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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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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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multiplexing
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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

PBN principal block number
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PCM pulse-code modulation

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

o [ Deleted: -25
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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)

4-1



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

4-7



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).
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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

6-28



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 ty