ALIGNED
IF BIT THREE SET THEN A SCAN LIST IS SAVED.

PACER DIVIDER 2 BINARY PACER DIVIDER VALUE

BIT RATE 4 BINARY AGGREGATE BIT RATE FOR ALL ENABLD
CHANNELS

BRC DIVIDER 2 BINARY BIT RATE CLOCK DIVIDER VALUE

MASTER 4 BINARY FREQUENCY OF THE MASTER OSCILLATOR IN

OSCILLATOR BITS PER SECOND

BYTES 4 BINARY TOTAL SYNC BYTES PLUS FILLER BYTES PER

OVERHEAD FRAME.

PACER 4 BINARY FREQUENCY OF THE PACER CLOCK IN CYES
PER SECOND

FRAME RATE 4 BINARY NUMBER OF FRAMES PER SECOND

*INPUT COUNT 2 BINARY NUMBER OF INPUT CHANNELS IN ETUP

OUTPUT COUNT 2 BINARY NUMBER OF OUTPUT CHANNELS IN SETUP




2.2 Channel SectionThe channel section contains one channel entrgvfery channel in

the multiplexer chassis configuration, includinggl channels that are not enabled or recorded.
The content and length of the channel informatiary\depending on the channel type. The
lengths of the channel entries for each channe &yp presented in Tallled. Tabled -5

throughL-14 describe the channel entry fields for each motje.

TABLE L-4. CHANNEL ENTRY LENGTHS

CHANNEL TYPE BYTES
PCM INPUT AND OUTPUT 51
ANALOG INPUT AND OUTPUT 53
PARALLEL INPUT 53
PARALLEL OUTPUT 56
TIMECODE INPUT AND OUTPUT 61
VOICE INPUT AND OUTPUT 61
BIT SYNC INPUT 61




TABLE L-5. PCM INPUT CHANNELS
FIELD BYTES | FORMAT DESCRIPTION
*CHANNEL TYPE 2 BINARY 1=8BIT PCM INPUT
8 =20 MBIT PCM INPUT
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THISCHANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX IS-1.
*ENABLED 1 ASCII IF ENABLED, THE CHANNEL IS RECORDE
(HYH OR HNH)
ACTUAL RATE 4 BINARY ACTUAL WORD RATE IN WORDS PR
SECOND
WORDS PER FRAME 4 BINARY NUMBER OF WORDS PER FREM
INPUT MODES 1 BINARY IF BIT O (LSB) SET, SOURCE BATA; ELSE
SOURCE A. IF BIT 1 SET, NRZ-L; ELSE BlI-
PHASE-L. IF BIT 2 SET, 0 DEGREE CLOCK;
ELSE 90 DEGREE CLOCK.
RESERVED 3 N/A N/A
BITS PER WORD 2 BINARY 16 BITS
BITS PRECEDING 4 BINARY NUMBER OF BITS IN THE FRME THAT
MUST PRECEDE THIS CHANNEL
*CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)
*MODULE ID 1 BINARY MODULE ID = HEX 11
RESERVED 1 N/A N/A
*REQUESTED RATE 4 BINARY REQUESTED BITS PER SECONINTEGER)
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION




TABLE L-6. ANALOG INPUT AND OUTPUT CHANNELS
FIELD BYTES FORMAT DESCRIPTION
CHANNEL TYPE 2 BINARY 2 =8 MBIT PCM OUTPUT
9 =20 MBIT PCM OUTPUT
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THIS EIANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX IS-1.
ENABLED 1 ASCII IF ENABLED, THE CHANNEL IS
RECORDED (“Y” OR “N").
ACTUAL RATE 4 BINARY ACTUAL WORD RATE IN WORDS PER
SECOND
WORDS PER FRAME 4 BINARY NUMBER OF WORDS PER FRAME
OUTPUT MODES 1 BINARY IF BIT O (LSB) SET, BURST MOB IF BIT 1
SET, BI-PHASE; ELSE NRZ-L.
RESERVED 3 N/A N/A
BITS PER WORD 2 BINARY NUMBER OF BITS PER WORD
BITS PRECEDING 4 BINARY NUMBER OF BITS IN THE FRAMEHAT
MUST PRECEDE THIS CHANNEL
CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)
MODULE ID 1 BINARY MODULE ID = HEX 21
RESERVED 1 N/A N/A
REQUESTED RATE 4 BINARY REQUESTED BITS PER SECOND
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION




TABLE L-7. ANALOG INPUT AND OUTPUT CHANNELS
FIELD BYTES | FORMAT DESCRIPTION
*CHANNEL TYPE 2 BINARY 5 =LF ANALOG INPUT
6 = HF ANALOG INPUT
7 = ANALOG OUTPUT
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THISCHANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX IS-1.
*ENABLED 1 ASCII IF ENABLED, THE CHANNEL IS
RECORDED (“Y” OR “N").
ACTUAL RATE 4 BINARY ACTUAL SAMPLE RATE IN SAMPLES PER
SECOND
SAMPLES PER FRAME 4 BINARY NUMBER OR SAMPLES PERAME
FILTER NUMBER 1 BINARY O0=FILTER 1
1=FILTER 2
2=FILTER 3
3=FILTER 4
RESERVED 3 N/A N/A
*BITS PER SAMPLE 2 BINARY NUMBER OF BITS PER SAMPL{B OR 12)
RESERVED 4 N/A N/A
*CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)
*MODULE ID 1 BINARY MODULE ID = 34 HEX (LF) OR 33 HEX (HF)
RESERVED 1 N/A N/A
*REQUESTED RATE 4 BINARY REQUESTED SAMPLES PER SERD
RESERVED 2 N/A N/A
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION




TABLE L-8. PARALLEL INPUT CHANNELS
FIELD BYTES | FORMAT DESCRIPTION
*CHANNEL TYPE 2 BINARY 13 = NEW PARALLEL INPUT
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THISCHANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX 1S-1.
*ENABLED 1 ASCII IF ENABLED, THE CHANNEL IS
RECORDED (“Y” OR “N").
ACTUAL RATE 4 BINARY ACTUAL WORDS PER SECOND
WORDS PER FRAME 4 BINARY NUMBER OF WORDS PER FRAM
RESERVED 4 N/A N/A
BITS PER WORD 2 BINARY NUMBER OF BITS PER WORD
WORDS PRECEDING 4 BINARY NUMBER OF WORDS IN THRAME
THAT MUST PRECEDE THIS CHANNEL
*CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)
*MODULE ID 1 BINARY MODULE ID = HEX 92
RESERVED 1 N/A N/A
*REQUESTED RATE 4 BINARY REQUESTED WORDS PER SECOND
INPUT MODE 1 BINARY 0 = FOUR 8-BIT CHANNELS
1 = ONE 16-BIT, TWO 8-BIT (CURRENTLY
UNAVAILABLE)
2 =TWO 16-BIT (CURRENTLY
UNAVAILABLE)
3 = ONE 32-BIT (CURRENTLY
UNAVAILABLE)
4 = ONE 24-BIT, ONE 8-BIT (CURRENTLY
UNAVAILABLE)
RESERVED 1 N/A N/A
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION




TABLE L-9. PARALLEL OUTPUT CHANNELS

FIELD BYTES | FORMAT DESCRIPTION
CHANNEL TYPE 2 BINARY 14 = NEW PARALLEL OUTPUT
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THIS GANNEL

IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX I1S-1.

ENABLED 1 ASCII IF ENABLED, THE CHANNEL IS
RECORDED (“Y” OR “N”).

ACTUAL RATE 4 BINARY ACTUAL WORD RATE IN WORDS PER
SECOND

WORDS PER FRAME 4 BINARY NUMBER OF WORDS PER FRAME

RESERVED 4 N/A N/A

BITS PER WORD 2 BINARY NUMBER OF BITS PER WORD

WORDS PRECEDING 4 BINARY NUMBER OF WORDS IN THE FRA
THAT MUST PRECEDE THIS CHANNEL

CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)

MODULE ID 1 BINARY MODULE ID = HEX A2

RESERVED 1 N/A N/A

REQUESTED RATE 4 BINARY REQUESTED WORDS PER SECOND

OUTPUT MODE 1 BINARY 0 = FOUR 8-BIT CHANNELS

1 =ONE 16-BIT, TWO 8-BIT
2 =TWO 16-BIT CHANNELS
3 = ONE 32-BIT CHANNEL

4 = ONE 24-BIT, ONE 8-BIT
7 =TWO 8-BIT DCRSI MODE

RECONSTRUCT MODE 1 BINARY 0 = DATA IS FROM MODULE THER
THAN PARALLEL INPUT.

1 =DATA IS FROM PARALLEL INPUT.

VALID ONLY FOR OUTPUT MODE.

DCRSI OUTPUT 1 BINARY 0 = HEADER AND DATA

1 =HEADER ONLY

3 = DATA VALID ONLY FOR OUTPUT
MODE 7.




TABLE L-9 (Cont'd). PARALLEL OUTPUT CHANNELS

FIELD BYTES | FORMAT DESCRIPTION
BURST SELECT 1 BINARY 0 = CONSTANT
1=BURST
HANDSHAKE SELECT 1 BINARY 0 = DISABLE HANDSHAKING

1 = ENABLE HANDSHAKING

DESCRIPTION 20 ASCII CHANNEL DESCRIPTION
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TABLE L-10. TIME CODE INPUT CHANNELS

FIELD BYTES | FORMAT DESCRIPTION
*CHANNEL TYPE 2 BINARY TIME CODE MUST APPEAR AS A GOUP
OF 3 CHANNELS, EVEN THOUGH THE
USER INTERFACE ONLY DISPLAYS A
SINGLE CHANNEL. THE RESPECTIVE
TYPES ARE 15, 19, AND 20.
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THISCHANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX I1S-1.
*ENABLED 1 ASCII “Y” OR “N”
ACTUAL RATE 4 BINARY 1
SAMPLES PER FRAME 4 BINARY 1
RESERVED 4 N/A N/A
*BITS PER WORD 2 BINARY 24 FOR CHANNEL TYPE 15
24 FOR CHANNEL TYPE 19
16 FOR CHANNEL TYPE 20
RESERVED 4 N/A N/A
*CHANNEL NUMBER 2 BINARY 0 FOR CHANNEL TYPE 15
1 FOR CHANNEL TYPE 19
2 FOR CHANNEL TYPE 20
*MODULE ID 1 BINARY MODULE ID = HEX B1
RESERVED 1 N/A N/A
*REQUEST SAMPLE 4 BINARY 1
RATE
*BITS PER SAMPLE 2 BINARY 24 FOR CHANNEL TYPE 15
24 FOR CHANNEL TYPE 19
16 FOR CHANNEL TYPE 20
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION
RESERVED 4 N/A N/A
TCI MODE 1 BINARY 0 = GENERATE TIME
1 = USE EXTERNAL IRIG SOURCE
RESERVED 3 N/A N/A
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TABLE L-11. TIME CODE OUTPUT CHANNELS

FIELD BYTES | FORMAT DESCRIPTION
CHANNEL TYPE 2 BINARY TIME CODE MUST APPEAR AS A GRUP
OF 3 CHANNELS, EVEN THOUGH THE
USER INTERFACE ONLY DISPLAYS A
SINGLE CHANNEL. THE RESPECTIVE
TYPES ARE 17, 21 AND 22.
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THIS EBANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX I1S-1.
ENABLED 1 ASCII “Y” - ENABLED, OR “N” - DISABLED
ACTUAL RATE 4 BINARY 1
SAMPLES PER FRAME 4 BINARY 1
RESERVED 4 N/A N/A
BITS PER WORD 2 BINARY 24 FOR CHANNEL TYPE 17
24 FOR CHANNEL TYPE 21
16 FOR CHANNEL TYPE 22
RESERVED 4 N/A N/A
CHANNEL NUMBER 2 BINARY 0 FOR CHANNEL TYPE 17
1 FOR CHANNEL TYPE 21
2 FOR CHANNEL TYPE 22
MODULE ID 1 BINARY MODULE ID = HEX B1
RESERVED 1 N/A N/A
REQUESTED SAMPLE 4 BINARY 1
RATE
BITS PER SAMPLE 2 BINARY 24 FOR CHANNEL TYPE 17
24 FOR CHANNEL TYPE 21
16 FOR CHANNEL TYPE 22
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION
RESERVED 4 N/A N/A
TCO MODE 1 BINARY 0 - GENERATE TIME
1 - USE TIME FROM RECORDED TAPE
RESERVED 3 N/A N/A
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TABLE L-12. VOICE INPUT CHANNEL

FIELD BYTES FORMAT DESCRIPTION
*CHANNEL TYPE 2 BINARY 16
MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THISCHANNEL

IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX I1S-1.

*ENABLED 1 ASCII “Y" - ENABLED, OR “N” - DISABLED
ACTUAL RATE 4 BINARY ACTUAL SAMPLE RATE IN SAMPLES PER
SECOND
SAMPLES PER 4 BINARY NUMBER OF SAMPLES PER FRAME
FRAME
RESERVED 4 N/A N/A
*BITS PER WORD 2 BINARY 8
RESERVED 4 N/A N/A
*CHANNEL NUMBER 2 BINARY 3
*MODULE ID 1 BINARY MODULE ID = HEX B1
RESERVED 1 N/A N/A
*REQUESTED 4 BINARY 2K, 5K, 10K, 20K, 50K, OR 100K
SAMPLE RATE
*BITS PER SAMPLE 2 BINARY 8
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION
RESERVED 1 N/A N/A
VOLTAGE GAIN 2 BINARY 0-GAINOF 1
1- GAINOF 2
2-GAIN OF 4
3 - GAIN OF 8
RESERVED 5 N/A N/A
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TABLE L-13. VOICE OUTPUT CHANNELS

FIELD BYTES FORMAT DESCRIPTION

CHANNEL TYPE 2 BINARY 18

MAPPED CHANNEL 2 BINARY INDEX OF THE CHANNEL THIS BANNEL
IS MAPPED TO. IF THE CHANNEL IS NOT
MAPPED, THE INDEX 1S-1

ENABLED 1 ASCII “Y” - ENABLED, OR “N” - DISABLED

ACTUAL RATE 4 BINARY ACTUAL SAMPLE RATE IN SAMPLESPER
SECOND

SAMPLES PER 4 BINARY NUMBER OF SAMPLES PER FRAME

FRAME

RESERVED 4 N/A N/A

BITS PER WORD 2 BINARY 8

RESERVED 4 N/A N/A

CHANNEL NUMBER 2 BINARY 3

MODULE ID 1 BINARY MODULE ID = HEX B1

RESERVED 1 N/A N/A

REQUEST SAMPLE 4 BINARY NUMBER OF SAMPLES PER SECOND

RATE

BITS PER SAMPLE 2 BINARY 8

DESCRIPTION 20 ASCII CHANNEL DESCRIPTION

RESERVED 8 N/A N/A
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TABLE L-14. BIT SYNC INPUT CHANNELS

FIELD BYTES FORMAT DESCRIPTION
CHANNEL TYPE 2 BINARY 23
RESERVED 2 N/A N/A
ENABLED 1 ASCII “Y” - ENABLED, OR “N” - DISABLED
ACTUAL RATE 4 BINARY ACTUAL WORD RATE IN WORDS PER
SECOND
WORDS PER FRAME 4 BINARY NUMBER OR WORDS PER FRAME
RESERVED 4 N/A N/A
BITS PER WORD 2 BINARY 16
RESERVED 4 N/A N/A
CHANNEL NUMBER 2 BINARY CHANNEL ON MODULE (0-3)
MODULE ID 1 BINARY MODULE ID = HEXADECIMAL 13
RESERVED 1 N/A N/A
REQUESTED RATE 4 BINARY BITS PER SECOND
DESCRIPTION 20 ASCII CHANNEL DESCRIPTION
INSTALLED 1 BINARY 0 = DAUGHTER BOARD NOT INSTALLED
1 = DAUGHTER BOARD INSTALLED
PCM 1 BINARY GEOGRAPHICAL ADDRESS OF THE
GEOGRAPHICAL. ASSOCIATED PCM INPUT CHANNEL
ADDRESS
SOURCE CLOCK 1 BINARY 0=SOURCE A
1=SOURCE B
RESERVED 7 N/A N/A
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2.3 Trailer Section The trailer section contains the setup desoripgind the checksum
(see Tablé.-15). Early versions of the setup do not contain ithfisrmation. The “Setup
Keys” field in the header indicates the contentheftrailer section.

TABLE L-15. TRAILER SECTION FORMAT

FIELD BYTES | FORMAT DESCRIPTION
SETUP 40 ASCII DESCRIPTION OF THE SETUP
DESCRIPTION

SAVED SCANLIST VARIES | BINARY NUMBER OF BYTES DEPEN® ON THE
NUMBER OF CHANNELS BEING
RECORDED.

CHECKSUM 4 BINARY SUM OF ALL SETUP BYTES

2.4 Saved Scan-list Structur&his is an array of enabled input channels ittegdte up the
calculated scan-list. Each element of the arraydde up of two fields, an index field and a
count field. The length of the index field is dmge, and the length of the count field is two
bytes.

» The index field, which is 1-based, is determinedh®yposition of the channel’s module
in the ARMOR system. The first input channel foundhe ARMOR system is assigned
an index of 1, the next input channel is assign2daand so on. The search for input
modules starts at slot 1. Filler bytes are assigmeindex value of 255.

» The count field is the number of words/samplesffzane that is assigned to that input
channel.

2.5 Creating a Setup BloclCreating a Setup Block involves two steps. himfirst step, the

user creates an “input” setup block file as degctibelow in this section. Most of the fields in
the input setup block file are unspecified (fillwith zeros). In the second step, the input setup
block file is read by the ARMOR compiler progranatiproduces a new setup block file with all
the unspecified fields initialized to the appropeigalues. In other words, a setup block has two
types of fields, user specified and compiler geteeta Note that all compiler generated fields
must be provided in the input setup block file &mitlalized with zeros prior to executing the
ARMOR compiler program.

The rules presented in this section must be aiplfollowed to create an ARMOR input
setup block. Values for fields identified in theepious tables with an asterisk preceding the
field name must be provided. In some cases theegdbr these required fields are constant and
are specified in the tables above. In other cabegyser must provide the desired value. All
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fields with names not identified with asterisks o initialized to binary zero. This includes
both “unused” and “reserved” fields.

Only input channel information entries are requlir®©utput channel information entries
are ignored by the ARMOR compiler program.

2.5.1 Header Section

Setup Length: Count the total numbers of byteténcreated setup block and put the
value here.

Setup Keys: Set bit 0 = 1 if the trailer contad description. Leave other bits = 0.

Input Count: Enter the total number of inputrfel information entries, including both
enabled and disabled entries.

2.5.2 Channel SectiorPCM, low frequency (LF) analog, and parallguhchannel information
entries must be included in the setup block in gsoof four entries per type. High frequency (HF)
analog input channel information entries must loduitted in the setup block in groups of two
entries per type. Time code/voice input channfelrmation entries must be included in groups of
three time code entries and one voice entry. 8pegian ASCII “N” in the enabled field must
disable all unused input channel information estrieor each channel information entry group, the
channel number field of the first entry in the gods O (zero), the second entry is 1, the third, is
and the fourth is 3. For the time code/voice grdhp time code entry channel number fields are 0,
1, and 2, respectively, while the voice entry cr@dmumber field is 3. HF analog entry channel
number fields are 0 and 1, respectively.

Description fields are not required and are net#jed below. However, it is advisable to
include an ASCII description of each channel fdufa reference.

2.5.2.1 PCM Input Channels

Channel Type: Binary 8

Enabled: ASCII “Y” if enabled, “N” if disabled
Channel Number: Binary 0, 1, 2, or 3 as descriheti5.2 above
Module ID: Hexadecimal 11

Requested Rate: Binary integer rate in bits peors#

2.5.2.2 Analog Input Channels

Channel Type: Binary 5 for LF (up to 1 megasanggle), 6 for HF (up to 10
megasamples/sec)
Enabled: “Y” if enabled, “N” if disabled

Bits per Sample: 8or12
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Channel Number: 0, 1, 2, or 3 as described irkZabove
Module ID: Hexadecimal 34 (LF) or 33 (HF)
Requested Rate: Binary integer 2K, 5K, 10K, 208K 5100K,
200K, 05Q 1M (LF, HF) 2.5M, 5M, 10M (HF only)

2.5.2.3 Parallel Input Channels

Channel Type: Decimal 13

Enabled: “Y” if enabled, “N” if disabled

Channel Number: 0, 1, 2, or 3 as described irkabove
Module ID: Hexadecimal 92

Requested Rate: Binary integer 8-bit words (bypes)second

2.5.2.4 Time Code Input Channels

Channel Type: Decimal 15%Entry) , 19 (¥ entry), 20 (%' entry)

Enabled: “Y” if enabled, “N” if disabled, all tee entries must be the same
Bits per Word: Decimal 24 {entry), 24 (2 entry), 16 (3 entry)

Channel Number: 0, 1, or 2 as described in 2.bore

Module ID: Hexadecimal B1

Requested Rate: 1

Bits per Sample: Decimal 24%&ntry), 24 (2 entry), 16 (3 entry)

2.5.2.5 Voice Input Channels

Channel Type: Decimal 16

Enabled: “Y” if enabled, “N” if disabled
Bits per Word: 8

Channel Number: 3 as described in 2.5.2 above
Requested Rate: Integer 2K, 5K, 10K, 50K, 100K

Bits per Sample: 8
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2.5.3 Trailer SectianThe trailer section of the input setup blockdd required. The user may
include an ASCII text setup description in thelénasection by setting the setup keys bit 0 =1 in
the header section (see sect®B.]) and adding the setup description field only ia trailer
section.

2.5.4 ARMOR Compiler Program Operational instructions for the ARMOR compiler
program are provided in the readme.txt file prodiedth the compiler (see section
6.17.3.).
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APPENDIX M

1.0 Introduction

This appendix summarizes a study of the differéeti@oder originally adopted by the U.S.
Department of Defense (DoD) Advanced Range Telgn{@iRTM) project and the Range
Commanders Council (RCC) and incorporated intdrkerrange Instrumentation Group
(IRIG) Standard 106 (IRIG-106) (referendé-1]) for Feher's Quadrature Phase Shift Keying
(FQPSK-BJ® modulation. The study, performed by Mr. Robeftets of the TYBRIN
Corporation, was prompted by inquiries from indysapresentatives who were concerned that this
particular differential code was not associatedhwitmmercial telecommunication standards and
the fact that manufacturers had experienced cafusier correct implementation. The study
results shown in this appendix prove the code tmbast, reliable, and applicable to Shaped Offset
QPSK (SOQPSK-TGY as well as FQPSK-B and FQPSK-IR.

This appendix is organized along the following stowe. Paragraph 2 describes the need for
differential encoding. Paragraph 3 explains thiSHR06 differential code for OQPSKs. Paragraph
4 demonstrates differential code’s invariance wétbpect to constellation rotation. Paragraph 5
shows the differential decoder to be self-synctriogi. Paragraph 6 reviews the differential
decoder’s error propagation characteristics. Rapdg7 analyzes a recursive implementation of the
differential code and Paragraph 8 describes ui@s€ode with frequency modulator based
SOQPSK transmitters. A description of the impletaBan of the entire coding and decoding
process can be seen at Annex 1 to this appendix.

2.0  The Need For Differential Encoding

Practical carrier recovery techniques like Costap$ and squaring loops exhibit a
troublesome M-fold carrier phase ambiguity. A diggon of ambiguity problems and how to
overcome them are shown in the following paragraghhbis appendix.

Shown below at Figur®l-1 is a simplified quadriphase transmission systeahithone of
the methods recommended for transparent point-to-pansport of a serial binary data stream.
Transparent means that only revenue bearing détanismitted. There is no in-line channel coding
nor is special bit pattern insertion allowed. Hssumption is made for a non-return-to-zero-level
(NRZ-L) data stream containing the bit sequeln(cd b) transmitted at ratg, = 1/T, bits per
second. For QPSK and OQPSK modulations, the fgidsst is divided into subseéts” containing
even numbered bits afid” containing odd numbered bits. The transmissite aasociated with

“8 FQPSK-B is a proprietary variation of “Offset” QREOQPSK), Digcom Inc., El Macero, California.

4% SeeChapter 2andAppendix-Afor details on SOQPSK-TG (formerly SOQPSK-A*).

%0 FQPSK-JR is an FQPSK variant developed by Mr. Ralefferis, TYBRIN Corporation,and Mr. Rich Forrsigir,
RF Networks, Inc.




the split symbol streams is=* /2 symbols per second. Symbol values are coeweo code
symbols by the differential encoder described utisa 3.0 below. A baseband waveform
generator converts the digital symbol time semés continuous time signals suitable for driving
the vector modulator as prescribed for the pasicoiodulation in use. Thus, each subset
modulates one of two orthogonal subcarriers, thephiase” ) channel, and the “quadratured)(
channel. The modulator combines these subcarderating a phase modulated RF sigggl On
the receive side, demodulation separates the gidrsatranslates them back to baseband, and
constructs replicas of the code symbol seE¢rTs) andO’(nTs). Decoding reverses the encoding
process and a multiplexer (MUX) recreates a remidhe bit strean’(nTy).

TRANSHI T

e(XT ) I(xE ) N\ Iie)
BASEB RND Sre)
{dral,)} vl ENCODER TRVEF ORX HODULATOR it
. o) | e ror | 218 :
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Figure M-1. Transmission System.

Most QPSK and OQPSK systems employ coherent dematiolul FigureM-2 is a
simplified diagram of commonly used modulation aetnhodulation structures. Note the optional
single bit delay shown in the odd symbol path. sTdreates the significant difference between
QPSK and OQPSK, the delay being inserted to cl@@BSK>' Practical carrier recovery
techniques like Costas loops and squaring loopibiexéhtroublesome M-fold phase ambiguity
(M=4 for QPSK and OQPSK) (see referefige2]). Each time the demodulator carrier
synchronizer phase locks to the modulator locallasar(LO) its absolute phase relationship to the
LO contains the offset terfiwhich can take on values of &, 11/2, or Tt radians?

®1 The delay can be inserted into either channek IRMG-106 convention and most published literategarding
FQPSK and SOQPSK indicate the delay in the od@jarhannel.

%2 The initial offset angleis generally unknown and uncontrolled; it is tradloy the carrier recovery circuitry and the
symbol timing circuits automatically ignore.
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Figure M-2. OFFSET QPSK 106 Symbol to Phase Mapg@ianvention.

The symbol detectors have insufficient informatiordetermine which phase offset exists.
They always interpret demodulator output with tesumption tha=0. The resulting constellation
axis rotations and their impact on demodulator ougve shown at Figufd-3 and TableM-1. The
180-degree rotation is symmetric. The Axis (subleBrassignment is unchanged but the sense
(polarity) of both axes gets reversed. The 90-ekegnd 270-degree rotations are asymmetric. Axis
assignment is swapped and one axis polarity igsedein each case.

Possible Constellation

(o)
9@‘9’ Q Rotations . o™

Figure M-3. Detection ambiguity.



TABLE M-1. CONSTELLATION AXIS ROTATIONS
Rotation +’ +Q
0 | Q
T2 -Q |
s - -Q
32 Q -1

3.0 A Simple Solution To The Carrier Phase Ambiguit Problem

Differential encoding has been used to work ardinedcarrier ambiguity for many years.
For phase modulations, source data is coded satlpliasalifferencegather than absolute phase
coordinates become the information-bearing attelmftthe signal. The QPSK and OQPSK
modulations usé andQ independently, with each channel transportingsymebol stream.
Starting with the first binary digit, bit O, evenmbered bits form the sequeneg}{and odd
numbered bits form the sequen@g.{} where the counting index is changed from theriiexn to
the symbol pair index

k=2n k0O {0246,...} M -1)

FigureM-4 illustrates how QPSK modulators process bits irsp@ibits), mapping and
asserting time coincident symbol phase coordin@ig3)>. Phase state changes commence and
end onsymbolinterval timing boundaries, each state taking ne of four possible values at
detector decision instants. However, the casatefeast is shown in Figuid-5.

BIT#:0|1 2‘3 4|5 GIT 8|9 10|11|

+14 -

I(t)
-1
(0,0) (LD (©.1) (1,0) (0,0) (LD
+11
Q(t)
-1
P time
SYMBOL #: 0 1 2 3 4 5
PHASE STATE: 1] 1 2 3 4 5

Figure M-4. QPSK State Timing

%3 Rectangulat andQ baseband waveforms are used only for illustration.
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Figure M-5. OFFSET QPSK State Timing.

The Q channel half-symbol delay causes OQPSK pinaigetories to evolve on a half-
symbol (bit) rate basis. For the particular cadfdsQPSK and SOQPSK-TG, carrier phase either
remains unchanged or changest4 or+1v2 radians over the pending bit interval.

The OQPSK inter-channel delay might at first seediffaecult complication because it
creates additional ambiguity; in other words, theeiver must resolve relative inter-channel delay.
However, as shown below, this is not a problem.

The differential encoding rule adopted in IRIG-106 OQPSK appears in reference
M-4] and is therein attributed to Clewer in referefdde5] and Weber in referengil-6]. Bit by
bit, the code symbol set&f{} and {Ok.;) are formed with the Boolean expressions:

E =600 (M -2a)
M-2)
Ousy = 0 O Ey (M - 2b)

Two bits are coded for each valuekah a two-step process. First, the even syniilyad
coded with current bi#. Then the next bitgk.1 becomes current and the odd symbgl; is
computed. In each code set the exclusive-or opreigtpplied to the state defining variables just
like BPSK differential encoding. Unlike BPSK hovegythe current source bit and the most recent
code symbol from the other channel determine adjgulease transitions. Also note the asymmetry
of these equations introduced by the inverted sydabol in equation (M-2a). Its significance will
become evident in the next section.

The code symbol set&f and {O} are applied to thé andQ channels of the OQPSK
modulator. The initial assignment dE}{to eitherl or Q can be made arbitrarily. However, with
this code definition, once the choice is made attiodulator, decoding will fail if channel
assignment conventions change anywhere duringaherhission or decoding processes. Thus, the
assignment convention must extend to the physicalutator and demodulator. IRIG -06 assigns
to the physical subcarrier (also known as the “real” or “cosinabesarrier) and@ is



applied to the physic&) subcarrier (also known as the “imaginary” or “Sieabcarrier). In order
to stress this assignment convention, IRIG-106 esg®s equation (M-2) explicitly in terms of the

andQ channel variables:
I = e 0 Quu (M -3a)

k0{0246..} (M -3)
Q(k+1) = Ok Ul (M -3b)

Decoding is straightforward. Wh=0, I'=l, andQ’=Q, inspection of the following truth
tables reveals simple decoding instructions:

Equation(M - 3a) Equation(M - 3b)

Ik (j(k—l) ek Q(k+1) Ik 0(k+1)

0O 0 O 0O 0 O

0 1 1 1 0 1 = decodingequation

1 0 1 o 1 1

1 1 0 1 1 0

€. =1 D(jlk—l (M -4a)

k0{ 0,246,.} (M -4)

0,1 = Q' O (M - 4b)

The equations at (M-3) may not convey an intuisemse of the shift from absolute phase

states to phase differences. Extending (M-3a)Wwagds in time by substituting (M-3b) into
(M-3a) results in:

lk:ekD(Ok—lljlk—z)zlk—ZD(eKDOk—l) (M -5)

Similarly, for the next bit interval the resultsar
Q.=0.0(60Q.)=Q,0(.08) (M-6)

This recursive form clearly shows that on a bibiiybasis, the current and most recent bits
control phase trajectomypotion not absolute phase. Note that (M-5) and (M-6hdbdefine the
sign of a phase change. Predictable decoder orgquires that two additional conventions be
established and maintained. Boolean logic poladtyventions used throughout the system must
be consistent. IRIG-10&ssumepositive true logic. Finally, sign conventionsdazhannel



assignment used within the transmitter (basebayhkgenerator and modulator) and the receiver
(demodulator) must be constrained to produce aisten$é code symbol to phase mapping
convention. The IRIG-106 convention is shown igufeM-2. For example, if {b} were to consist
entirely of logic one values, i.e., a run of 1% thfferential encoding process and mapping
convention will produce the phase trajectory shawnableM-2.

TABLE M-2. RESPONSE TO RUN OF 1S

n [ bn)| k Ik | Q1 | Qus1 | Phase (deg)| PhaseA
0 1 0 0 0* 225*

1 1 1 135 -T2
2 1 1 1 1 45 -T2
3 1 0 315 -T2
4 1 2 0 0 225 -T2
5 1 1 135 -T2

* denotes assumed initial conditions

The trajectory spins clockwise, and the phaset&ded by 90 degrees during each bit
interval®® Obviously, any single (unbalanced) sign changkaty change to the mapping
convention will alter the trajectory.

4.0 Immunity to Carrier Phase Rotation

The equations at (M-3) and (M-4) are invariant witspect to cardinal constellation rotation
as shown in the following:

Proof:

The =0 case is decoded correctly by definition accordingquations (M-5) and (M-6). At
TableM- 1, when =tthere is no axis swap but the decoder is presavitad

Qv = Quu

% FQPSK-B, FQPSK -JR and SOQPSK-TG modulations respoa run of 1s with an S(t) that is ideally,Lagtone
at frequency fry/4 Hz. This is referred as “lower sideband” modienifrly, a run of zeroes will produce a constant
anti-clockwise trajectory spin and a tone&t§4 Hz (“‘upper sideband” mode).



Decoding will progress as follows:
Step 1 Even channel; apply equation (M-4a);
€ =1 0Qu =1, 0Qu =1, UQy =&
Step 2 Odd channel; apply equation (M-4b);
01 = Quat 01 = Qe O Ty = Qg O 1y = 0y
Thus, symmetric rotation is transparent to theecdd/her3=1v2 the decoder sees
' = ék—l
Qe = i
Decoding takes place in the same sequence:
Step 1 even channel, apply equation (M-4a);
€ =1 0Q%1=Qa Ol =1, 0Qy =04
Step 2 odd channel, apply equation (M-4b);
01 = Qe 01 = 1, 0 Qg = &
In this case the bit sequence is recovered coyrantl the code definition coupled with
consistent sign conventions automatically compesstatr the asymmetric rotation by reversing the
application order of (4a) and (4b). It is notedttthe output indexes are shifted back in timelihe

period. Asymmetric rotation causes a one-bit delaye decoding process. Finally, the same
result is seen whe=3rv2:

"= Qe
Qi = Ik

Step 1 Even channel; apply equation (M-4a);
€ =1 0Q4=Quu Ul =1, 0Qy =04
Step 2 Odd channel; apply equation (M-4b);

0= Q01 =1, 0Qy =1, 0Q, =&



In all cases the decoder correctly reproduces tiginal bit sequence. Decoding is
instantaneous for symmetric rotations but it isagletl by one bit in 2 out of 4 possible asymmetric
rotation startup scenarios.

The need for consistent function assignment nowtoes clear. Application of (4b) to a
code symbol formed with (3a) produces the compleératthe original bit. Likewise, application
of (4a) to a symbol coded with (3b) inverts theutes

At this point, the OQPSK inter-channel delay amhigmentioned in section 2 has not been
resolved. The roles ¢f andQ’ reverse with asymmetric rotations and there isvap to determine
when this occurs. However, as long as the codéeslytime sequence is preserved at the decoder
and the roles df andQ’ do not get reversed in terms of the applicatio(6aj and (6b), inter-
channel delay is transparent to the code with @gpeeconstruction of the original data
sequencé®

5.0 Initial Values

Equations at (M-3) and (M-4) do not impose any enpéntation constraints on initial
values when encoding or decoding starts. To aworifiis it is assumed that hardware power-up (or
initial data presentation) may cause encoding toraence with either channel. It is further
assumed that no provisions for specific initialuesd in encoder and decoder state memories have
been made. If coding starts witlisee equation M-3adhe first code symbol will be computed:

[1oll =& 0{Qu4)

where(.) denotes an unknown initial value and double vaftiars denote computed values
influenced by initial values. Encoding equations3land M-3b will progress as follows:

Ql=a.0[1
Iod=e. [

As can be seen, the initial values do establishatisolute sense of code symbols for the
duration of transmission. But, on both ends offitaeess, two of three terms in every equation are
affected consistently by the initial value, whichdymmetry has no effect on the outcome of
exclusive-or operations. Obviously, identical tesaccur if the encoder starts with
Independent of starting channel and initial vahent the first and all subsequent adjacent code
symbol pairs contain valid statbangeinformation.

%5 |f for some reason the system application requirasone can determine whether a specific symias! eviginally
transmitted vid or Q, then this code is not appropriate.



Initial decoder values can produce errors. Agtartisg withl, and using equations
(M-4a) and (4b), decoding will progress as follows:

€| = 1, 0(QL)
0,=Q 0l

It is seen that on the second cycle the initialigalf the decoder has been flushed out. At
most, one bit will be decoded in error. Similaifydecoding starts witkQ, output will progress:

o'

=Q,0(l")
e,=1,0Q"

Again, only the first decoded bit may be incorre€he conclusion, then, is that initial
values can produce at most, one decoded bit erfowever, there is another source of startup
errors that is seen as an initial value probleractiSn 4.0 showed that odd phase rotatiovid &nd
3172) cause a single bit delay in the decoder. Eramithis further, the first symbol index value
will be k = 0. If the decoder starts with equation (M-4a), firet decoded bit will be:

&§=1lo0 <6—'1> =15 0(Qq) =(0y)
If the decoder starts with equation (M-4b) thetfresult will be:
6, =Q 015 =1o0(Qu)=[e]

The first case produces the aforementioned deldwe decoder emits an extra bit. The
second bit emitted is actually the first bit of 8eguence reconstruction and is still subjectéo th
single initial value error probability of startupogessing. The latter case does not produce g;dela
it only presents the possibility of a first bit deking error.

6.0 Error Propagation

Differential encoding incurs a bit error penaltychese received code symbols influence
more than one decoded bit. First consider a sisygiebol detection error iourrentsymbolE’
which is labele@y. The following sequence of decoding steps shawsthe error propagates.
Since theE channel was chosen as current, decoding stattsegitation (M-4a). The single
detection error creates two sequential decodirg®rrBy symmetry we can state that the same
result occurs if a single error occursOn

b =& 0Q,, =b, = error
P11 = Qs O & =by,y > error
b'.r = E'v 2 0Q' 41 = by, = correct



Next is the case of two symbol detection errorsinaieg consecutively o’ andO’, i.e.,
detectors emit error symbdis,=¢, andO’y,1=€x+1. Starting again with equation (M-4a) yields:
by = & O Qg = by = error
B'csn) = Ekay U &k = O'any DEx = Biyeuqy = correct
D's2) = E'ke2) DEkar) = By = €101
D'+3) = O'krg) U E ' (ka2) = D43y = correct

Two consecutive symbol errors produce two decodimgrs but the errors are not adjacent.
The conclusion from this is that symbol detectiomes influence no more than two decoding
cycles, i.e., the maximum error multiplication facis 2.

7.0 Recursive Processing and Code Memory

Most systems reconstruct the original bit rate iclaad {b} by merging {€'} and {0’'}. For
a variety of reasons, designers might be temptedutiplex {I'} and {Q’} into a bit rate code
symbol sequenceBf} prior to decoding. However, the same consideretithat foster desire for
post-multiplex decoding are likely to be accompérbg loss of transmitted code symbol order, i.e.,
loss of knowledge whether a given code symbol ciome | or Q. The question arises as to
whether {B} alone contains enough information for unique dkog. The answer is “no”, and the
proof is shown below.

Proof:

An alluring decoding function can be derived bgpection of equations (M-5) and (M-6).
Equation (M-5) can be rearranged as follows:

=6 00,01, M-7)
Similarly, from equation (M-6) we can write

Qk+l = Ok+l U ek u 6k—1 (M _8)
Here are two instances of a seemingly identicaingve relationship, i.e., the current code
symbol is the difference between the current bd,grevious bit, and the inverse of the most recent

code symbol from the current channel. We can datete these equations by converting to post-
multiplex bit rate indexing, i.e.,

Bn = bn U b(n—l) U E(n—2) (M _9)

from which we can immediately write the decodingdtion

b, =y OB, 0B s (M -10)



On the surface it seems that equation (M-10)witk.>® However, these relations involve
two differences, rather than one, and therefom®dhice superfluous initial condition dependence.
For brevity, only the pitfalls of (M-10) are examed herein, assuming that a non-recursive encoder
is used. From startup, decoding will progressodews:

by = (b',) O B,O(B',)
[y = o] O B'1D<§'—1>
b, =| /b4 0 B',0B",
by =|b’,| O B,OBY

b'2

As seen, absolute polarity of the first and allsequent decoded bits is determined by three
(3) initial values. Absent appropriate a priodesinformation for selecting initial values, thespo
multiplex decoder offers a 50-50 chance of decodiiily correct polarity. The code sequence
defined by equations at (M-3) has a two-symbol mgmdédditional symbols do not provide new
information regarding the trajectory history. Anet way to view this problem is to note that this
recursive decoder does not guarantee preservdt®minol order, which is a prerequisite to
reliable decoding.

8.0 Frequency Impulse Sequence Mapping for SOQPSK

The SOQPSKs first described by Hill and Geohegaef@rencegM-7] and[M-8] are
defined as special cases of continuous phase mumu(€PM). Since 1998, at least two
manufacturers have exploited the fact that modéagitadl waveform synthesis techniques enable
direct implementation of the CPM equations withuatly ideal frequency modulators and filter
impulse responses. A generic model of these imghtations is at Figurl-6. The I and Q
channels, per se, do not exist in this transmitédrthe beginning of each bit interval, impulses
from the bit to impulse alphabet mapper directithgulse filter/frequency modulator to advance
the carrier phase by 90retard it by or 99 or leave the phase unchanged. This is acconeglish
with a ternary alphabet of frequenicypulseshaving normalized amplitudes of {-1,0,1}.
Obviously, this structure cannot be mapped dirdatly the constellation convention of a
guadriphase implementation because there is ndevegntrol absolute phase. The equations at
(M-3) can be applied to this non-quadrature archite via pre-coding. A general treatment
SOQPSK pre-coding is contained in referefdded]. It is easily shown that the pre-coding truth
table given in Tabl®1-3 applied to the model in Figuid-7 will yield a phase trajectory history
identical to one generated by the quadriphase equaut of Figurév-2 using the equations at (M-
3). However, one more constraint is necessargtabésh compatibility with the IRIG-106
guadriphase convention. Talle3 assumes the stipulation that positive sign impuégaees will
cause the modulator to increase carrier frequency.

% The interested reader is left to confirm that ¢igma(10) is indeed rotation invariant.
5" The so-called ternary alphabet is actually 2 himdphabets {-1,0} and {0,1}, the appropriate of®sen on a bit-by-
bit basis according to certain state transitioesul
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Figure M-6. Basic SOQPSK Transmitter.

TABLE M-3. SOQPSK PRE-CODING TABLE FOR IRIG-106 CO MPATIBILITY

MAP ax FROM Ik MAP ak+1 FROM Qk+1

[ Qk-1 l2 AD o Qk+1 I Qx-1 AP Olk+1

-1 X* -1 0 0 -1 X* -1 0 0

+1 X* +1 0 0 +1 X* +1 0 0

-1 -1 +1 -T2 -1 -1 -1 +1 +172 +1

-1 +1 +1 +172 +1 -1 +1 +1 -T2 -1

+1 -1 -1 +172 +1 +1 -1 -1 -T2 -1

+1 +1 -1 -T2 -1 +1 +1 -1 +172 +1
* Note: Does not matter if “X"isa+1ora-1
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Figure M-7. OQPSK Transmitter (with precoder).




9.0 Summary®

This investigation confirmed that the differentaicoder defined in the equations at  (M-3)
is entirely satisfactory for SOQPSK, FQPSK-JR a@iPBEK-B systems where conventional
coherent demodulation and single symbol detectiarsed. In addition, a method of extending this
code to SOQPSK is presented without proof.

Specifically, the following has been shown:

a.

e.

When accompanied by consistent sign conventiongnsistent symbol to phase
mapping rule, and preservation of symbol order QEPSK differential code defined

in (M-3) and the decoding rule defined in (M-4Ydgation invariant and unambiguously
reconstructs the original data bit sequence.

Decoding is instantaneous.

Equations (M-3) and (M-4) do not require at@mto initial values.

At most, two consecutive output bits will be inarafter carrier and symbol
synchronization is acquired.

The recursive relations in (M-9) and (M-10) anebiguous and therefore unreliable.

f. The code exhibits a detection error multiplicatfactor of at most two.

%8 There is no doubt in the author’s mind that weititlen ground has been traveled in this investigatiThese
characteristics were probably validated in refeegdbt and by RF Networks Inc. before it incorporatedeheoder in
its model 5450F FQPSK demodulator product. Unfataly, none of this work is in the public domain.



ANNEX 1 TO APPENDIX M

SYSTEM LEVEL SOFTWARE REFERENCE IMPLEMENTATION OF
DIFFERENTIAL ENCODER DEFINED IN IRIG STANDARD 106 F OR
FQPSK AND SOQPSK MODULATIONS

1.0 Introduction

The Matlab®™ program listings below provide a Matfanction “Desysdemo” and an
execution control script “runDEdemo”. In the couitef differential encoding, the function
provides a complete system simulation includingfi@mntial encoder, an ideal vector modulator,
channel phase rotation, demodulation, the functiegaivalent of an ideal single symbol sample
and hold detector, and a decoder. The user catecsample data vectors or use the example data
provided. In addition, by manipulating the initi@lue vectors, all possible initial value and
demodulator phase rotation combinations of the gpladse implementation model can be
explored.

By setting the variable “style” to zero, the fulctiwill also emulate the pre-coded
frequency modulator architecture required for SORE SHowever, the initial value of transmitter
carrier phase is hard coded at 45 degrees. Thiglaae to avoid proliferation of initial value
options and is thought to be an insignificant oibisdecause it does not affect generality of the
phase rotation options.

It is assumed that the user is familiar with Mathadrkspace operation. The program relies
only on basic Matlab license libraries. Thereravespecial toolboxes or blocksets are required.

2.0 Matlab Workspace Operation

The user should place the script (shown below magraph 3.0 of this Annex) in the
directory of choice and make that directory curiierthe workspace. In order to execute the
“canned” example, the user needs to create thahlariexample” in the workspace and set its
value to 1.



Executing the script “runDEdemo” should produceftiiowing output:
results =

Model: Quadriphase Vector Modulator
Demodulator Phase Rotation = 0 degrees

Initial States: Encoder Encoder Decoder Decoder
Memory Channel Memory Channel

(0,0) 0 (0,0) 0
Input TX RX Output Decoding
Bit Phase Phase Bit Error
1 225 225 1 0
1 135 135 1 0
1 45 45 1 0
0 45 45 0 0
0 135 135 0 0
1 135 135 1 0
0 135 135 0 0
1 135 135 1 0
1 45 45 1 0
1 315 315 1 0
0 315 315 0 0
0 45 45 0 0
1 45 45 1 0
0 45 45 0 0

The first column of the results shown above ispdica of the input data vector. The second
column shows the initial value dependent evolutbtransmitted phase. The third column shows
the effect of any non-zero phase rotation choddre fourth column shows the decoded output bit
stream and the fifth column flags decoding erroith walues of 1. Certain combinations of phase
rotation and initial values will produce valuesih the fourth and fifth columns; results of this
nature are associated with cases that delay tipeitodécoding process by one bit.

Variable definitions and implied instructions foampulating the runtime options can be
obtained by using the normal Matlab help commamdifese specific programs.

3.0  Script For Modules
Electronic copies of these programs have been gredvio the DoD Range Commanders

Council, Telemetry Group. The script for the magutliscussed above is shown on the following
pages.



% Control Script ‘runDEdemo’, for running systemmuanstration
% of differential encoder and phase mapping coneent

% defined in RCC standard IRIG-106 for FQPSK-B miation.

% This version extends demonstration options tgteecoder

% required for implementing SOQPSK with frequenaydulators.

%

% Each example run requires input variables irMadab workspace:

%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%
%

"example" - a flag to run with user supplied datator or run
the example data set that consists of two itepet of a
a 7-bit pseudo random sequence(0=user, 1=example
"data" - optional user supplied binary bit seaqgetarbitrary length)
“rotation_choice" - pointer to demodulator phegtation options:
1=0, 2=pi/2, 3= pi, 4=3*pi/2
"InitTX" - vector of binary encoder startup vadue
initTX(1)= 1st of two encoder code symbol memeajues(binary, arbitrary)
initTX(2)= 2nd encoder code symbol memory vabiregry, arbitrary)
initTX(3)= starting channel for encoder(binadyl, 1=Q)
"initRX" - vector of binary decoding startup vaki
initRX(1)= 1st of two decoder state memory valbéary, arbitrary)
initRX(2)= 2nd decoder state memory value(binarpitrary)
initRX(3)= starting channel for decoder(binady), 1=Q)
"style" - 1=quadriphase transmitter architectti@®@R SK)
O=frequency modulator transmitter architeet{8OQP SK)
The example values are:
data=[11100101110010]
rotation_choice=1
initTX=[0 0 O]
initRX=[0 0 0]
style=1

% R.P.Jefferis, TYBRIN Corp., JULY, 2002
% SOQPSK model added 14JULO3
% This version has been tested with Matlab verstoR$.1

% *** Sample Input Setup ***

if example
data=[11100101110010]
rotation_choice=1;
initTX=[0 0 0];
initRX=[0 0 0];
style=1;

end

% ** Run the Reference Implementation ***



[test,delay]=DEsysdemo(data,rotation_choice,iniffiR X,style);
% *** Prepare Screen Output ***

ROTATION=[0 90 180 270];
if style
results=sprintf('Model: Quadriphase Vector Mot
else
results=sprintf('Model: Frequency modulator (SG&Pmodel\n')
end
results=[results sprintf(Demodulator Phase Rotatiéh3.0f
degrees\n',ROTATION(rotation_choice))];
results=[results sprintf('Initial States: Encodecé&ater Decoder Decoder\n)];

results=[results sprintf(’ Memory &inel Memory Channel\n’)];
results=[results sprintf(’ \nY)];
results=[results sprintf(’ (%d,%d)%d (%d,%d)  %d\n\n',...

iNitTX(1:2),initTX(3),initRX(1:2),initRX(3))}
results=[results sprintf( Input TX RX Out@Decoding\n")];
results=[results sprintf(' Bit Phase Phase Hirror\n’)];
results=[results sprintf(’ \nY)];
for n=1:length(data)
results=[results sprintf( %d  %3.0f %3.0f%d %d\n',...
test(n,))];

end
results

% END OF CONTROL SCRIPT

function [result,delay]= DEsysdemo(inbits,rotatiohoice,initTX,initRX,style)

% Reference simulation for Range Commanders Costarildard IRIG 106-2000
% FQPSK-B differential encoding and phase mapporyention.

%

% Input arguments: see "help" for "runDEdemo"” dcrip

% Output arguments:

% "result” - Mx5 matrix,M=number of input bits,ceiuns contain:
% (:,D)input bit,(:,2)TX phase,(;,3)RX phase,(o4fput bit,(:,5)status
% "delay"- overall encode/decode process deldjtin

% "TX" prefixes refer to transmitter/encoder vates) "RX" prefixes
% refer to receiver/decoder variables

% Robert P. Jefferis, TYBRIN Corp., July,2002.

% SOQPSK model added 14JUL03

% This version has been tested with Matlab versibris6.1
numbits=length(inbits)

% *kkkkkkkkkkhkkkkkkhk



% * Transmitter *

% *kkkkkkkhhkhkkhhkkhk

% *** differential encoder (also SOQPSK pre-codé&ry*

% encoder memory initial values:
% [(last I ch. code symbol) (last Q ch. code synibol
TXlastSYM=initTX(1:2);
% point encoder to either | or Q starting chanre)0
TXpoint=initTX(3);
for n=1:numbits
switch TXpoint
case 0
%TXlastSYM
% compute "current” | channel code symbol
TXnewlSYM=xor(inbits(n),~TXlastSYM(2));
TXcodeSYM(n,:)=[TXnewISYM TXlastSYM(2)]; % newhase coordinates(l,Q)
TXlastSYM(1)=TXnewlSYM; % update encoder menstate
TXpoint = ~TXpoint; % point to Q channel dqr next bit
case 1
% compute "current" Q channel code symbol
TXnewQSYM=xor(inbits(n), TXlastSYM(1));
TXcodeSYM(n,:)=[TXlastSYM(1) TXnewQSYM]; % nephase coordinates(l,Q)
TXlastSYM(2)=TXnewQSYM;% update encoder meynstate
TXpoint= ~TXpoint; % point to | channel egrext bit
otherwise
disp('Invalid Specification of Encoder stagtichannel’);
end
end

% *** modulate ***

switch style
case 1 % ** Quadriphase vector modulator **

% RCC IRIG 106 FQPSK-B phase mapping conven{io®)
for n=1:numbits
index=floor(2*TXcodeSYM(n,1)+TXcodeSYM(n,2));
switch index
case 3 % [1 1]
TXphase(n)=45; % TX phase angle, degrees
case 1 % [0 1]
TXphase(n)=135;
case 0 % [0 0]
TXphase(n)=225;
case 2 % [1 0]



TXphase(n)=315;
otherwise, disp(‘map error')
end
end
case 0 % ** Frequency modulator w/pre-coder **

% * pre-coder *
% map code symbol sequence to frequency imppalses, alpha(n)
alpha=zeros(1,numbits);
TXpoint=initTX(3); % in this mode, points to standex
for n=3:numbits
if TXpoint % Q(k+1) map
if TXcodeSYM(n,2)==TXcodeSYM(n-2,2)
elseif xor(TXcodeSYM(n,2),TXcodeSYM(n-1)1)
alpha(n)=-1;
else
alpha(n)=1,;
end
else % I(k) map
if TXcodeSYM(n,1)==TXcodeSYM(n-2,1)
elseif xor(TXcodeSYM(n,1),TXcodeSYM(n-1)2)
alpha(n)=1;
else
alpha(n)=-1;
end
end
TXpoint=~TXpoint; % switch to complement fuiret for next bit
end

% convert alpha to phase trajectory
lastTXphase=45; % initial phase of S(t)
for n=1:numbits
TXphase(n)=mod(lastTXphase+alpha(n)*90,360);
lastTXphase=TXphase(n);
end
otherwise
end

% *kkkkkhkkkkk

% * Receiver *
% *khkkkkkkkkkk

% *** Demodulator Phase Rotation ***
ROTATE=[0 pi/2 pi 3*pi/2];
rotate=ROTATE(rotation_choice);

for n=1:numbits



switch rotate

case 0
RXphase(n)=TXphase(n);

case pi/2
RXphase(n)=mod(TXphase(n)+90,360);

case pi
RXphase(n)=mod(TXphase(n)+180,360);

case 3*pi/2
RXphase(n)=mod(TXphase(n)+270,360);

otherwise

end

end

% *** detector ***
for n=1:numbits
switch RXphase(n)
case 45
RXcodeSYM(n,:)=[1 1];
case 135
RXcodeSYM(n,:)=[0 1];
case 225
RXcodeSYM(n,:)=[0 0O];
case 315
RXcodeSYM(n,:)=[1 0O];
otherwise
end
end

% *** decode and reconstruct data bit sequence ***

% decoder memory initial values:
% [(last decoded | channel bit) (last decoded hokhbit)]
RXlastSYM=initRX(1:2);
% point decoder channel to either | or Q startingrmel (0=I)
RXpoint=initRX(3);
for n=1:numbits
switch RXpoint
case 0
% compute "current” decoded | channel bit
RXbits(n)=xor(RXcodeSYM(n,1),~RXlastSYM(2));
RXlastSYM=RXcodeSYM(n,:); % update decodetest
RXpoint = ~RXpoint; % point to Q channel &ay. next bit
case 1
% compute "current" decoded Q channel bit
RXbits(n)=xor(RXcodeSYM(n,2),RXlastSYM(1));
RXlastSYM=RXcodeSYM(n,:); % update decodetest



RXpoint= ~RXpoint; % point to | channel eqr hiext bit

otherwise
end
end

% END OF TX and RX Processing

% *kkkkkkkhhkhkkhkkhk

% * Assemble Output *

% *kkkkkkkhhkhkkkhkkhk

% identify delay incurred in overall process
offset=xcorr(inbits,RXbits);

offset(1:numbits-1)=[];
[offset,delay]=max(offset(1:min(length(offset),1))
delay=delay-1;

% adjust RX output bit vector to compensate foagel
% inserting values of 9 at beginning of vectorapresent
% artifact bits associated with asymmetric rotatases
checkbits=inbits;
if delay
newfront=ones(1,delay)*9;
checkbits=[newfront inbits];
checkbits(end-delay+1:end)=[];
RXbits(1:delay)=9;
end
% identify decoding errors in reconstructed bieéain
xmsn_error=checkbits~=RXbits;
xmsn_error(l:delay)=9;
% assemble output matrix
result(;,1)=inbits";
result(;,2)=TXphase";
result(:,3)=RXphase’;
result(:,4)=RXbits";
result(:,5)=xmsn_error";

% END OF FUNCTION DEsysdemo
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