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'RECORD OF AMENDMENTS
No. Reference/date of Date Signature
amendment Entered

EXPLANATORY NOTES

AGREEMENT

1. This NATO Standardisation Agreement (STANAG) is promuigated by the Chairman
MAS under the authority vested in him by the NATO Military Committee.

2. No departure may be made from the agreement without consultation with the Custodian.
Nations may propose changes at any time to the Custodian where they will be processed in

the same manner as the original agreement.

3. Ratifying nations have agreed that national orders, manuals and instructions
implementing this STANAG will incfude a reference to the S'][;ANAG nurnber for purposes

of identification.

DEFINITIONS

4, Ratification is “In NATOQ Standardisation, the fulfilment by which a member nation
formally accepts, with or without reservation, the content of a Standardisation Agreement”

(AAP-6).

5. Implementation is “In NATO Standardisation, the fulfilment by a member nation of its
obligations as specified in a Standardisation Agreement” (AAP-6).

6. Reservation is “In NATO Standardisation, the stated qualification by a member nation
that describes the part of a Standardisation Agreement that it will not implement or will

impiement only with limitations™ (AAP-6).

RATIFICATION, IMPLEMENTATION, AND RESERVATIONS

7. Page ili gives the details of ratification and implementation of this agreement. If no
details are shown it signifies that the nation has not yet notified the Custodian of its
intentions. Page iv (and subsequent) gives details of reservations and proprietary rights that

have been stated.
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AIM

This document is established to ensure the ability to exchange air
reconnaissance sensor recordings and associated auxiliary data within NATC and
Allied users, by the use of recording standards for media and recording

footprints.

AGREEMENT

pParticipating rations agree to standardise the magnetic tape media formats for
recording of primary reconnaissance data within the airborne environment.

DETAILS OF THE AGREEMENT

BACKGROUND

Historically, reconnaissance systems have been film based. Now in the era of
electro-cptical digital (EO}, radar reconnaissance Sensors and exploitation
technology, common/standardised data exchange formats are necessary to assure
interoperability between a multiplicity of sensor and exploitation systems. A
reconnaissance system will be made wup of three subsystems: an air
reconnaissance system, a surface exploitation system, and a data transport
system. - The data transport system 1is used to trarsfer sensor and associated
auxiliary data from the air reconnaissance system to the surface exploitation
system. Standard data formats are the key to this data exchange.
projected reconnaissance systems, the data transport system is a solid state
device (SSD) /tape recorder and/or telemetry link. The tape/SSD and/or the data
transmission provide the link which carries the information between the air
reconnaissance and surface exploitation systems. Standardising this interface
will provide interoperability among NATO and Allied reconnaissance systems.

In recent and

APLICABILITY

This document includes standards to be used as a basis for the development of
data tape recording hardware. They provide the basic physical and data format
definitions to form generic recording system. In addition to these standards,
hardware development for specific systems will require detailed technical
specifications for perfcormance and system interface. The standards encompass
high and low rate digital recording and analogue video recording formats, as
shown in the following diagrams. These requirements are generic in nature, do
not limit application of common hardware and allow a wide range of system
interfaces to be accommodated. This hardware will meet the operational
requirements for data recording on Reconnaissance, ti Submarine Warfare (ASK)
and intelligerce gathering platforms. The technolegy choice for these standards
was based on highest storage capacity, volumetric density, bandwidth rates,
weight and potential for future growth. These choices permit the application of
these standards to a wide range of platforms and missions.

NATO UNCLASSIFIED
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The agreed media standards for recording of recennaissance data onto tape are
listed in the four annexes (A-D) of this STANAG.

Annex A Annex B Annex C Annex D
19mm Digital 8mm Digital/ 12.65mm 25.4mm (lin)
High Analogue Tape (0.5in) Digieal High
Performanca Format Analogue Tape Performanca
Tape Format {Cassette) Format Tape Format
6MHZ 6MHz
Analogue 1-40 Mb/S Analogue
Szandard Standsrd
Small Medium Large Large Small
Cassette | i Cassecte | [ Cassette Cassecce Cassette Cassette Cassette

PROTECTION OF PROPRIETARY RIGHTS

These annexes are based upon commercial standards, issued by the appropriate
companies and international standards bodies, hence the following statement

applies

NATO and member Governments assume no responsibility for possible infringements
of any inventions, trade-marks, copyrights, etc. embodied in this STANAG. It is
the sole responsibility of anyone using the information to acquire the necessary
rights.

IMPLEMENTATION OF THE AGREEMENT

This STANAG is implemented by Nations agreeing to use only the magnetic tape
media formats defined within this decument for recording of ©primary
imagery/intelligence data to tape for airborne reconnaissance systems.

NATO UNCLASSIFIED
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ANNEXES AND APPENDICES

e standards described in detail in the Annexes. The

This document encompasses th
described in general terms in the following

areas of standardisation are
paragraphs.

ANNEX A. ~DIGITAL 19mpn CASSETTE TAPE RECORDER STANDARD®

Based on International ID-1 tape cassette standaxd

ANSI X3.175.1990 “i9-mm Type ID-1 Recorded Instrumentation - Digital Cassette

- Tape Format”

e physical format for high bandwidth digital
he format of information on 15mm type ip-1
The dimensions and locations of the helical
data and associated annotation tracks are also specified in this annex. The
physical characteristics of the cassette are in accordance to the ANSI standard
ANSI X3.264:1996 “Unrecorded Helical-Scan Digital Computer Tape Cassette for

Information Interchange 15mm (0.748 in}”

part 1 of Annex A is presented as th
data recording with references to t
instrumentation digital cassettes.

Part 2 of Annex A, Logical Reconnaissance Data Format, is defined in STANAG

7023.

ANNEX B ~“DIGITAL AND ANALOGUE Bmm CASSETTE TAPE RECORDER STANDARD”

This standard is based on International Bmm cassette tape format IEC 843:

IEC 843-3 “Helical-scan video .tape cassette system using 8mm magnetic tape - 8mm
video, Part 3. High-band specificaticens for Hi 8~

part 1 of Annex B is the physical format which will specify minimum performance
requirements of Analogue Imagery and Digital data recording, tape track format,
cassecte tape specifications and the wuse of azimuth head technique.
Applications of this forma:z is to address the needs of aircraft or unmanned aix
vehicles that have a requirement for commonality interchange and alsc have a
driving requirement for minimum weight, low power use, small size and low cost

consideration.

part 2 of Annex B, Logilcal Reconnaissance Data Format, is defined in STANAG
7023.

ANNEX C. *ANALOGUE 12.65mm (HALF-INCH) CASSETTE TAPE RECORDER STANDARD"

This standard is based on International VHS Analogue video format IEC 774:

IEC 774-3 “Helical-scan videc tape cassette system using 12.65mm (0.51in)
magnetic tape on type VHS, Part 3. S5-VHS"

NATO UNCLASSIFIED
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Part 1 of ANNEX ¢ is the physical format detailing the electrical and mechanical
parameters and the necessary characteristics of the S-VHS and S-VHS-C recording

formac.

Part 2 of ANNEX C, Logical Reconnaissance Data Format, is defined in STANAG

7023.

ANNEX D. "DIGITAL 25.4mm (1 in) TAPE RECORDER STANDARD~

Based on the AMPEX DCRsi tape cassette standard :

“25.4mm (1 in) Type DCRsi Recorded Instrumentation-Digital <Cartridge Tape
Format, Version 1.1 4 June, 19%8"

Part 1 of Annex D is presented as the physical format for high bandwidth digital
data recording with references to the format of information on 25.4mm (1 in}
DCRsi type instrumentation digital cassettes. The dimensions and locations of
the transverse scan data and associated annotation tracks are also specified in
this annex, along with the mechanical dimensiens of the cartridge and magnetic’

media.

Part 2 of Annex A, Logical Reconnaissance Data Format, 1is defined in STANAG
7023.

NATO UNCLASSIFIED
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NATO STANDARDISATION AGREEMENT

(STANAG 7024)

IMAGERY AIR RECONNAISSANCE TAPE RECORDER STANDARD

A. Digital 19mm Cassette Tape Recorder Standard
Digital and Analogue Brmm Ccassette Tape Recorder Standard
C. Analogue 12.65mm Cassette Tape Recorder Standard

Digital 2%.4 mm {1 in) Cassette Tape Recorder Standaxd

Related documents:

STANAG 3277: Air Reconnaissance Request/Task Forms
STANAG 3377: Air Reconnaissance Intelligence Report Forms

STANAG 3596: Air Reconnaissance Reguest and Target Reporting Guide

STANAG 4283: High Density Digital Recording Standard
STANAG 7023: Air Reconnaissance Imagery Data Standard

STANAG 7085: Interoperable Data Links For Imaging Systems

STANAG 4545: NATO Secondary Imagery Format
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ANNEX A

PART 1 PHYSICAL FORMAT

*“DIGITAL 1%mm CASSETTE TAPE RECORDER STANDARD"
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X3B5 96-196
ANSI ®

2nd Draft proposed revision to X3.175-1990

American Nationai Standard
for information Systems —

19-mmType |D-1 Recorded
Instrumentation —

Digital Cassette Tape Format

Secretanat

Computer and Business Equipment Manufacturers Asseciation

Approved December 7, 1989
American National Standards Institute, Inc
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: Approval of an American National Standard requires verification by ANSI
Amgncan thgf the requirements for due process, COnsensus, and other criteria for
National  approval have been met by the standards developer.

Standard Consensus is established when, in the judgment of the ANSI Board of
tandar Standards Review, substantial agreement has been reached by directly and

materially affected interests. Substantial agreement means much more than a
simple majority, but not necessarily unanimity. Consensus requires that all
views and objections be considered, and that a concerted effort be made
toward their resolution.

The use of American National Standards is completely voluntary; their
existence does not in any respect preclude anyone, whether he has approved
the standards or not, from manufacturing, marketing, purchasing, or using
products, processes, or procedures not conforming to the standards.

The American National Standards Institute does not develop standards and
will in no circumstances give an interpretation of any American National
Standard. Moreover, no person shail have the right or authority to issue an
interpretation of an American National Standard in the name of the American
National Standards Institute. Requests for interpretations should be
addressed to the secretariat or sponsor whose name appears on the title page
of this standard.

CAUTION NOTICE: This American National Standard may be revised or
with-drawn at any time. The procedures of the American National Standards
Institute require that action be taken periodically to reaffirm, revise, or

- withdraw this stan-dard. Purchasers of American National Standards may
Leceive current information on all standards by calling or writing the
American National Standards Institute. ,

Published by
American National Standards Institute
1430 Broadway, New York, New York 10018

Copyright ©@1990 by American National Standards Institute, Inc All rights reserved.
No part of this publication may be reproduced in any form.
in an electronic ratrieval system or otherwise, without

the prior wrilten permission of the publisher.
Printed in the United States of America

AIM7901128
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erican National Standard X3 175-1990-}

This standard presents format and recording requirements for 19-mm, helical-scan

magnetic tape cassettes (0 be used for interchange among instrumentation systems, data
ment. It is based on SMPTE standards for helical

processing systems, and associated equip: _ _
scan tape recording/reproducing systems, Some of which are referenced, in order to obtain

the broadest possible acceptance.

Requests for interpretation, suggestio
welcome. They should be sent to the
Manufacturers Association, 311 First Street, NW, Suite

2178. :
This standard was processed and approved for submittal to ANSI by the Accredited

Standards Committee on Information Processing Systems, X3. Comumiitiee approval of the
standard does not necessarily imply that all committee members voted for its approval. At

the time it approved this standard, the X3 Committee had the following members:
, Chair

, Vice-Chair

, Administrative Secretary

Foreword {This Foreword is pot pant of A

ns for improvement or addenda, or defect reports are

X3 Secretariat, Computer and Business Equipment
500, Washington, DC 20001
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Digital Cassette Tape Formal

1 Scope and purpose

1.1 Scope

This standard establishes the format of
information on 19 mm type 1D-1 instrumentation
digital cassettes. It specifies the dimensions and
locations of the helical data, controf, time code,
and annotation tracks. it defines the format and
reccrding requirements of the data biocks forming
the helical data record containing digital
instrumentation and other associated data, and
specifies the content, format, and recording
method for the controi record. This standard aiso
specifies the recording requirernents for the
jongitudinal records contained in the annotation
and the tima code tracks. The annotation and
time-code record formats are not defined. The
physical requirements, magnetic requirements,
and test methods for the magnetic tape and tape
cassette are not specified in this standard, but can
be found in the references or in the technical
literature. No licenses for patented or copyrighted
features are required to implement compliance

with this standard. All dimensions given are metric.

1.2 Purpose

The purpose of this standard is to ensure a direct
and unique correspondence between user data
{as defined in this standard) and the format
recorded on tape. {n order to ensure data
interchange using this standard, it is necessary for
interchange parties to agree upon performance
levels and source data format. This standard is
distinct from a specification in that it delineates a
minimum of restrictions consistent with
compatibility in media interchange transactions.

NATO

1.3 Compliance

An interchange instrumentation tape can be said
to comply with this standard if it complies with all
the mandatory requirements of this standard. In
the text that follows, a mandatory requirement is
expressed by the word “shail.”

2 Referenced standards and related
publication

2.1 Referenced American national
standards

This standard is intended for use with the
following American National Standards:

ANS{ 54.40-1985, Recommended Practice for
Digital Audio Engineering — Serial Transmission
Format for Linearly Represented Digital Audio
Data

ANSI X3.264:1996, Unrecorded Helical-Scan
Digital Computer Tape Cassette for Information
Interchange 19 mm (0.748 in)

UNCLASSIFIED
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3 Definitions

The following definitions, listed in alphabetic
order, and those given in the American National
Dictionary for Information Processing, ANSI
X3/TR-1-82, apply to this standard:

8/9 coding: The assignment of 9-bit NRZL
waords ta bytes of specific value, in accordance

with 5.5.5.

9-hit NRZL word: The immediate resuit of 8/9
coding.

8-bit symbol: The binary representation of 9
bits of information to be magnetically recorded on

tape.

annotation record: The magnetization pattern
or assaciated information recorded into the
annotation track.

annotation track: The longitudinal track
farthest away from the reference edge of the tape.

ANSI sync word: A waveform as described for
Preamble 1 in ANSI S4.40-1985 and as shown in
figure 5 of this document, used for data

recognition during playback of the control record.

auxiliary data: Optional information of
secondary importance.

azimuth: The anguiar deviation of the mean flux
transition tine from a line normal to the nominal
track centerine.

basic dimension: A fundamental dimension on
which the tape record of this standard is based.

bi-phase-mark: The modulation method for the
information to be recorded into the control track;
also, Manchester Type L.

byte: An ordered string of 8 bits, starting with the
least significant and ending with the most
significant bit, and representing a numeric value to
be acted on as a unit,

byte marker: A means to label bytes during

outer coding for error protection so that these

bytes can be processed in proper order during
inner coding.

codeword digital sum (CDS): The digital
sum variation from the beginning to end of a
NRZI{1) symbol's waveformn. The CDS is calculated
assuming that the NRZI(1) waveform starts at a

NATO
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negative level, the binary levels are -1 and +1, and
tha waveform transitions are centered relative to

the corresponding bit cells,

contral record: The magnetization pattemn or
associated information recorded into the controi

track.

contreol timing reference point: The center
point of the waveform edge in the center of the
ANS! sync word.

control track: The longitudinal track between
the data area and the time code track.

control track sync tolerance: The maximum
allowable lengitudinal distance, measured aiong
the reference edge, of the control timing
reference point from the intersection of the helical
track centerline and the data-area reference line.

data area: An area on tape that is defined by the ‘
end points of all possible helical track centerlines.

data area reference {ine: A line inside the
data area parallel to the reference edge ata
specified distance from the reference edge.

data area refarence point: A point on gach
helical track's centerline at the boundary between
preamble run-up and preambie sync pattern.

data field: A continuous string of bits that is
error protected.

data segment: A group of 118 continuous
bytes of user data.

digital sum variation (DSV): The running
integral of the charge of tha NRZI(1) recording
waveform including all 9-bit symbois of a sector.
The DSV is calculated in accordance with 5.5.5 as
the sum of the COS for all 9-bit symbols of a
sector.

error protection: The inclusion inte the data
field of error check code (bytes) for the purpose of
error detection and correction.

helical (data) record: The magnetization
pattern or associated information recorded into all
possible helical tracks.

helical track: An area on tape, 170 mm long and
45 pm wide, inclined at a small angle to the tape's
reference edge, whose centerline lies completely
within a helical track tolerance zone.

UNCLASSIFIED
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home track ID: A recorder manufacturer
defined field used to identify the scanner head
recording the first track of a track set.

inner code: Of two sequential error detection
and correction codes, the first encountered on

playback from tape.

NRZI(1) modulation: The modulation method
defined in 5.5.6, resuiting in the NRZI(1)
recording waveform to be used for the helical

records.

NRZI(1) (recording) waveform: A two level
wave form, obtained through NRZI(1} modulation,
whose binary representation is a string of NRZI(1)

‘symbols.

NRZi(1) symbol: A 9-bit symbol derived
through NRZI(1) modulation of a 9-bit NRZL word.

auter check code: Of twoc sequential error
detection and correction codes, the second
encountered on play back from tape.

postamble: The sequence of bits defining the
end of a sector.

preamble: The sequence of bits defining the
start of a sector.

preambie run-up: The first part of a preamtle,
containing bit-clock-divided-by-six as the
magnetization pattern.

product code arrays: A two dimensional
arrangement of bytes, identified by byte markers,
as these bytes migrate between outer and inner
code error protection processes.

randomization: The method defined in 5.5.4
as prerequisite to 8/9 coding.

reference edge: An equivalent reference
edge on the control track side of the tape that is
established according to 4.4.5 and may not
coincide with the guide edge.

sector: The helical record pertaining to a single
helical track.

NATO
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sector recording tolerance: The maximum
allowable distance, along the track centeriine, of
the data area reference point from the intersection
of the track centerline and the data area reference

line.

source information: The part of an inner code
data field that contains 153 bytes from 153
different outer code data fields; also, the 153
NRZ(1) 9-bit symbols of a sector.

sync block: A part of a sector between
preamble and postamble, starting with a sync
pattern and foilowed with an inner code data field.

sync pattern: A magnetization pattern defining
the start of each sync block and the postamble or
following the preamble run-up.

tape format: The collection and relative position
of all possible tracks on tape.

time code track: The longitudinal track closest
to the reference edge of the tape.

time code signal: The magnetization pattern
or association information recorded into the time
cade track; also, tha longitudinal record where
data timing information may be found.

tolerance zones: Narrow zones established to
contain completely the track centertines of six
consecutive helical tracks, as defined in 4.8.

track: A narrow, defined area on tape along
which a series of magnetic signals may be
recorded.

track set: Four consecutive helical tracks of
proper azimuth containing four sequential sectors
with the same track set ID encoded into their
preambles, representing the minimum amount of
information recordable or reproducible to/from

tape.

track set 1D: A commen identifier, for four
cansecutive halical tracks, recorded below the
start of these tracks as part of the control recerd.

user data: Information of primary importance, of
which four consecutive portions of 36 108 bytes
each are destined for the four consecutive
sectors of a track set, in corresponding order.

UNCLASSIFIED
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s C L
Annotation
- a
Direction of F
tape motion G N w
Y y
l ! |
Data area _/ Reference adge / T T T T T (oxide side shown)
reference point A B C D E
Figure 1 - Location and dimensions of recorded tracks
s 20°C+1°C
4 Tape recorded format Temperature: | =
P Relative hurmidity: 50%, + 2%
s Barometric pressure: g6 kPa £10 kPa
4.1 Overview
Tape lension: 0.BN+0.05N
This section of the standard specifies the
dimensions and locations of the hefical data, 4.4.3 Conditioning of the tape stock before
control, time code, and annotation recorded recording and testing shall be as follows:
signals for 19 mm type (0-1 helical scan cassettes.
Storage conditioning:  Not lass than 24 hours
4.2 Purpose Environmental: Stabilized to the
Refer to 1.2. _condxtions specified
in4.4.2
4.3 Referenced standards Tape tension. Wound onareslata
tension of 0.6 t0 1.5 N
This section of ANSI X3.175-1990 is intended for
use in conjunction with ANS} X3.264:1996 4.4.4 The reterence edge of the tape for
. dimensions specified in this standard shall be the
4.4 General specifications lower edge as shown in figure 1, The magnetic

coating, with the direction of tape travel as shown
in figure 1, shall be on the side facing the
observer.

4.4 .1 Dimensions ara in the metric system.

4.4.2 Tests and measurements made on the
tape recorded tape o check the requirements of
this standard sha!l be made under the following
conditions:

4.4.5 All dimensions in the tabie and figures
shall be measured from an equivalent refarence
edge. The reference edge of the tape is aline
through three points on the edge of tape

NATC UNCLASSIFIED
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i P __>
Annotation track
s
= Start of
g track setn
a .
| Intersection of track centeriine
St and data area reference iiné
=' Track setn
2 {set of 4 tracks)
=z
Y Tape motion
Preamble —, N
run-up 3= J’—— Data area rﬂerence Iine
e ARSI I — = = — 2= =T T —
( n Cantrol track n+62 n+63
—
v Time code track
—> F—-T \ T {Oxide side shown)

Control timing reference \(__ S—— ’_)1\

paint on contret track
f‘\IL_JTH T T ued

Figure 2 - Location of annotation/time code and 32.bit control word

Tabie 1 - Recorded track location and dimensions

Millimetars

Dimensions Nominal Tolerance
A Tima cade track lower edge 0.2 0.1
B Time code track upper edge 0.7 +0.1
C Control track lower edge 1.0 +0.1
D Control track upper edge 1.50 +0.05
E Data area lower adge 1.80 +0.01
F Data area width 16.00 10.03
G Annoctation track lower adge 18.10 #0.15
H Annotation track upper edge 18.8 +0.2
1 Helical track width 0.045 Sea 4.6.3
J  Track pitch: basic 0.045 See 4.5 and 4.7.3
N Helical track total length 170.0 0.3
P Annotationftime code head location 118.7 0.3
R Sector recording tolerance 0.0 +0.1
T Control track sync tolerance 0.0 +0.1
@ Track angle: arc sin (16/170) basic 5.4005° See 4.7.4
W Tape width 19.010 +0.015
Y Data area referance line: basic 1.8075

Note: Measurements as shown in table 1 shall bs mads under the conditions specified in 4.4.2 and 4.4.3.

NATC UNCLASSIFIED
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[oussmm =%
5 places '
s
0.01 mm // >
7,
YL 0.015 mm
/ / 5 places
/
0
/ /
// 7
“» ~ - & ()
Data area 2 A A4S S S
centarline 7,
Reference edge _\- 5 /
Tape edge 1 Arcsin(16/170) | 12 places
MD/2 MD/2
MD =230 mm

Figure 3 - Location and dimensions of tolerance zones for helical tracks

separated by 115 mm and constrained to lie in one straight line. This constraint may be a physical
deformation or an equivalent mathematical transformation. The data area centerline intersects the
helical track at a perpendicular to the reference edge through the center point of the refarencs
gdge. (see figure 3.) All measurements of the tape edge shall be based on an average over a

length of 10 mm.

4.5 Average track pitch
The average track pitch shall be 0.045 mm % 0.2% averaged aver 1000 adjacent helical tracks.

4.6 TYrack location and dimensions
4.6.1 Track location and dimensions shalf be as specified in figures 1 and 2 and table 1.

4.6.2 In recording, all information on the helical track shall be contained within the tolerance
specified in table 1 and figure 1.

4.6.3 The helical record head width and position tolerances shall be chosen so as to ensure a
rminimum track width of 0.040 mm and a maximum overap of 0.015 mm.

4.7 Relative positions of recorded signals

4.7.1 Annotation and time code track information shall be placed on tape downstream relative to
the data area reference point at a distance given as P in figure 2 and table 1.

4.7.2 The data area reference paint shall be aligned with the intersection aof the track centerline
and the data area reference line an every helical track as shown in figures 1 and 2.
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4.7.3 The spatial relationship between the control track and helical tracks is specified in figures 1
and 2. The control timing reference point in the controi track sync word (ANSI sync wor@) shall be
aligned with the intersection of the helical track centeriine and the data area reference line on

avery four nefical tracks as shown in figure 2 and table 1.

en the location of the control track head and the control timing

4.7.4 The distance betwe
2} corresponding to the data reference point shall not exceed

reference edge (see figure
118.0 mm.

4.7.5 For every recorded helical track set (track set N), there shall exist continuous control track

information extending at least from N-127 10 N+63, with the track set |D for track set N located
in figure 2. (also, referto 5.7.)

relative to the corresponding data area reference point as shown

4.8 Helical recorded track curvature

4.8.1 The centeriines of any six consecutive tracks shall be contained within the pattem of the

six tolerance zones established in figure 3.

4.8.2 Each zone shall be defined by two parallel lines which are inclined at an angle equal to arc
sin (16 / 170) basic with respect to the tape reference edge.

4.8.3 The centerines of all zones shall be spaced apart 0.045 mm basic. The width of the first
zone shall be 0.010 mm basic. The width of zones 2 through & shall be 0.015 mm basic. These
zones are established to contain track angle errors, track straightness efrors, and track pitch

errors,

4.9 Gap azimuth

4.9.1 The azimuth angle of the annotation track, control track, and time code track head gaps
used to produce longitudinal records shall be 0° with respect to the perpendicutar 1o the track
within a tolerance of £5 minutes of arc.

4.9.2 The azimuth angte of the head gaps used for the helical tracks shall be 15° with respect to
the perpendicular to the helical track within a tolerance of +10 minutes of arc. Alternating negative
and positive azimuth angles shall result in magnetization pattems on tracks that are inclined
relative to the data area reference line by 80.4° for the first and third tracks and 110.4° for the
second and fourth tracks of every track set N, as indicated in figure 2.

NATO UNCLASSIFIED
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1.D. gen Syne and + Mux
runup
i) Sera
I helical ]
data
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information Interface serial conv
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Extermal Track Divide B3 mark, sync l
preset counter by 4 ? & parity gen

Figure 4 - Digital recorder: conceptual biock diagram of record path

5.1 Overview

This section of the standard specifies the content, format, and recording method of the data
blocks forming the helical data signals on the tape containing instrumentation digital and other
associated data for the 19 mm type 1D-1 helical scan cassettes. In addition, the content, format,
and recording method of the longitudinal control signals containing tracking information for the
scanning head associated with the helical track are specified in 5.7. Track dimensions and
locations are specified in section 4. Figure 4 shows a block diagram of the processes involved in

5 Helical data and control tracks
the recorder.

’ 5.2 Purpose
Refer to 1.2.

5.3 Referenced standards
This section of ANSI X3.175-1990 is intended for use in conjunction with the following standards:

(1) ANS! S4.40-1985
' (2) ANSI X3.264:1996

5.4 Hefical track content, format, synchronization, and recording requirements

5.4.1 Labeling conventions

| Unless otherwise specified, the following conventions shall apply for section 5:
£1) Values are expressed in 8-bit bytes or §-bit symbols.
{2) The least significant bit (LSB) is shown to the left-hand side.
| (3) The least significant bit is the first one recorded on the track.
(4) The lowest numbered byte is shown left/top and is the first one encountered for error
coding / decoding.
(5) The least significant or lowest numbered 9-bit-symbol is the first one recorded on the track,

NATO UNCLASSIFIED
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5.4.2 Introduction

The helical track is compnsed of formatted instrumentation digital data. Data is arranged in one
sector per track, as shown in figure 5. The sector (figure 5(a)) is divided into the following
elements:

{1) Preamble (figure 5(b)). This element contains a clock run-up sequence, a synchronization
(sync) pattern, an identification pattern, and auxiliary data.

(2) Sync blocks (figure 5(c)). This element contains a sync pattem followed by an identification
pattern and an information block, both of which are protected by error control.

(3) Postamble (figure 5(d)). This element contains a sync pattem and an identification pattem.

Preamble 255 Sync biocks Pastamble
(a) Sector
Undefinad Run-up seq. Sync pattern Identification Auxiliary data
180 bits 36 bits 36 bits 54 bits

o ,"'——’ Data fieid —'—-’{

Data reference point

(b) Preamble
Sync pattern ident Source information Inner arror check code
36 bits 8 bits 153 x 9 bits 72 bits
ke Data field *i

l

{c) Sync block

Sync pattern ldent Undefined
36 bits 36 bits oo .
L_Data_)l
field

(d) Postamble

Figure 5 - Sector details

5.4.3 Sector details

5.4.3.1 General

Details of the sector are shown in figure 5(a). All sectors shall contain a preamble, 256 sync blacks,
and a postamble, and shall account for a totai of 382 842 bits in 42 538 9-bit symbals. A portion of
the guard space at the beginning of the sector may contain extended run-up sequence of up 10
ninety 9-bit symbols in length. Any extended run-up sequence must be added in pairs of run-up
9-bit symbols.

NATO UNCLASSIFIED
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5.4.3.2 Preamble
Details of the preamble ar
composed as follows:
Length Thirty four 8-bit symbals

Arrangement. Run-upTwenty g-bit symbois

Magnetization pattern as follows:
LSB 001110001 110001110 . . . 001110001

116001110 MSB (see 5.5.7)
See 5.5.5.3 for 8/9 coding implications

¢ shown in figure 5(b). All sectors shall commence with a preambie

Sync pattemn Four 9-bit symbols

Magnetization pattem as follows:
LSB 000011001 111111110 010111000 00CC01101

MSB (see 5.5.7)
See 5.5.5.3 for 8/9 coding implications

Data field Ten 9-bit symbols (see below)

Data field Comprises 4 bytes of track identification followed by 6 bytes of auxifiary data, aff
of which are processed as defined in {d) through {ty:

(a) Identification 4 bytes created as follows:
LSB 11111111 TTSSSSSS SSSSSSSS S88S8SSS8S

MSB

where LSB SS ... S MSB are the 22 least significant bits
of the corresponding track set ID on the control track and
LSB TT MSB indicates the track position with respect to
the corresponding ANSI sync word on the control track
{see 5.7} as follows:

0 for track coincident with ANSI sync word

1 for first track after sync word

2 for second track after sync word

3 for track before next sync word

(b) Auxiliary data & bytes of unspecified content
{c) Error protection None

{d) Randomization Ses 5.5.4

{e) 8/9 coding See 5.5.5

{f) NRZI{1} modulation See 5.5.6

(g) Magnetization See 5.5.7

{h) Record optimization See 5.5.8

NATO UNCLASSIFIED
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5.4.3.3 Sync Block
Details of the sync block are shown in figure 5(c). All sectors shall contain 256 sync blocks, each

composed as follows:

Length One hundred sixty-six
9-bit symbols
Arrangement Sync pattemn Four 9-bit symbols

Magnetization pattern as follows:
LSB 111100110 000000001 101000111 111110010

MSB (see 5.5.7)
See 5.5.5.3 for 8/9 ceding implications

Data field One hundred sixty two 9-bit symbols (see below)
Comprises 1 byte of sync block identification and 153 bytes of source
information derived according to 5.5.2, both protected by 8 bytes of inner
error check code, all of which are processed as defined in (d) through (h):

Data field

(a) ldentification 1 byte created as follows:

LSB PPPPPPPP MSB

where LSB PP ... P MSB indicates the sync
biock position within the sector, starting with 0
for the first sync biock and ending with 255 for
the iast sync block

153 bytes of row information derived from the

{b) Source information
product code arrays {see 5.5.2)

(c) Error protection 8 bytes from encoding (a) and (b) with a Reed -
Solomon RS(162,154) code (ses 5.5.3)
(d) Randcmization Sea 5.5.4
(e) 8/9 cading See 5.5.5
(f) NRZI(1) modulation See 5.5.6
{g) Magnetization Ses 5.5.7
(h) Record optimization See 5.5.8
NATO UNCLASSIFIED
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5.4.3.4 Postamble

Details of the postamble are shown in figure 5(d). All sectars shall terminate with a postamble

composed as foliows:

Length Eight 8-bit symbols
Arrangement Sync pattern Four 9-bit symbols

Magnetization pattern as follows:
LSB 000011001 111111110 010111000 000001101

MSB (see 5.5.7)

See 5.5.5.3 for 8/9 coding implications.
Data field Four 9-bit symbols (see below)
Comprises 4 bytes of postamble identification processed as defined in (d)
through {h):

{a) Identification 4 bytes created as follows:
LS8 00000000 TTSSSSSS SSS8S8SS SS8S8558

MSB

where LSB SS. .. S MSB are the 22 least significant bits
of the corresponding track set [D on the control track and
LSB TT MSB indicates the track position with réspect to
the corresponding ANS! sync word on the control track
(see 5.7) as follows:

0 for track coincident with ANSI sync word

1 for first track after sync waord

2 for second track after sync word

3 tor track before next sync word

Data field

(b) Information None or unspecified
{c) Error protecticn None

(d) Randomization See 5.5.4

(e) 8/9 coding Sea 555

(f) NRZI{1) modulation See 5.5.6

(g} Magnetization See 5.5.7

(h) Record optimization See 5.5.8

NATO UNCLASSIFIED
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151 152

Figure 6 - Two product code arrays

5.5 Sector data field processing

5.5.1 introduction

es error correction coding of the assembied sync block identification
o minimize undesirable patterns, and
ent of the bit string to be recorded on

Data field processing includ
and source information bytes, randomizing of all data fields t
8/9 coding and NRZI{1} moduiation to rpinirniz;a the DC cont

the lape.

5.5.2 Sync block source information

5.5.2.1 General

The source information to be used for inner error correction cading is contained in two product
code arrays that are provided through user data processing in accordance with procedures

detailed in 5.6.

5.5.2.2 Product code arrays

Details of the two product code arrays are shown in figure 6. Each array contains 128 norizontal
rows 153 bytes followed by 8 bytes of inner error code. Each byte has assignad to it a byte marker
of the form (W:X:Y).
Array locator W W has 2 vatues:
0 for left armay
1 for right array

Column locator X X has 161 values:
g for first-ang leftmost column
1 for second column, . ..
160 for last and rightmast column

Row locator Y Y has 128 values:
0 for first and topmost row
1 for second row, . . .
127 for iast and bottommaost row

NATO UNCLASSIFIED
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5.5.2.3 Source information byte sequence for sync blocks

Source information and inner error code bytes for each sector shall be assigned to each sync
block on the basis of a byte marker { W:X:Y} in the following order:

Sync block 1: (0:0:0) (0:1:0) (0:2:0) ... (0:159:0) (0:160:0)
Syne block 2: {1:0:0) {1:1:0) (1:2:0) ... {1:159:0} (1:160:9)
Synec block 3: {0:0:1) {0:1:1) (0:2:1) ... (0:159:1) {0:160:1)
Sync block 4: {1:0:1) (1:1:1) (1:2:1) ... (1:188:1) (1:160:1)
Sync biock 255: (0:0:127) (0:1:127) (0:2:127) ... (0:159:127)  (0:160:127)
Sync biock 256: {1:0:127)  {1:1:127) (1:2:127) ... (1:158:127)  (1:160:127}

Sync ID Source information Inner error check code

1 Byte 153 Bytes 3 Bytes

Figure 7 - Inner code biock

5.5.3 Error correction coding for inner check code
5.5.3.1 Data field—inner check code biock

The data field of each sync block, defined in 5.4.3.3, is error protected by the following error

correction code, referred to as inner code.

Length 154 bytes total to be encoded, consisting of 1 byte of sync block identification,
toilowed by 153 bytes of source information, in accordance with 5.5.2

8 bytes of inner error check code generated as follows:

Protection Inner code, as follows:
{1) Type Reed-Solomon RS(162,154)
{2) Galois field GF{256)

{3} Field generator PX)=)B+ X3+ 8+X2+ X ,
(X are place keeping variables in GF(2), the binary field)

(4} Order of use Lekmost term is “oldest* in time computationally and the first written to tape
| (5) Code generator GG = (X+ @) (X+ a') (X+ ) {(X+ &) (X+ o) (X+ )
polynomial (X+ ) (X+ )
(in GF 256)) where o' is a root of P{x}=0 given by G2(hex) in GF{256)

(6) inner errorcode Ky, Ki, K, Ka, K3, Kz, Ky, Ko in
| Kox X+ Kgx X6 4. .+ Ky x X'+ Kyx X8
obtained as the remainder aiter dividing X8 xD(X) by G{X)
‘ where D(X) = lo x X!3 + By x X124 ...+ By x X' + Byx X?

(7) Equation of CLX) = fpx X183 4 Bygp x X180 4 Bisy x X139 + Biso x X158
‘ full code +ot By XOCHKG < X4 K x X6+ 4+ Ky x X' +Kgx XO
NATO UNCLASSIFIED
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where b represents the 1 byte of sync block identification, Bysz through By
represent the 153 bytes of sync block source i

represent the 8 bytes of inner error code (a byt® Q.4 Is recorded betore a

nformation, and Ky through Ko

byte Qr)
Tabie 2 - Inner error check coding examples (hexadecimal notation)

Byte ID o B Bist Biso Buas - 5, B K K K K K K K K
Patemdi 00 00 o0 00 00 5o 01 FF o8 51 36 EF AD cs 18
Paten2 00 01 02 03 04 98 93 A1 93 20 8 F9 5B E7 DO
paten3 CC ©C ©C ¢CC CC cCc CC 24 48 05 2 ED 70 ¢Cc D9

Timing First to tape Last to tape

5.5.3.2 Coding examples far inner check code

An example of three byte paitems i
pattermn 1 is the impulse function, with the values in the error chec

n hexadecimal {hex) notation is shown in table 2, where
k code locations representing

the expansion of the code generator polynomial.

5.5.4 Randomization
5.5.4.1 All sector data fields (identification, auxiliary data, sourc - information, and inner error

check code)

shall be randomized before 8/9 coding {preamble run-up saquence and sync

patterns are not randomized.)

5.5.4.2 The randomizing is equivalent o performing the XOR operation between the senal byte
stream destined for recording and the serial byte stream generated by the foliowing pelynomial

function:

B4 X0+ 0+ X2+ X0 (in GF(2))

The left term shail enter the division computation first. The polynomial is preset to 80(hex) at the
end of every sync pattern. This will generate a byte sequence beginning with 80, 38, D2, 81, 49,
and so on, hexadecimal bytes in standard notation (most significant bit an left hand side).

5.5.5 8/9 Coding

5.5.5.1 General

8/9 coding includes the mapping of the randomized serial byte stream (according 10 5.5.4) into a
g-bit NRZL word stream ir such a manner that after the NRZI(1) modulation (according to 5.5.6) of
this 9-bit NRZL word stream, a DC free recording waveform is obtained. With this NRZI(1)
modulation, one is represented by a transition at the center of a bit cell and zero by the absense of

such a transition.

5.5.5.2 Control of Digital Sum Variation(DSV)

In order to efiect the DC free encoding of the randomized byte sequence, the channel coding
system shalf actively maintain an NRZI(1) DSV, calcutated from the NRZI(1) symbol ccdeword
digital sum (CDS) listed in Table 3 tor each of the allowable 8-bit to 9-bit mappings. This mapping

(see table 3}

includes both a one-to-one selection of "zero CDS* 9-bit NRZL words and a one-to-

two selection of "positive or negative CDS” 9-bit NRZL words. Positive CDS or negative CDS 9-bit
NRZL words shall be chosen from table 3 according to the NRZI(1) waveform's DSV and polarity

NATOC UNCLASSIFIED
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obtained thus far and with the help of table 4. The CDS listed in table 3 assumes a negative
NRZI{1) waveform polarity at the end of the previous 8-bit-symbol. When thl§ is true, the next DSV
shall be calculated by adding the CDS listed in table 3 to the previously o.t:!tamed DsV. lf the
NRZI(1) wave form polarity at the end of the previous 9-bit-symbol is positive, then the next DSV
shall be calcutated by subtracting the listed CDS from the previous DSV. Each o_ne-to-one _
selection maintains the DSV by using a 9-bit NRZL word whose NRZI(1) moduiation resuits in a
CDS of zero. Table 3 also contains an NRZI(1) waveform polanty inversion indicator for
conveniently selecting positive or negative CDS 9-bit NRZL words using table 4. A "Yes" indicates
that a polarity inversion across the next NRZI(1) 9-bit symbol will take place as the corresponding
g-bit NRZL word is NRZI(1) modulated.

5.5.5.3 Influence of Preamble Run-Up and Sync Patterns on the DSV

The DSV at the beginning of each track is defined as zero and is not changed by an even number
of run-up 9-bit symbols. The nonzero contribution to the DSV by each 36-bit sync pattern,
however, shall be included in the calculation of the DSV used as the entry for table 4. Table 5
summarizes the change in DSV effected by preambie run-up and sync pattems.

5.5.6 NRZIi{1) Modulation

For magnetic recording, the 9-bit NRZL words shall ba converted to NRZI{1) such that each "1*in
the NRZL bit stream shall create a transition in the center of the bit cell and each "0" shall create nc
transition. This NRZI(1) recording waveform shail be provided to the tape by the heads with no
additional encoding, randomization, or conversion. However, for purposes of tape magnetization,
it is assumed that the NRZI(1) waveform transitions are moved to the beginning of the

corresponding Dit cells.

5.5.7 Magnetization

For the preamble run-up, sync patterns, and data fields, during the time interval of a recorded bit

“1" or of a recorded “+” level of NRZ)(1), the polarity of cell flux shall be such that the north pole of
the magnetic domain shall paint in the direction of head motion. Similarly, during the tima intarval

of a recorded bit “0" or of a recorded “-" level of NRZI{1), the polarity of cell flux shall be such that

the south pcle of the magnetic domain shall point in the direction of head mation.

5.5.8 Record optimization

5.5.8.1 Second harmonic distortion

The recorded magnetization on tape shall have a second harmonic distortion component that is at
least 26 dB below the original signal based on an equivalent flat equalized measurement. This
distortion level shall be veritied by making measurements on recorded waveiengths approximately
equal to 4 times, 8 imes, and 16 times the bit length,

5.5.8.2 Residual signal level

If a previously recorded tape is rerecorced with new information, the oid data shall be suppressed
by at least 26 dB relative to its criginal level by over-recording or erasing. The measurement shall
be made for a worst-case tracking misregistration between new and residual old data, including
guard band.

5.5.B.3 Record level optimization

Using either a previously recorded, erased or degaussed tape and a record waveform with rise
time and other waveshape characteristics chosen to meet the second harmonic distortion, and
residual signal level criteria defined in 5.5.8.1 and 5.5.8.2, the record leve! shall be chosen to
maximize the playback level of a signal component at half the frequency of the recorded data rate.
 no clear peak occurs, then the record level shall be set at the lowest level that produces the
maximum output leval,
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mized 8-bit byte to 9-bit NRZL word mapping

Positive CDS selection Negative CDS selaction

Handomized 9-hit NRZI(1) Selection S-bit NRZI(Y) Selection

byte vaiue NRZL symbol inverts NRZL symbal inverts

(decimal) word CDS polarity? word CDS poiarity?

LSB MSB LSB MSB
0 000100000 +2 Yes 010011100 -1 No
1 001000011 +2 Yes 001000100 -1 No
2 001000110 +2 Yes 001001110 -1 No
3 001001100 +2 Yes 001011010 -1 No
4 0010110600 +2 Yes 000100101 -2 Yes
5 001110000 +2 Yeos Q00101010 -2 Yes
6 010000101 +2 Yes gooioi111 -2 Yes
7 G10001010 +2 Yes 000110100 -2 Yes
8 010001111 +2 Yes ogo111011 -2 Yes
9 010010100 +2 Yes 000111110 -2 Yes
10 o10011011 +2 Yes 001001001 -2 Yes
11 010011110 +2 Yes 001010010 -2 Yes
12 010101000 +2 Yes 001010111 2 Yes
13 010110011 +2 Yes 001011101 -2 Yes
14 010110110 +2 Yes 001100100 -2 Yes
15 010111100 +2 Yes 001101011 2 Yes
16 011010000 +2 Yes 001101110 -2 Yas
17 011100011 +2 Yes 0601110191 -2 Yes
18 011100110 +2 Yes 001111010 -2 Yes
19 011101100 +2 Yes 001111111 -2 Yes
20 011111000 +2 Yes 010010001 -2 Yas
21 100001001 +2 Yes 010100010 -2 Yes
22 100010010 +2 Yes 010100111 -2 Yes
23 100010111 +2 Yes 010101101 -2 Yes
24 100011101 +2 Yes G10111001 -2 Yes
25 1001001Q0 +2 Yes 011000100 -2 Yes
26 100101011 +2 Yes 011001011 -2 Yes
27 100101110 +2 Yes 011001110 -2 Yes
28 100110101 +2 Yes 011010101 -2 Yeos
29 100111010 +2 Yes 011011010 -2 Yos
30 100111111 +2 Yes 011011111 -2 Yes
AN 101001000 +2 Yes 011101001 -2 Yes
32 101010011 +2 Yes 011110010 -2 Yes
33 101010110 +2 Yes g11110111 -2 Yas
34 101011100 +2 Yes 011111101 -2 Yeas
35 101100101 +2 Yes 100100001 -2 Yes
38 101101010 +2 Yes 101000010 -2 Yes
37 101101111 +2 Yes 101000111 -2 Yes
38 101110100 +2 Yes 101001101 -2 Yes
39 101111041 +2 Yes 101011001 -2 Yas
40 101111110 +2 Yes 101110001 -2 Yes
41 110010000 +2 Yes 110000100 -2 Yes
NATO UNCLASSIFIED
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Randomized 8-bit byte to 9-bit NRZL word mapping (continued)
Positive CDS selection Negative CDS selection

Randomized g-hit NRZK1) Selaction 9-bit NRZi(1)} Saiection
byte value NRZL symbol inverls NRZL symbot inverts

(decirﬁal) word CDS polarity? word cDS polarity?

LSB MSB LSB MSB
42 110100011 +2 Yes 1100010171 -2 Yes
43 110100110 +2 Yes 110001110 -2 Yes
44 110101100 +2 Yes 110010101 -2 Yes
45 110111000 +2 Yes 110011010 2 Yes
46 111000101 +2 Yes 110011111 2 Yes
47 111001010 +2 Yes 110101001 -2 Yes
48 111001111 +2 Yes 110110010 2 Yes
49 111010100 +2 Yes 110110111 -2 Yes
50 111011011 +2 Yes 110111101 -2 Yes
51 111011110 +2 Yes 111010001 -2 Yeos
52 111101000 +2 Yes 111100010 -2 ' Yes.
53 111110011 +2 Yas 111100111 -2 Yes
54 111110110 +2 Yes 111101101 -2 Yes
55 111111100 +2 Yes 111111001 -2 Yes
56 Q00010000 0 Yes 40Qo10000 0 Yes
57 000100011 0 Yes 000100011 0 Yes
58 000100110 0 Yes 000100110 0 Yes
59 Co0101104Q 0 Yes 0001011C0 ] Yes
60 000111000 0 Yes 000111000 o} Yes
61 001000101 0 Yes 0010001C1 0 Yes
62 001001010 0 Yes 001001010 0 Yes
63 omoo1111 4] Yes 001001111 0 Yes
64 001010100 0 Yeas 001010100 0 Yes
65 001011011 0 Yes 001011011 o Yes
66 001011110 0 Yes 001011110 0 Yes
67 £01101000 0 Yes 001101000 o) Yes
€8 001110011 G Yes 001110011 0 Yeas
€9 Q01110110 ¢ Yes Q01110110 ] Yes
70 COo111110C 0 Yes 001111100 0 Yeos
71 C10001001 0 Yes 01000100 0 Yes
72 010010010 0 Yas 010010010 ] Yes
73 010010111 0 Yes Q1C010111 0 Yeas
74 Q10011101 0 Yes 01001111 o] Yes
75 010100100 c Yes 010100100 0 Yes
76 010101011 0 Yes 010101011 0 Yes
77 010101110 0 Yes 010101110 0 Yes
78 010110101 ¢} Yes 010110101 Q Yes
79 010111010 0 Yes 010111010 0 Yes
80 10111111 0 Yes 010111111 0 Yes
81 011001000 0 Yeas 011001000 0 Yes
82 011010011 0 Yes 011010011 0 Yes
83 011010110 0 Yes 011010110 0 Yes
84 011011100 0 Yes 11011100 Q Yes
NATO UNCLASSIFIED
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Randomized 8-bit byte to 9-bit NRZL word mapping (continued)
Positive CDS selection Negative CDS selection

Randomized 9-bit NRZI(1) Selection 9-bit NRZI(1) Salection

byte value NRZL symbol inverts NHZL symbol inverts

{decimal} word CDS polarity ? word CcOS polarity?

LSB MSB LSB MSB
as 011100101 0 Yes 011100101 g Yes
86 011101010 0 Yes 011101010 0 Yes
a7 011101111 0 Yes 011101111 G Yes
88 011110100 g Yes 011110100 0 Yes
89 011111011 0 Yes 0111110411 0 Yes
a0 011111110 0 Yes 011111110 0 Yes
51 100010001 o] Yes 100010001 0 Yes
g2 100100010 0 Yes 100100010 0 Yes
93 100100111 0 Yes 100100111 0 Yes
94 100101101 0 Yes 100101101 0 Yes
85 100111001 0 - Yes 100111001 0 Yes
96 101000100 0 Yes 101000100 ¢ Yes
97 101001011 0 Yes 101001011 4 Yes
98 101001110 0 Yes 101001110 0 Yes
g9 101016101 0 Yes 101010101 0 Yes
100 101011010 0 Yes 101011010 0 Yes
101 101011111 0 Yes 101011111 0 Yes
102 101101001 0 Yes 101101001 0 Yes
103 101110010 0 Yas 101110010 G Yes
104 101110111 0 Yes 101110111 ] Yes
105 101111101 0 Yes 101111101 ¢ Yes
106 110001000 4} Yas 110001000 o] Yes
107 110010011 0 Yos 110010011 0 Yes
108 110010110 o} Yes 110010110 4] Yes
109 110011100 o Yes 110011100 0 Yes
110 110100101 s) Yes 110100101 4] Yes
i 110101010 0 Yes 110101010 Q Yes
112 ) 110101111 0 Yes 110101111 [} Yes
113 110110100 Q Yes 110110100 4} Yes
114 110111011 ] Yes 110111011 0 Yas
115 110111110 0 Yes 110111110 4] Yeas
116 111001001 0 Yes 111001001 0 Yas
117 111010010 0 Yes 111010010 0 Yeas
118 111010111 [} Yes 111010111 0 Yes
119 111011101 0 Yes 111011101 0 Yes
120 111100100 0 Yes 111100100 0 Yes
121 111101011 0 Yas 111101011 0 Yes
122 111101110 0 Yas 111101110 4] Yes
123 111110101 4] Yes 111110101 4] Yos
124 111111010 o] Yes 111111010 4] Yes
125 111111111 Q Yes Qoo111001 -1 No
126 000100001 +1 Ne 001001011 -1 Nao
NATO UNCLASSIFIED
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Randomized 8-bit byte to 9-bit NRZL word mapping (continued)
Positive CDS selection Negative CDS selection

Randomized 9-bit NRZI(1) Seiection 9-bit NRZI(1) Selection

byte value NRZL symbol inverts NRZL symbol inverts

{decimal} word cDS polarity? word CDS polarity 7

LSB MSB Lse MSsB
127 001000010 +1 No 001010101 -1 No
128 001000111 +1 No 001011111 -1 No
129 001001101 +1 No 001101001 -1 No
130 G01011001 +1 No 001110010 -1 No
131 01110001 +1 No 001110111 -1 No
132 010000100 +1 No 001111101 -1 No
133 010001011 +1 Ne 010010011 -1 No
134 010001110 +1 No 010010110 -1 No
135 010010101 +1 No 010100101 -1 No
136 010011010 +1 No 010101010 -1 No
137 010011111 +1 No 010101111 -1 No
138 010101001 +1 Ne 010110100 -1 No
13g 010110010 +1 No 010111011 -1 Neo
140 010111101 +1 No 010111110 -1 No
141 011010001 +1 No 011001001 -1 No
142 011100010 +1 No 011010010 -1 No
143 011100111 +1 No 011010111 -1 No
144 c11101101 +1 No 011011101 -1 Ne
145 011111001 +1 No 011100100 -1 No
146 100001000 +1 No 011101011 -1 No
147 100010011 +1 No o1t101110 -1 No
148 100010110 +1 No 011110101 -1 No
149 100011100 +1 No 011111010 -1 No
150 100100101 +1 No (RRERERR -1 No
151 100101010 +1 No 100100011 -1 No
182 100101111 +1 No 100100110 -1 No
153 100110100 +1 No 100101100 -1 No
154 100111011 +1 No 101000101 -1 No
155 100111110 +1 No 101001010 -1 No
156 101001601 +1 No 101001111 -1 No
157 1801010010 +1 No 10101010Q -1 No
158 101010111 +1 No 101011011 -1 No
158 101011101 +1 No 101011110 -1 No
160 101100100 +1 No 101110011 -1 No
161 101101011 +1 No 101110110 1 No
162 101101110 +1 No 101111100 -1 No
163 101110101 +1 No 110001001 -1 No
164 101111010 +1 No 110010G10 -1 No
165 101111111 +1 No 110010111 -1 No
166 110016001 +1 No 110011101 -1 No
167 110100010 +1 No 110100100 -1 No
168 110100111 +1 Nao 110101011 -1 No
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Randomized 8-bit byte to 9-bit NRZL word mapping {continued)

Positive CDS selection Negative CDS selection
Randomized 9-bit NRZI(1) Selection 9-bit NRAZI(1} Selection
byte value NRZL symbol inverts NRZL symbol inverts
{decimal) word cDs polarity? word €08 polarity ?

LSB MSB LSB MSB
169 110101101 +1 No 110101110 -1 No
170 110111001 +1 No 110110101 -1 No
171 111000100 +1 No 110111010 -1 No
172 111001011 +1 Na 110111111 -1 No
173 111001110 +1 No 111010011 -1 No
174 111010101 +1 No 111010110 -1 No
175 111011010 +1 No 111011100 -1 No
176 111011111 +1 No 111100101 -1 No
177 111101001 +1 No 111101010 -1 Ne
178 111110010 +1 No 111101111 -1 No
i79 $111101 11 +1 No 111110100 -1 No
180 113111101 +1 No 111111011 -1 Mo
181 010110111 +1 No 111111110 -1 No
182 001000001 +3 No 001010011 -3 No
183 010000010 +3 No 001010110 -3 No
184 010000111 +3 No g01111011 -3 No
185 010001101 +3 Na 001111110 -3 No
186 010011001 +3 No 010100011 -3 No
187 010110001 +3 No 010100110 -3 No
188 011100001 +3 No 011000101 -3 No
189 100000100 +3 No 011001010 -3 No
190 100001011 +3 No 011001111 -3 Ne
191 100001110 +3 No 011011017 -3 No
182 100010101 +3 No 011011410 -3 No
193 100011010 +3 No 011110011 -3 No
194 100011111 +3 No 011110110 -3 No
195 100101001 +3 No 101000011 -3 No
196 100110010 +3 No 101000110 -3 No
197 100110111 +3 No 101001100 -3 No
198 100111101 +3 No 110000101 -3 No
199 101010001 +3 No 110001010 -3 No
200 101100010 +3 No 110001111 -3 No
201 101100111 +3 No 110010100 -3 No
202 101101101 +3 No 110011011 -3 No
203 101111001 +3 No 110011110 -3 No
204 110100001 +3 No 110110011 -3 No
205 111000010 +3 No 110110110 -3 No
206 111000111 +3 No 110111100 -3 No
207 111001101 +3 No 111100011 -3 No
208 111011001 +3 No 111100110 -3 No
209 111110001 +3 No 111101100 -3 No
210 010000011 +4 Yes 001100101 -3 No
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Randomized 8-bit byte to 9-bit NRZL word mapping (continued)
Pasitiva CDS selection Negative COS ssiaction :
Randomized 9-bit NRZI(1) Selection g-bit NRZI{1) S_elecnon
byte value NRZL symbo! inverts NRZL symbol mverts
{decimal) word CDS polarity ? word CDS polarity 7
LS8 MSB LSB MSB
211 010000110 +4 Yes 00110101C -3 No
212 010001100 +4 Yes 001101111 -3 No
213 010011000 +4 Yes 000101001 -4 Yes
214 010110000 +4 Yes 000110010 -4 Yes
215 100000101 +4 Yes goo110111 -4 Yes
216 100061010 +4 Yes ooo111101 -4 Yes
217 10Geai111 +4 Yes 001010001 -4 Yes
218 100010100 +4 Yes Q01100010 -4 Yes
219 100011011 +4 Yes 001100111 -4 Yes
220 100011110 +4 Yes 001101101 -4 Yes
221 100101000 +4 Yes 001111001 -4 Yes
222 1001100114 +4 Yes 0101060001 -4 Yas
223 100110110 +4 Yos 011000010 -4 Yas
224 100111100 +4 Yes 011000111 -4 Yes
225 101010000 +4 Yes 011001101 -4 Yes
226 101100011 +4 Yes 011011001 -4 Yes
227 101100110 +4 Yes 011110001 -4 Yes
228 101101100 +4 Yes 101000001 < Yes
2298 101111000 +4 Yes 110000010 -4 Yes
230 111000011 +4 Yes 110000111 -4 Yes
231 111000110 +4 Yes 110001101 -4 Yas
232 111001100 +4 Yes 110011001 -4 Yes
233 111011000 +4 Yes 110110001 -4 Yes
234 111110000 +4 Yes 111100001 -4 Yes
235 001000000 +4 Yes 010101100 -3 No
236 011100000 +4 Yes 011010100 -3 No
237 110100000 +4 Yes 011111100 -3 No
238 010000001 +5 No 00110G011 -5 No
239 100000010 +5 No 001100110 -5 No
240 100000111 +5 No 001101100 -5 No
241 100001101 +5 No 011000011 -5 No
242 10001 1001 +5 No 011000110 -5 No
243 100110001 +5 No 110000011 -5 No
244 101100001 +5 No 110000110 -5 No
245 111000601 +5 No 110001100 -5 No
246 010000000 +6 Yes 110090001 -8 Yes
247 100000011 +6 Yes 001100001 -6 Yos
248 100000110 +6 Yes 011000001 -6 Yes
249 100001100 +6 Yes 0G01 10001 -6 Yas
250 100011000 +6 Yes 0001106011 -5 No
251 100110000 +5 Yes 000110110 -5 No
252 101100000 +65 Yes 000111100 -5 No
253 111000000 +6 Yes 0114001100 -5 No
254 10000C001 +7 No 001111000 -5 No
255 100000000 +8 Yes 110011000 -5 No
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Table 4 - 9-Bit NRZL word selection
Condition at end of previaus Next 9-bit NBZL
NRZI(1) 9-bit symbol word selection

D8V Waveform polarity Positive COS Negative CDS

+ + Chosen

+ - Chosen
-orQ + Chosen
-or0 - Chosen

ﬁ B ———
pattern

Table 5 - DSV calculation using preamble run-up and sync

Caondition before beginning Condition at end

of pattern of pattemn
Pattern Wavetorm pelarity psy Wavetorm polarity D&V

Preamble run-up (180 bits) None ¥ - 0
Preambie sync (36 bits} . Y + -1
Block sync (36 bits) - X - x+1

X . X

Postamble sync {36 bits) + X x
X x-1

5.6 User data processing

5.6.1 Introduction

User data processing includes the blacking of user data bytes, their e
arrangement in product code arrays prior to sector data fieid processing

rror correction coding, and
(according to 5.5).

5.6.2 Data ordering to tape

All input data to be recorded in the helical
saquentially. Sequentially numbered track
time. There shall be no intertrack shutfling of data versus ti
first 36 108 input data bytes, then track n+1 shail contain t

forth.

area of the tape shall be recorded track or sector

5 or sectors shall contain successive data with respect to
me. For example, if track n contains the
he next 36 108 input data bytes, and so

NATO UNCLASSIFIED
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5.6.3 User data structuring

5.6.3.1 General

There are 36 108 sequentiai bytes of user data destined for one helical track and they are first
segmented into 306 consecutive blocks of 118 bytes each. These blocks of user data are then
appended with outer error check bytes, and each so-obtained outer-code block is assigned a

column in the two product code arrays.

5.6.3.2 User data segmentation

Bits or bytes of user data to be recorded onto the helical track are assembled such that the data
“oldest” in time is assigned the least significant position in a byte stream. This byte stream is then
divided into consecutive blocks of 118 bytes. The 118 byte data segments are outer error correction
coded by processing the segment containing the feast significant user data byte first. Processed
segments become outer-code biocks.

5.6.3.3 Outer code blocks

Details of the outer code block are shown in figure 8. All tracks shall contain 306 outer code biocks,
each composed as foilows:

Length 128 bytes
Arrangement Data fieid 128 bytes (see below)
" Data Field Comprises 118 bytes of user data protected by 10 bytes of outer error check cade:
(a) Data segment 118 bytes of segmented user data
(see 5.6.3.2)
(b) Error protection 10 bytes from encoding (a} above with a Reed-Solomaon
RS{128,118) code
(see 5.6.4)
{c) Destination sese 5.8.5
NATO UNCLASSIFIED
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Data segment
118 Bytes

Outer error check code
10 Bytes

Figure 8 - Outer code block

5.6.4 Error correction coding for outer code

5.6.4.1 Data field—outer code block
Each outer code block, defined in 5.6.3.3, is error-protected by the following error corre

referred to as outer code.
Length

Protection

{1) Type

(2) Galois field
(3) Field generator

(4) Order of use

(5} Code generator polynomial
(in GF{2586))

{6} Outer error code

(7) Equation of full code

NATO

ction code,

118 bytes of segmented user data to be encoded
10 bytes of outer error check cade generated as follows:

Outer code, as follows:

Reed-Solomon RS(128,118}

GF{256)
X = X+ X4+ X+ P+ XO
(X' are place keeping variables in GF{2), the binary field)

Leftmost term is "oldest” in time computationally and first
received for cading or applied to product code arrays

G = (X+ 6B) (X+ &) (X+ &) (x+ &7} (X+ ot}
(X + ) (X+ dB) (X + &) (X+ ) (X+ )

where o is a root of P{x}=0 given by 02(hex) in GF(256)

ng ’th K?- ’(61 KS: }ch K3' KZr K1l }(ﬂ in
KX X0+ Ky x X8+ ...+ Kx X'+ Ko# X0

obtained as the remainder after dividing
X9 x D(X) by G(X)

where
D(X)=8117)(X”7+B1,5)(X”6+...+81XX1+BOXX°

C(X)=511TXX'27+B“GXX125+.. .+B,XX“+BQXX‘°
FRGX DO+ Kgx X+ .+ G X0
where B,y through B, represent the 118 bytes of user data,

and K; through K represent the 10 bytes of outer error
code (a byte Q. is processed before a byte Q)

UNCLASSIFIED
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Table 6 - Outer error check coding examples (hexadecimal notation)

ByteID  Biiz Bne Bins B B B K K K K K K K K K K
Pafterm 1 0o 00 60 00 o0 01 D8 C2 g9 6F C7 S5 5 71 9D (03]
Pattem 2 00 01 02 03 74 75 583 78 59 23 8A 14 AA DD FEF 5E

CC CcCc cCcCc cCC CC CC 33 32 4A DD AE EB E7 AF 24 BF

Pattern 3
Timing

First processad

Last processed

5.6.4.2 Coding examples for outer code

An example of three byte patterns in hexadecimal notation is shown in table 6, where pattern 1 is the
impulse function, with the values in the error-code locations representing the expansion of the code

generator polynomial.

5.6.5 OQuter-code block destination

5.6.5.1 General

Although all outer-code blocks are ultimately recorded on tape, it is helpful to visualize them as being
arranged into two product-code arrays first, before their bytes are processed as sync block source
information (accarding to 5.4 and 5.5). In order to provide a link between outer-code blocks and sync
block source information, the bytes of the outer-code blocks have assigned to them a byte marker in
the form { WAX Y). Details of the two product-code arrays are shown in figure 6 and byte markers are

defined in 5.5.2.2.

5.6.5.2 Byte marker assignment for outer-code blocks

The bytes of each outer-code block destined for the same track shall be assigned a byte marker
( W XY) in the following order:

Quter-code block 1:
Cuter-code block 2:
Quter-code block 3:

Cuter-code block 153:
Quter-codse block 154
Quter-code block 155:
OQuter-code block 156:

Quter-code block 306:

(0:0:0) (0:0:1) (0:0:2)
(0:1:0) (0:1:1) (0:1:2)
{0:2:0) (0:2:1) (0:2:2)
(0:152:0) (0:152:1) (0:152:2)
{1:0:0) {(1:0:1) (1:0:2}
(1:1:0} {(1:1:1) {1:1:2}
{1:2:0) {1:2:1) (1:2:2)
(1:152:0)  (1:152:1) (1:152:2)

{0:0:126)
(0:1:126)
{0:2:126)

{0:152:126)

{1:0:1285)
(1:1:1286)
(1:2:126)

(1:152:126)

NOTE: The user data byte marked (0:0:0) is the first user data byte recorded to tape.

NATO
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Figure 9 - Recorded control track waveform timing
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5.7 Longitudinal control track

5.7.1 Definition

The longitudinal control track shall be a series of 32
The location of the control track and its positioning re
defined in section 4.

-bit control words recorded as shown in figure 8.
lative to the helical track information shall be as

5.7.2 Control track content

The control record uniquely identifies each set of four consecutive helical tracks with a 23-bit track
set ID. The four helical tracks with track set 1D equal to 128 shall be the first helical tracks recorded on
tape. Every four subsequent tracks shall be identified by a track set ID that is one higher than the
previous track set 1D, In addition, there is a 4-bit home track ID that may be used to identify the heads
of a scanner that were recording the four helical tracks. If the home track 1D feature is not used, then

the 4-bit field is set to zero.

5.7.3 ANSI sync word

The control track content shall be embedded between two ANSI sync words as shown in figure 9.
The center points or center edges of the ANSI sync words provide the control timing reterence
points or edges, which shall be separated by a pitch distance equivalent to four helical tracks They
shall be aligned with the ends of the preamble run-up sequences as shown in figure 2.

5.7.4 Recording method

5.7.4.1 The 23-bit track set ID, 4-bit home track ID, and an even parity bit shall be bi-phase-mark
encoded before recording between two ANSI sync words takes place. A transition occurs at svery
boundary of bit cells and a 1" is represented by a second transition at the center of the bit cell, while

a “0" creates no such transition (see figure 9).

5.7.4.2 During time intervals A and C of the ANSI sync word (see figure g}, the polarity of the
control track magnetization shail be such that the south pole of the magnetic domain points in the
direction of normal tape travel. Similarly, during time intervals 8 and D, the north pole shail point in the
direction of tape travel. The recorded ANSI sync word shall have a half-width of 4T, where T is 1/64

times the pericd of four helical tracks.

5.7.4.3 The record current rise and fall imes shall be Iéss than 0.15T (10 to 90%) and be matched
within 0.05T. The peak-to-peak recording current shall maximize the playback signal when using a
test signal of peried 2T.

NATC UNCLASSIFIED
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6 Annotation and time code tracks

8.1 Overview

This section of the standard spegcifies the content, format, and medulation method of the _
longitudinal tracks contained in the annotation and the time code tracks for 18 mm type ID-1 hefical

scan cassettes. Track dimensions and locations are specified in section 4.

6.2 Purpose
Referto 1.2

6.3 Referenced standards
This section of ANSI X3.175-1990 is intended for use in conjunction with ANS! X3.264:1396

6.4 Annotation track
' 6.4.1 Method of recording

The signals may be recorded using the anhysteretic {AC bias) method or the saturate recording
(without bias) method. The bias wavelength shall be sufficiently shorter than (about cne fifth of} the

shortest signal wavelength supported by a recorder.

6.4.2 Flux level

6.4.2.1 Anhysteretic method

The recorded reference anatog ievel shall correspond to an RMS magnetic short-circuit flux level of
70 nWh /m = 10 nWb / m of track width at a recorded wavelength of 250 um.

6.4.2.2 Saturate method

The peak-to-peak recording current shall maximize the playback signai at a recorded wavelength of
10 pm.

6.4.3 Relative position

Annatation record information shall be recorded on the tape at a point relative to the helical track as
defined by dimensian P in figure 2.

6.4.4 Polarity

An input pulse that is positive going with respect to system ground shali result in a magnetic pattem
on the tape with a polarity sequence of south-north-north-south, when reccrded in the forward
direction of tape motion. During the "south* polarity portions, the magnetization shall be such that
the south pole of the magnetic domain points in the direction of tape travel.
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6.5 Time code record

6.5.1 Method of recording.
The signals shall be recorded using the anhysteretic (AC bias) recording method.

6.5.2 Flux level.
The recorded peak-to-peak flux shall correspond to an RMS magnetic short circuit flux level of 185
nWb / m £20 nWhb / m of track width.

6.5.3 Relative positions.
Time code track information shall be recorded on tape at a point relative to the helical track as defined
by dimension P in figure 2.

6.5.4 Polarity.

An input pulse that is positive going with respect to system ground shall result in a magnetic pattern
on the tape with a polarity sequence of south-north-north-south, when recorded in the forward
direction of tape motion. During the *south” polarity portions, the magnetization shalfi be such that
the south pole of the magnetic domain peints in the direction of tape travel.
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7 Annexes
Annex A
(tnformative)
Revisions ta X3.175-1990
This ANS! Standard was created as a revision to ANSI X3.175-1980 encorporating changes which

clarify the intended interpretation of clauses in the document and reflect the actual harware
implementations in actual practice which are in conformance with the Standard

The following table identifies the clauss, figure or table in the original document subject to
change, and describes the change reflected in this document with supportive discussion where
appropriate. Only changes of a substantive nature are identified in this annex, nat editorial

corrections.
ltem Clause/figure/table Description of change

1 Clauses 2 ,4.3,5.3 Delete all references to SMPTE Standards and include
Referenced Standards reference to ANS! X3.264-1996, Unrecorded Helical-Scan
Digitat Computer Tape Cassette for Information Interchange

19 mm {0.748 in).

2 Clause 3 control timing reference: now reads
Definitions controt timing referenca point: The center point of the
waveform edge in the center of the ANSI sync word.
This change is one of several which clarifythe R and T

definitions.
3 Clause 3 controf track sync tolerance: now reads
Definitions The maximum allowable longitudinal distance, measured

aleng the reference edge, of the control timing referenca
point from the intersection of the helical track centerline and
the data-area reference line.

This change is one of several which clarifythe Rand T

definitions.
4 Clause 3 data area reference line: now reads
Definiticns A line inside the data area paraliel to the reference edge ata

specified distance from the reference edge.
This change is one of several which clarfy the Rand T

definitions.
5 Clause 3 sector recording tolerance: now reads
Defiritions The maximum allowable distance, along the track centerline,

of the data area reference point from the intersection of the
track centerine and the data area reference line.

This change is one of several which clarify the R and T
definitions.

5] Clause 4.7.2 Now reads:
The data area reference point shall be aligned with the
intersection of the track centerline and the data area
reference line cn every helical track as shown in figure 1 and
table 1.
This change is ona of several which clarify the Rand T
definitions.
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Clause 4.7.3

Figure 2

Figure 2

Clause 5.5.6
Modulation

Clause 5.5.7
Magnetization

Clause 5.5.8.2
Nenlinear intersymbol
interference

Clause 6.4.1
Annctation
Method of recording

Clause 6.5.1
Time code
Method of recording
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The contral timing reference point in the control track sync
word {ANS! sync word) shall be aligned with the intersection
of the helical track centerline and the data area reference line.
This change is one of several which clarify the Rand T

definitions.

Arrow which was label Data area reference peint: now is

labeted

intersection of track centerline and data area reference line.
This change is one of several which clarifythe Rand T

definitions

Centerline added to track labeled Start of track set N+1.
This change is one of several which clarifythe Rand T

definitions

Delete the word “pre-emphasis” from the fourth line.
This change allows the option to use record equalization.

Now reads:

For the preambie run-up, sync patterns, and data fields,
during the time interval of a recorded bit “1* or of a recorded
“+" level of NRZI(1), the polarity of cell flux shall be such that
the north pole of the magnetic domain shall point in the
direction of head motion. Similarly, during tha time interval of
a recorded bit “0" or of a recorded “-" level of NRZI(1), the
polarity of cell flux shall be such that the south poie of the
magnetic domain shall point in the direction of head motion.
This change correctly defines the magnetization
requirements for the different signals in the helical track.

Delete this paragraph. Requiremant not clearly definad nor
measurement methods established for this parameter. The
referenced ANS| X3B6-TM does not exist at this time.

in the first sentence, “shall” is changed to “may”. The sacond

sentence now reads:

The bias wave length shall be sufficiently shorter than {about
one fifth of) the shortest signal wavelength supported by the

recorder.

This change cerrectly describes the possible options for the

recording method.

Delete the second sentence.

The reason for this change is that 6.4.2.2 defines optimizing
the saturate method at 10 um recorded wavelength, which
“confiicts with 6.5.1 requiring the shortest signal wavelength

to be 4.5 um using a bias wavelength of 1 gm.
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Foreword
(This foreword is not part of American National Standard X3.264-1996.)

This standard presents the minimum requirements for 19 mm (0.748 in) wide magnetic tape ¢assette type
D-1 to allow partias that compiy with these requirements reliably to interchange information. This standard
addresses the tape cassette dimensions and tolerances and the properties of the magnetic media.

This standard was developed by Sub-Committee X3B5 for digital magnetic tape. This group consists of
experienced and gualified specialists on the recording of digital information on magnetic tape. In the
development of this standard, carefui consideration was given to current practices, existing equipment and
supplies, achieving the broadest pessible acceptance, and providing a basis for future improvemant in the
use of the medium. This standard has three annexes.

This standard is intended to be used with American National Standard for Information Systems - 19 mm
type ID-1 recorded instrumentation ~ Digital cassette tape format, ANSI X3.175-1990, developed by ASC
X386, and was developed in conjunction with a combined unrecorded/recorded standard Helical-scan
computer tape cassette for information interchange 19 mm {0.748 in) type DD-1 by ASC X3B5

Requests for interpretation, suggestions for improvement or addenda, or defect reports are welcome. Thay
should be sent to the X3 Secretariat, Information Technology Industry Council, 1250 Eye Strest, NW,

Washington DC 20005-3922.

This standard was processed and approved for submittal to ANS] by the Accradited Standards Committee
on Intormation Technology, X3. Committee approval of this standard does not necessarily imply that all
commitiee maembers voted for its approval. At the time it approved this standard, the X3 Committee had the

following membsrs:
James D. Converse, Chair
Donald C. Loughry, Vice-Chair

Joanne Flanagan, Secretary

Name of Reprasentative
Gesaldine C. Main

Saiily Hartzell (Alt.}
AMP, inc Edward Ksily

Charies Brill (Alt.)

David K. Michaset

Organization Represented
Amencan Nuclear Sociaty

Apple Computer, Inc

ATA&T Globat Infermaton Systerns Thomas F. Frost
Clyde Robichaux (Ait.}
Bull HN Information Systems. Ing Patrick L. Harris
Compag Computers Ed Olkkola
Digital Equipment Cerporation Scott K. Jamerson
Richard Hovey {AllL.)
Eastman Kodak Company James D. Converse
Michael Niar (Alt.)
Hewlett-Packard Donald C. Loughry
Karen Higginbottom (All.)
Hitachi America, L.td John Neumann
Kei Yamashita (Alt.)
Hughes Aircraft Company Harold Zebrack
1BM Comporation Joel Urman
. Mary Anne Lawier (At.)
Instituts for Certification of Computer Professionals (ICCP}) Kerneth Zemrowski
National Communications Systams Dennis Bodson
Granger Kelly (Al.)
Nationa! Instituta of Standards and Technology Michael Hogan
James H. Burrows (AlL.)
Northem Telecom, Inc Mei Woinsky
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Recognition Technology Users Association
Share, Inc

Storage Technelogy Comeration

Sun Microsystems, Inc

Sybasa, Inc

Taxas Instruments, inc

3M Company

Linisys Cermporation

U.8. Deparmant of Defense

U.S. Department of Energy

Xerox Corporation

At the time it approved this standard, Technical Committe X385, which developed this standard, had the following

members:

Riichard T. Steinbrennar, Chair
Samuel D. Cheatham Vice-Chair
Joseph S. Zajaczkowski,

International Representative

Bruce H. Andarson
Leonard Badour
Pate Bramhall
James T. Craze
Richard D'Ambrise
Mike Deese

Gary A. Early

Howard Flagg
Arthur Fraeman
Michael Galat
Dana Grubb
Michael Halsal
Hakem Hamaal
DOavid M, Hudson
Norris Huse

Don Jeffares
Kyriacos Joannou
Clayton Johnson
Randy Kerns

W. D. Kessler

Bill A. King
Rabert Lutz

Jack L. Maynard
Dave McFarand
Willlam Meaiey
Bill Madtinski
Eddle T. Morioka
John Neumann
Garrnit Nijssen

Ed Rhodes

Cam Schweitzer
James V. Tiarney i
Charlas Waliington
Cavid M. Wilson
Kirk O. Wiilson
James W. Wolf
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Hertert P, Schantz
Gerald Farmer (AlL)
Gary Alnsworth

David Thewlis (Alt.}
Joseph S. Zajaczkowski
Samuel D. Cheatham (Alt.)
Gary S. Robinson
Donatd R. Deutsch
Clyde Camp

Fritz Whittington (AR.)
Eddia T. Morigka

Paut D, Jahnka {Alt.)
John L Hill

Stephen P. Oksala (AlL)
Jerry L. Smith

C. J. Pasquarielio (Alt.)
Carol S. Blackston
Bruce R. White {AlL.)
John Flannery

Roy Pierca (Alt.)
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Michael L. Bolt (Alt.)
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Joff Bratt {Alt.)
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James Chu (Alt.)
Richard F. Davis (Alt.)
Louis C. Domshy {Alt.)
David J. Donald {Ait.)
Larry P. Dunan (AR.)
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John Fleming (Alt.)
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American National Standard
for Information Technology —

Unrecorded Helical-Scan Digital Computer Tape Cassette
for Information Interchange 19 mm (0.748 in) Type D-1

t Scope and intreduction

1.1 Scope

This standard provides the unrecorded requirements for a computer tape cassette to be usad for information interchangs
between information processing systems. Such a cassette is comprised of twe parts:

- a case to provide protection {rom contaminants and human handling and to facilitate loading/unloading of the
cassette by a drive; and

- a magnetic tape of 19 mm (0.748 in} nominal width held inside the case on twin hubs. The tape shall be
transported between the hubs for digital recording at a physical density of 2 252 {tpmm (57 200 ftpi).

Information interchange between information processing systems requires the use of this standard in conjunction with a
recorded standard.

Additignally, information interchange requires (at a minimum) the utifization of a labeling and file structure and an
interchange code as agreed upon by the interchange panties.

it is not within the scope of this standard to describe a recorded format, nor to address standards for labeling and file

structure.

1.2 Purpose

The purposa of this standard is to define the requirements and supporting test msthods necessary o ensure information
imterchange at acceptable periomance levels. It is distinct from a specification in that it delineates a minimum number of

restrictions consistent with compatibility in interchange transactions.

The performance levels contained in this standard represent the minimum acceptable levels of performance for
interchange purposes. They, therefora, represent the performance levels that the interchange items should meet or
surpass during their usstul lite and thus define end-of-life criteria for interchange purposes. The pertermance levals in
this standard are not intended to be employed as substitutes for purchase specifications.

Wherever feasible, quantitative performance levels that shall be met or exceeded to comply with this standard are given.
In all cases, including those in which quantitative limits for requirements falling within the scope of this standard are not
stated but left to agreement between interchange parties, standard test methods and measurement procedures shall be

used {0 determine such limits.

The interchange parties complying with the applicable standards shouid be able to achieve compatibility without the
need for additional exchange of technical information.

NATO UNCLASSIFIED
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1.3 Conformance

A magnetic tape cassette conforms to this standard if it satisfies all mandatory requirements. The tape requirements
shall be satisfied throughout the extent of the tape.

1.4 Dimensions

The original dimensions and quantities for all numeric values in this standard are in the Intemational System of Units
(Si). Conversians of these units to U.S. Customary engineering units (simitar to British Impenial units) and centimeter-
gram-second electromagnetic units (cgs emu) have been incorporated in accordance with the procedures described in
ANSI/IEEE 268. Units of either of the two measurement systems may be referred to but the two systems should not be
intermixed or reconverted. Conversians of toleranced dimensions and quantities in this standard have been performed in
accordance with Method A of ANSI/\IEEE 268 and ISO 370, Intemational standard toleranced dimensions — Conversions
from millimeters into inches and vice versa, to maintain the implied correspondence between the accuracy of the original
data and the number of significant digits and rounding of the converted values, in the national standards of 1SO member
bodies, additional rounding may be dane to produce "preferred’ values. Thess values should lie within or close to the

original tolerances.

2 Normative references

The following standards contain provisions which, through refarence in the text, constitute provisions of this standard. At
the time of publication, the editions indicated were valid. All standards are subject to revision, and parties to agreements
based on this standard are encouraged o investigate the possibility of applying the most recent editions of the
standards listed below. Members of IEC and 1SO maimtain registers of currently valid International Standards.

ANSI X3.175-1990, 18 mm type ID-1 recorded instrumentation — Digital cassaelts tape format

ANSUV/IEEE 268-1982, Amarican national standard rmetric practice

ISQ 370:1975, Intemational standard tolerance dimensions — Conversions from millimetars into inches and vice versa
SMPTE 224M, Talevision digital component recording — 19 mm type D-1 format — Tape record

SMPTE 225M, Television digital component recerding — 19 mm type D-1 format — Magnstic tape

SMPTE 226M, Television digital component recording — 19 mm type 0-1 format — Tape casselta

SMPTE RP-103-1993, Care, handling, cpseration and storage of magnetic récording tape for television

NOTE - Subssquent referencas to these documents wifl be by document number only.
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3 Definitions

3.1 average signal amplitude: The average peak-to-peak value of the signal output of the read head measured over
a minimum of 280 000 flux transitions, exclusive of dropouts.

3.2 back surface: The surface of the tape oppasite the magnetic coating used to record data.

3.3 basic dimension: A fundamental dimension on which the tape record of this standard is based.

3.4 beginning of tape (BOT): A point denoted by the joining of the Isader to the magnetic tape by a splice, when all
of the magnetic tape is wound on the supply reel.

3.5 cleaning cassette: The cleaning cassefte is intended for the periodic maintenance of the tape tranqurt
mechanisms that directly contact the tape. The cleaning cassette contains a cleaning tape, attached to the reel hubs via

leader and trailer tapes.
3.6 dropout: A loss of read signal amplitude below a given threshold.

3.7 end of tape (EOT): A point denoted by the joining of the trailer to the magnetic tape by a splice, when all of the
magnetic tape is wound on the take-up reei.

3.8 erase: To remove all magnetically recorded information from the tape.
3.9 erasing fleld: A magnetic field of sufficient strength to remove the recorded flux transitions from the tapa.

3.10 flux transition spacing: The distance along a track between successive flux transitions. The spacing is.usualiy
expressed as flux transitions per millimeter (ftpmm) or flux transitions per inch (ftpi). (See physical recording density.}

3.11 leader: A nonmagnstic length of transparent tape joined to each end of the magnetic tape to provide strsngtp
and convenience. At the beginning of the tape, it identifies the storage position of the tape. At the end of the tape, it

indicates that the parmissibie racording area has been exceeded.

3.12  magnetic tape: A tape that will accept and retain the magnetic signals intended for input, output, and storage
purposes on computers and associated equipment.

3.13 master standard reference tape: The tape selected to establish the standard for tape properties essential to '
data interchange.

NOTE — A master standard reference tape has been established. It has been agreed that Sony Corporation will
maintain the master standard rafarence tape. {See secondary standard reference tape.)

3.14 physicai recording density: The number of recorded flux transitions per unit length of track, e.g., flux
transitions per millimeter (ftpmm) or flux transitions per inch (Rpi).

3.15 reference edge: An equivalent reference edge on the control track side of the tape that is established in
accordance with 5.4 and may not coincide with the guide edge. ‘

3.16 referenca fletd: The typical field of the master standard refersnce tape.

3.17 resoclution: The ratic of the average signal amplitude at the physical recording density of 2 252 ftpmm (57 200
ftpi) to that at the physical recording density of 280 ftpmm (7 110 ftpi).

3.18  secondary standard reference tape: A tape, the performanca of which is known and stated in relation to that
of the master standard reference tape.

NOTE - A master standard amplitude reference tape has been sstablished. The Sony Corporation will make
available for purchase, secondary standard reference tapes that can be ordered until the year 2005. For information
centact:

Sony Corporation, Magnetic Products Group, Major Customer Sales Division,

6-7-35 Kitashinagawa, Shinagawa-ku, Tokyo 141, JAPAN,

NATO UNCLASSIFIED
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Tel: 81-3-5448-3560, Fax: 81-3-5448-7701, Tlx: SCNYCORPJ22262

3.19 standard reference amplitude: The average peak-to-peak signal ampiitude output from the master standard
referance tape when it is recorded with the standard reference current. The signal amplitude shall be averaged over at
least 280 000 flux transitions. Traceability to the standard reference amplitude reference level is provided by the

secondary standard referencs tapes.

3.90 standard reference current: The current required to produce the reference field.

301 standard reference resolution: The resolution of the master standard reference taps when it is recorded with
the standard reference current.

3.22 tape cassette centerline: The centerfine ot the cassette is defined as a line perpendicular to the prima
reference line and located midway between the centers of the two reference holes, see figures 1-3.

3.23 track: A namow, defined area on the tape along which a series of magnetic signals may be recorded.

3.24 track angle: The angular deviation, expressed in degrees and minutes of arc calculated from arcsine of
(16/170), of the centeriine of the recorded track from the equivalent referenca edge of the tape.

3.25 typical fleld: In the plot of average signal amplitude against the recording field, i.e. write current, at the physical
recording density of 2 252 ftpmm (57 200 fipi) tha minimum fietd that causes the maximum average signal amplitude.

4 Enviranmental and safety

4.1 Testing environment

Tests and measurements made on the taps to check the requirements of this standard shall bs made under the
following conditions unlass otherwise specified:

Temperature: 20°C £ 1°C (6B °Fx2 °F); (Ref. SMPTE 224M);
Relative humidity: 50% = 2%,; {Ref. SMPTE 224M, 225M};
Barometric pressure; 896 kPa + 10 kPa {14 psi £ 1.5 psi);

0.80 N = 0.05 N (2.8 ozf = 0.2 ozf);
cassette shall be exposad to the test environment  for a minimum of 24

hours.

Tape tension:
Conditioning before testing:

4.2 Operating environment

Cassettes used for data interchange shall be operated under the following conditions:

Temperature: 5°Ctod45°C (41 °Fto 113 °F);
Relative humidity: 20% to 80% non-condensing,
Maximum wet bulb temperature: 26 °C (79 °F).

4.3 Cassette conditioning

For interchangs, the cassette shall be conditioned by exposure to the operating environment for a time squal to or
greater than the time away from the operating environment {up to a maximum of 24 hours).

Conditioning of the tape stock before recording and testing for compliance to this standard shall be as follows:

Storage conditioning: not fess than 24 hours;

Environmental: stabilized to the conditions specified in 4.1;

Tape tension; wound on a reel at a tension of 0.6 Nto 1.5 N (2 oz}
to 5 ozt).

4.4 Storage environment

NATO UNCLASSIFIED
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Cassettes shalf be stored under the following conditions:

Temperature: 5°Cto32°C (41 °Fto 90 °F)
Relative humidity: 40% to 60%

For environment for transportation refer to annex A.

4.5 Safety

4.5.1 Safeness

The components of the tape and cassette assembly shalt not constitute any safety or health hazard when used in the
intended manner, or through any foresaeable misuse in an information processing system.

4.5.2 Flammability

Tape or cassette components that will ignite from a match flame, and when so ignited will continue to bum in a stil
carbon dioxide atmosphere, shall not be used.

4.5.3 Toxicity

Tape or cassette components that may cause bodily harm by contact, inhalation, or ingestion during noermal use of the
cassette shatfl not be used.

5 Tape mechanical and electrical properties

8.1 Materials

The tape shall consist of a base film material {oriented polyethylene tersphthalate film or its equivalent) coated on one
surface with a strong yet flexible layer of ferromagnetic material dispersed in a suitable binder. A back coating material

may be used.

5.2 Tape width and tolerance

5.2,1 Reguirement

The tape width shall be 19.010 mm < 0.015 mm (0.7484 in = 0.0006 in).

5.2.2 Procedure

The taps, covered with a glass plate, shalt be measured without tansion at a minimum of five different positions along
the tape using a calibrated microscope or protile projector having an accuracy of at least 2.5 mm (98 min). Tape width is

defined as the average of the five readings.

5.3 Delta width

5.3.1 Requirement

Delta width (width fluctuation) shall not exceed 6 mm (236 min) peak to peak.
3.3.2 Procedure

Measurement of delta width shall be over a tape length of 230 mm (9.06 in).
5.4 Reference edge straightness

Reference edge straightness is the departure of the reference edge of the tape from a straight line along the fongitudinal
dimension of the tape in the plane of the tape surface.

5.4.1 Requirement
NATO UNCLASSIFIED
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The reference edgse straightness maximum deviation is 6 mm (236 min) peak to peak.

5.4.2 Procedure

the edge of a moving tape guided by two guides having contact to the

Edge straightness fluctuation is measured at
5 in). Edge measurements are averaged over 10 mm (0.4 in) lengths

same edge and having a distance of 115 mm (4.
and are made at the mid-paint between the two guides.

5.5 Tape thickness

Use of tapes with various thicknesses is permitted with the total tape thickness being within the following values:

nominal 16 mm tape shall have a thickness between 13.5 mm — 16.0 mm {531 min — 630 min);

nominal 13 mm tape shall have a thickness between 11.0 mm - 13.0 mm {433 min ~ 5§12 min).

5.5 Magnetic recording surface coating thickness

The magnetic recording surface ceating thickness shall be 2 mm — 3.6 mm { 80 min — 140 min). Backcoating surface
thickness is not specified.
5.7 Tape iength

Each tape cassetie shall contain either 16 mm nominal or 13 mm nominal thickness tape and shall be wound to the
minimum length as shown in the table below:

Cassette size 16 mm nom 13 mm nom

Small 190 m (623 ft) 225 m (738 ft)
Medium 587 m {1925 ft} 708 m (2322 ft)
Large 1311 m (4300 ft) 1622 m (5322 ft}

The maximum length shall be govemned by the outside diameter of the tape pack conforming to figures 4, 5, and 6.

5.8 Discontinuity

There shall be no discontinuities in the tape between the beginning of tape (BOT) and end of tape (EQOT) leaders such
as those produced by tape splicing or perforations except those caused by [eader or trailer attachment.

5.9 Longltudinal curvature

Longitudinal curvaturs is the deparlure of the reference edge of the tape from a straight line along the lengitudina
dimension of the tape in the plane of the tape surtace.

5.5.1 Requirement

Any deviation of the reference edge trom a straight line must be gradual and shall not exceed 0.04 mm {0.C016 in) within
a 229 mm (9.0 in) span of tape.

§.9.2 Procedure

Measure at a tension of 1.39 N = 0.28 N (5 azf = 1 oz} in a test fixture equipped with two guides spaced at 229 mm + 1
mm (3.00 in £ 0.04 in}. The two guides shall be spring loaded to position the reference aedge of the tape against two
adge contro! surfaces. Measure the maximum deviation of the reference edge of the tape from the line drawn between

the two control surfaces.

5,16 OQut-of-piane distortlons
Out-cf-plane distortions are local deformations that cause portions of the tape to deviate from the plane of the surface of

the tape. Out-of-plane distortions are most readily observed when the taps is lying on a flat surface under no tension. All

NATC UNCLASSIFIED
Al101 - 6



NATC UNCLASSIFIED ANNEX A to STANAG 7024
Edicion 2

visual evidence of out-of-plane distortion shall be removed when the tape is subjected to a uniform tension of 0.6 N =
0.03 N (2.0 ozf £ 0.01 ozf).

8.11 Leaders, trailers and splices

5.11.1 Leaders and trallers

The cassette shall include leader and trailer tape. When attached fo the hub, there shall be a length of 300 mm = 30 mm
(12 in £ 1.2 in) between the splice point and the outside of the cassette sheil (see figure 7). The ieaderftrailer taps
material shall be polyester or equivalent having a transmissivity of at least 60% when measured with a 700 nm - 800 nm
(7 000 A — 8 000 A) light source. When attached to the hub, the leaderArailer tape shall not separate when subjected to
a force of 22 N (80 ozf) or less. The width of the leaderttrailer tape shall be 19.010 mm x 0.025 mm (0.748 0in £ 0.000 &
in). The thickness of the leader/trailer tape shall be 10 mm to 40 mm (390 min to 1 600 min}. The break tensile strength

of the teader/trailer tape shail be at least 22 N (80 ozf].
5.11.2 Splices

There shall be no splices allowed on magnetic tape between the leader and the trailer except those used to attach the
leader and trailer.

The splicing tape shall ba of a polyester material which may be with a meta! foil backing. The spiicing tape width shall be
19.010 mm = 0.025 mm (0.7484 in + 0.000 6 in). The splice shall not separate when subjected to a force of 22 N (80

ozf) or less.

5.12 Tape wind

The tape shall be wound on the hubs with the magnetic coating out, and in such a way that during forward read/write
operations the tape is unwound in a counterclockwise direction {resi fums clockiwise) viewed from the top of the cassette

as shown in figures 4, 5, and 6.

5.13 Oftset tensile yleld force

Tha force to produce 1% of tangential elongation of the sample (tape or leader/trailer).

5.13.1 Requirement
The offset tensile yield force shall be a minimum of 15 N (54 ozf).

5.12.2 Procadure

Use a static weighting, constant rata-aof-separation tester capable of indicating tha load to an accuracy of £ 2%. Clamp a
specimen of at least 276 mm (11 in) in length, with an initial 200 mm (7.3 in) separation betwesn the jaws. Elongate the
specimen at a rate of 100 mm (3.9 in) per minute. The initial tangential sicpe is extended and read at 1% elongation.

5.14 Inhibltor tape
An inhibitor tape is a tape that degrades the performance of the tape drive or ather tapes.

Certain tape characteristics can contribute to poor tape drive performance. Tapes that exhibit thesa characteristics may
not give satistactory performance, can result in excessive errors and can' interfere with the subsequent performance of

other tapes.
These characteristics include the following:

- high abrasivity;

— high friction to tape path components;

— poor edge conditions;

- axcessive tape wear residual products;

- electro-static charge build-up on the tape or tape path components;
- interlayer slippage;

— transfer of magnetic coating to the back of the next tape iayer;
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—~ separation of tape constituents causing deposits that may lead to tape sticking or poor performance of other
tapes.

The inherent characteristics of the tape should be such that the tape wiil not inhibit interchange performance.
5.15 Electrical resistance of the magnetic coating surface and back surface
Electrical resistance is defined as the chms of the magnetic coating and back surfaces.

5,15.1 Requirement

The resistance for the magnetic surface shall not exceed 10" chms, but shall be greater than 5 x 10° ohms. The
resistance for the back surface shall not exceed 5 x 10* ohms.

NATO UNCLASSIFIED
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5.15.2 Procedure

- After conditioning te the test environment, position the test piecs over two 24-carat gold-piated semicircular electrodes

having a radius R = 25.4 mm (1 inj and a finish of at least N4, so that the magnatic coating surface is in contact with
each electrode. The electrodes shall be placed parallel to the ground and parallel to each other and spaced d = 25.4 mm
(1 in) apart (see figure 8). Appiy force of 0.25 N x 0.012 N (0.8 ozt = 0.04 ozf) to each end of the test ptece. Apply a DC
voitage of 500 V = 10 V across the electrodes and measure the resuiting current flow. From this value, determine the

alectrical resistance.

Repeat for a total of five pasitions along the test piece and average the five resistance readings.

Repeat tha test for the back surfacs.

NOTE - Neither the specimen nor the insulating surfaces shall be handled with bare fingers. (The use of clean, lint-
free gloves is recommended.)

5.16 Layer-to-layer adhesion

Layer-ta-layer adhesion refers to that property of a magnetic tape wherein one [ayer when held in close proximity to the
adjacent layer exhibits an adhesive nature and bonds itself to an adjacent layer so that free and smooth separation of

the layers is difficuit.
5.16.1 Regquirement

There shall be no evidence of layer-to-layer adhasion or coating delarmination.

5.16.2 Procedure

A 914 mm (36 in) length of tape shall be fastened at one end, magnetic side down, to a 12.7 mm (0.5 in} diameter by a
102 mm {4 in) long stainless steei cylinder with a non-oozing adhesive material. Attach the opposite end of the tapse to a
300 gram (10.6 oz) weight. A small strip of double-coated adhesive tape shall be affixed to the magnetic side of the tape
25.4 mm {1 int) above tha weight. The tube shall then be stowly and uniformly rotated so that the tape, held in tension by
the weight, winds uniformly around the tube into a compact and even roli. The doubls-caated adhesive tape when
wound into the rofl acts 1o secure the end and prevent unwinding when the weight is removed. The tube supporting the

weight is then expased to the following temperature and humidity cycle:

Time {hr} ‘Temperature Retative humidity
16-18 55° C {130°F) 85% = 5%
4 55° C (130°F) 10% or less
1-2 21.1° C(7C°F) 45% = 5%

To evaluate the tape {or adhesion, the end of the roll should be opened and the double-coated adhesive tape removed.
The free end of the tape should be released and the outer one or two wraps should spring loase with no adhesion. The
free end of the tape should then be held and the cylinder allowed to fall, thereby unwinding the tape. The unwound tape
should then be checked for coaling delamination with the exception of the last 54 mm (2 in} of tape nearest the cylinder.

5.17 Coating adhesion

Coating adhesion is the torce required to separate any pait of the coating from the tape base film material,

5.17.1 Requirement

The forca required to separate any part of the coating from the tape base film material shall not be less than 1.0 N (3.5
azf). The force required to separata any par of the back coating from the tape base film material shall not be less than

1.0 N (3.5 ozi).
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5.17.2 Procedure

a) Take a sample of the tape approximately 381 mm (15 in} fong and scribe a fine through the coating across the
width of the tape, 127 mm (5 in} from one end;

b) Using double-sided pressure sensitive tape applied to the full width of the sample, attach the sample to a smooth
metal plate, with the magnetic coating surface facing the plate;

¢) Folid the sample 180 degrees adjacent to, and parallel with the scribed line. Aftach the metal plate and the free
end of the sample to the jaws of a universal testing machine such that when the jaws are extended the tape is

separated. Set the jaw extension rate to 254 mm/min {10 in/min});

d) Note the force at which any part of the coating first separates from the base film matesal. If the sample separates
away from the double-sided pressure sensitive tape before the force exceeds the requirement, an altemative type of

double-sided pressure sensitive tape shall be used;
¢} Repeat a to d for the back coating, if present.

5.18 Residual elangation

The residual elongation shall be taken as the elongation of a sample over a specified period of time.

5.18.1 Requirement

The residual elongation of the tape shall be no more than 0.1%.

5.18.2 Procedure

Cut = tape length of 1 m (39.4 in) and fasten one end so that the tape hangs freely. Attach a 0.3 N (1 ozf) load to the

loose end and measure the length. Attach an additional 10.5 N (37.8 ozf) for 10 minutes. Remove the additional 10.5 N
{37.8 ozf), and after 10 minutes measure the changs in length from the original. The rasidual elongation is the change in

length expressed as a percantage of the original tape length.

5.19 Tape cupping

The departure across a tape (transverse to maotion) frem a flat surface is defined as cupping.

5.19.1 Requirement

The departure from a flat surface shall not exceed 0.12 mm (0.005 in) in the tape sample.

5.19.2 Procedure

Cuta 0.9 m (36.0 in) sample of the tape. Condition it to the test environmant by hanging it so that the recording surface
is treely axposed 1o the test anvironment. From the center portion of the acclimated tape sampls, cut a sample 25.4 mm
{1.0 in} in fength. Stand the cut sample on its end in a cylinder, which is at least 25.4 mm (1.0 in) high and has an inside
diamater of 19.21 mm £ 0.20 mm {0.756 in = 0.008 in}. With the cylinder standing on an cptical comparator, measure

the cupping by alfigning the edges of the sampie to the reticule and determining the distance from the aligned edges to
the corrasponding surface of the sampie a! its highest point.

5.20 Llght transmission
Light transmission is the measure of the tape's characteristic attenuation in transmission of light through itself.

The magnetic lape shail have a lignt transmissicn of Jess than 5% when measured with a 700 nm ~ 300 nm (7000 A-
8000 A) lignt source,

6 Magnetic properties

NATO UNCLASSIFIED
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6.1 Magnetic coating

The coating coercivity shall be in the 850 cersted class as measured by a 50 Hz or 60 Hz BH meter. The magnetic
particies (pigment) shall be longitudinafly oriented.

6.2 Ease of erasure

The maximum peak-to-peak signal ampiitude leve! remaining after subjecting a tape recorded at 170 ftpmm (4 320 fipi}
with the standard referance current to a maximum longitudinal steady field of 2 550 cersteds (202 923 A/m) shall be less

than 3% of the average peak-to-peak signal amplitude pricr to exposure to the erasing field.

6.3 Average signal amplitude

The average peak-to-peak signal amplitude of the tape under test shall not deviate more than +25% or -10% from the
standard reference amplitude. The averaging shall be done over a minimum of 280 000 flux transitions, exclusive of

dropouts.

The tape under test and the amplitude reference tape shall be recorded on the same equipment with 2 252 ftpmm (57
200 ftpi) using the standard reference current. The output level shall be measurad on the same equipment.

6.4 Resolution

The resolution of the tape under test shall not deviate more than +35% or -15% from that of the standard referencs tape.
The tape under test and the reference shall be recorded on the same equipment using the standard reference current.
The output amplitudes shall also be measured on the same equipment {(see annex B).

6.5 Typical fieid

The typical field of the tape under test shall not deviate more than +10% or -20% from that of the master standard
reference tape.

6.6 Signal dropout

Dropout refers to any read-back signal that falis below a base-te-peak amplitude of less than 35% of the average base-
to-paak {one-half of the peak-to-peak) signal obtained from the amplitude reference taps when each tape is recorded at

2 252 Hpmm (57 200 ftpi).

6.6.1 Requlrement

The number of rejected regions, not to exceed 25.4 mm (1.0 in) per region is a matter of agreament between
interchange parties. For the purpose of evaluation of an unreccerded tape to be used for interchange, an average of one

rejectad region per 30.5 m {100 ft) of usable track is the recommended limil.

6.6.2 Procedurse

This test shall be camied out in the contact condition over the entire tested recording area during a read-while-write
operation using the standard referenca current. The track spacing shail conform to the recording format for which the

cassette is intended to be used in data interchange.

7 Caésette

7.1 General description

Tha cassette is a coplanar design in three sizes with the tape and hubs completely enclosed by the case, except for the
hlnge.d C?oor opening. The drive is via hub couplings which are mechanically connected to extemal reeling motors. Tape
velocity is stabilized by an external capstan. A clear plastic window allows visual monitaring of the tape from the top of

the cassette.

NATO UNCLASSIFIED
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7.2 Dimensions
7.2.1 Small cassette

The dimensions of the smali cassette are as shown in figures 1, 4, 8, 10, 11, 12, 13, 14, 15, and 23.

7.2.2 Medium cassetle

The dimensions of the medium cassette are as shown in figures 2, 5, 12, 13, 15, 16, 17, 18, 23, and 24,

7.2.3 Large cassette

The dimensions of the large cassette are as shown in figures 3, 6, 12, 13, 15, 19, 20, 21, 22, and 23.

NATO UNCLASSIFIED
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7.3 Cassette positioning planes

The cassette is intended to mount in readAwrite machines in one position only, and cassettss shall have asymmetrical
features that can be utilized to prevent engaging the cassette improperly (see figures 8, 16, and 19). '

7.3.1 Small cassette

The location of the smail cassette positioning planes are as shown in figures 9 and 10.

7.3.2 Medium cassette

The tocation of the medium cassette positioning planes are as shown in figures 16 and 17.

7.3.3 Large cassette

The location ot the large cassette positioning planes are as shown in figures 19 and 20.

7.4 Datum planes

Datum plane Z is determined by datum areas A, B, and C as specified in figures 8, 16, 19, 11, 18, and 21. Datum C
need not correspond to a fastenser. Datum plane X shail be orthogonal to datum plans Z and shall rur through the center
of datum hole {A) and datum hole {B) as specified in figures 9, 11, 16, 18, 18, and 21. Datum plane Y shail be
orthogonal to both datum plane X and datum plane Z and shail run through the center of datum hoie (A) as specified in

figures 9, 11, 16, 18, 19, and 21.

7.5 Window and iabels

Window and label areas shall be specified as in figures 11, 18, and 21. Labels attached to the cassette shall not extend
beyond the extemnal dimensions as shown in figures 11, 18, and 21. Labeis shall not interfere with users’ or
manufacturers’ identification holes. Labels shail not interfere with the huk drive and suppon machanism.

7.6 ldentification hoies

There shall be two sets of identification holes, one for the use of the manufacturer and the other for the user.
Manutacturers’ coding holes, detailed in figures 1, 2, 3, 10, 17, and 20 shall be defined as follows:

7.6.1 Manufacturer hofes

7.6.1.1 Media thickness

Manufacturers’ holes 1 and 2 shall be used in combination to indicate tape thickness accaording to the following logic
table:

Logic status

Hole #1 Hoie #2 Meaning
0 0 16 umtape
o 1 13 um tape
1 o Undefinad/resarved
1 1 Reserved, cleaning cassette only

NOTE — A ‘0’ in the above tables indicates that the indicator tab is removed or open, denoting an undetectsd status
{0 state) by the recorder/player sensor mechanism.

NATO UNCLASSIFIED
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7.6.1.2 Medla coercivity

Manufacturers’ holes 2 and 4 shall be usad to indicate the coercivity of the magnetic recording tape according to the
following logic table:

Logic status

Hole #1 Hole #2 Meaning
0 0 Class 850 oe
0 1 Class 1 450 oe
1 0 Undefined/reserved
1 1 Reserved, cleaning cassette only

NOTE — A ‘0" in the above lables indicates that the indicator tab is removed or open, denating an undetected status
(0 state} by the recarder/player sensor mechanism.

7.5.2 User hales
The user plug mechanism shall withstand an axial force of 0.5 N (1.8 ozf),

The dimensions and location of the users' holes specified in figures 1, 2, and 3 shall be defined as follows:

When a ‘0’ state exists, the user holes shall identify the foliowing conditions:

Hole Condition
1 Total record lock out (data/auxiliary/time code/control track)
2 Reservad and undefined
3 Reserved and undefined
4 Reserved and undefined

7.7 Reels
The dimension of the reels and the relationship between the reels are specified in figures 12 and 13.

Tha reels shall be locked automatically when the cassette is removed from the recorder-player. When a small cassette is
insarted inte a recorder-player, the reels shall be unlocked automatically as specified in figure 14. When a medium or
large cassette is inserted into a recorder/player, the reels shall be unlocked automatically as specitied in figures 22 and
24. The reals shall ba held in positon by a real spring with a force as shown in figures 14, 22, and 24, when the height
at the reel tabig support is 2.0 mm = 0.2 mm (0.08 in = 0.01 in) from datum plane Z. The force needad to release the

reel lock of the cassette shall be 0.6 N {2.2 oZf} maximum.

7.8 Lid-door

The lid-door shall provide protecticn to exposed tape by closing and locking autormaticaily upon removal from the
recorder-player. The lid-door shail be unlocked and opened by the recorder-player when the cassette is inserted. The

minimum space for a loading mechanism is shown in figure 285,

7.9 Locking and opening

The lid-door shall be unlocked by a 0.6 N (2.2 ozf) maximum torce being exerted upon the reiease pin, as specified in
figures 10, 14, 22, and 24. The lid-door shall be lifted by the recordar-player to the pasition shown in figure 15. When the
cassatte is removed from the recorder-piayer, the lid-door shall lock automatically. The maximum force to open the lid-

door shali be 1.5 N (5.4 ozf),
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1 Small cassette coding holes and user holes
Notes:
1. The cassstte shall be provided with four coding hoiss (1) to {4) and four user holes (1) to {4). When any plug
is removed, the opening shall be shown in detail A. The user piug (1} shall be green.
2. User Holes (3} and (4) on the upper shell shall ba opened when user plugs are removed.
a All cassettes shall be provided with holes as defined by section DD and CC.
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2 Medium cassette cading holes and user holes
Notes:
1. The cassette shall be provided with four coding holes (1) to {4) and four user holes (1) to (4}. When any plug
is removed, the opening shail be shown in detail A. The usar plug (1} shall be green.
2. User Holes {3} and (4) on the upper sheli shall be opaned whan user plugs are remaved.
3. All cassettes shall be provided with holes as defined by section DD and CC.
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3 Large cassette coding holes and user holes
Notes:
1. The cassette shall be provided with four coding holes {1) to (4) and four user holes (1) to (4).
2. User Holes (3) and (4) on the upper shell shail ba opened when user plugs are removed.
3. All cassettes shall be provided with holes as defined by section 0D and CC.
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4 Internal structure and tape path of small cassette (top view)

Notes:
1. Dimensions marked with an asterix are nominal values specifying the tape path.

2. Area for the rael.
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5 Internal structure and tape path of medium cassette {(top view)

Dimensions marked with an asterix are nominat values specifying the tape path.
Area for the reel.
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6 Internal structure and tape path of large cassette (top view)

Dimensions marked with an asterix are norminal values specifying the tape path.

Area for the reet.
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Notes:
1. The casssite shall be secured by the recorder and/or ptayer unit on the dotted area.
2. The periphery within 1.0 mm from the edge of guiding grove B and from the edge of the cassette shall be
removed from the support area.
3. Datum plane Z shall be determined by datum areas A B,and C.
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@53 Datun hote(a) Datum plane ¥
148, Bis.2
130,513
Datun plane X 124 . mln 5
_ Lid lock and release
2 : Coding hole NOTE 3
w ol user-hole  2-{3p w
-t — Pl rnd
RENEE 5'¢-1x 6 Datum hole(b)
o33 ¢ |w|*" user-hole
b el PN See F19.13
Tiol 3T . Guiding groove B
o o Deptn: 2.7,
T
B G
© , Gulding groove A
@573 \ Depthn: Jte.n
User-ngle &,
-W-——/ 2512 e, \___Reel lock and release
—_— §71e.2 \NOTE 2
1091s.2
19533 153:3-]
(1723
Pmax 0.5 Rmax 0.5
Sacton AA Section B8

10 Bottom view of small cassette
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o NOTE 4 - patum plane Y
- \Deoth:0.2tc0.3 _ s
- — 41
s1S = =
o} e . g
!
4 T
o 141}
patun olane X
NOTE 1 Window area / Label area "
patum plane Z 139 5 6 s 4 N
a-user -olugs 990 Y ,b,@
NOTE 6 b ol q: o i@
] - i
. AT ] i el ™~ 1
H 3] TP e - -
2 \gz w0 c N a g:; &,/
o :—- 8z Ol
= = it
s / - (> | | e
d
NOTE 2 et . ;- ~
: O * +
Deoth:0.3 too..azz - 15 f / R {BEE Ve
9 ') 6712 E 3312
Picker notch min 140 E
NOTE 5 Depth:C.2100.3 max 138 Picker notch
4'3? 142 max 4
153%:3 IS5 q°3-% NOTE 2
{172) Deptn:0,2 1O 0.35
NOTE 3 -
Depth:0.2 t0 0.3 90
wy A5 “‘:’] |
F——u Y. o :
e U=
y i -
h’ -:lo 54
™M
Cetent and | 411 ]
Misinsertion_notch 14172 _Section 88 _
[+e}
= p
& Conflguration

Third angle projaction

N___-oetlonal

user plug (2}

__Delailsof &

11 Top and side view of small cassetie

Notes:

S

The crosshatched area is available for the window/labels.
Side label may be attached to this recessed area.

Rear label may be attached to this racessed area.

Lid labe! may be attached to this recessed area.

Top label may be attached to this recessaed area.
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i

(15°

Hio,08

min 24,85%
max 5.15

Section AA

Cassette M

A

!
NOTE
236.9,

NOTE
za 50:.1

49

\

Internal radil max R0O.3

258
P62
366, dao.z

@122.5 REF

] o

245.3
min 32

min 3

L~

2

(15 Y

s

o

Sea.as

min 24.9
max 5.1

Casselte L

!
NOTE
236.3,
NOTE
245"
249

\\\rnternai

\S_uwz

Reel gquard
radli max R0O.3

258
262
P66, d1e.2

©178.5 REF

29

@258.7
min 32

min 3

G100

L——I\—J’

[a2]

*'_‘-4

ax 5.05 /

min 24.9%

G =

Third angle projection

FTNGs )
!

NOTE
236.3,

NOTE
@45'3"
@49
258

.18

o
Suypport plane
Reel guard

Internal radil max RO.3

262
@66, 492

12 Cassette reel

The center of the raef and the reel table shall be positioned on either the 36.0mm +0 - 0.1mm or the 45.0mm +

0.1 - Omm diameter.
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min @10 NOTE 8

d
%
Off the
Machine ! ,
i i
— | t
batum Plane Z v .
- i=]
NOTE 6
NOTE S Reel Holder

TTReeT SorinaIN
g =& >
[—'————Eﬁﬂ{/-—ﬂ\é%%h —

NOTE 3 INeare 3
gatun Plane Z ~.Reel Tavie

“MNOTE 4

Tape
center

3 2he

15

NOTE 1

a2

Cassgette S. M Casselte L

= OB

Details of A

13 Relationship between reel and ree! table

Nates:

1. Distance between the support area of the reel table and datum plana Z.

2. Distance between tha support area of the resl table and tape center.

3. Support area of the reel tabte.

4, Hatched area shows the maximum reel table area.

5. Reel spring pressure small cassette 3.- 4 N, medium and large cassette 9 - 11 N.

B. If necessary, more reei spring pressure shall be applied to this portion from the outside.
7. The reel spring structure is at manufacturer's option.
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ree!l lock ang release

T
A

Reel tock and release |

Datum plane X

- — \\\\\\
i)
el
\ Release pin |
o
>
< !
g |IIN )
NOTE 1
B Flrst Engaged Position
70,523
Released Position

_‘%‘! 74, 5ro.8

Third angle projection Section AA

14 Small cassette reel lock and release

Note:
1. Clearance 8 shall be 0.5 mm at a minimum when the release pin is located 75 mm away from datum piane X.
2. The end of the reel lock shall be outside the reel area 84 mm min in diameter, when the release pin is located .

74 mm away from daturn plane X. -
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‘ Cassefte M. L

min 5

O==)

Third angle projection

Cassette S

L Lhz;:‘_.

oy

min 3.8

g

~ AN |

LY
ﬁ\h\ 3, 510.8 Released position
l—

110 First engaged position

Retease 0in

b\Datun plane X

15 Lid lock and release

Clearance B shall be 0.5 mm ata minimum when the release pin is located 3 mm away from the datum
plane X.
The lid lock shall be released when the release pin is located 4 mm away from the datum plane X.
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patum plane Y
140 .5
130 .52
' 110
1¢ 20
Datum pline X /A ..E.\
' = —> o}
i A NI {]
N - Ji r
n o
w| o w
s Lad [ g
w0
po L
- -
N
]
5 139
Crtum plane Y 45 179 ufdin ogve B
A
52 186
nalt 1 R ORI ¢
Bores] ez imus haiding 1rsa g . 1
NOTEZ P :
AN sveport ares % :
NUTE 3 ) o 4 -
Datum ares i ; ‘:_‘
#10 b
-
{ i | 1 -3~ :1
T
—_L;/ : -
Dalym lana X

16 Datum area, support area, and holding area of medium cassette

Notes:

1. The cassette shall be secured by the recorder and/or player unit on the dotted area.

2. The periphery within 1.0 mm from the edge of guiding grove B and from the edge of the cassette shall be
rermoved from the support area. The cassstte shall be supported by the recorder and/or player unit on the
hatched area.

3. Datum piane Z shall be determined by datum areas A, B, and C.
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patum plane Y
25'%! patun holeia) 37,53 171 . 503
User-hale min S 1468, 520.
NOTE 1 130, 5103 ]
t1d lock and release 124 min S
NOTE 8 _lmin 5
Ceoding hole Lig lock and relgase

Catun plane X

) s
@ P 430 )
ot Siela ~
AlllA
|2 5'3'x6 patium hole
- -,t-_:_“'{ ~__lUser-noie
Slad 8i 2lsfw NOTE 1
oled Sinjw| g
W M
i 7 s Guiging groove 8
'ﬁ:::\—- WJ /Deotl'\ 2;:

(6)

mQ
a,

Gulging groove A

2 5102 \ ~.Deptn: 3.1

G722 @5°2" yser-nole
1092 < NOTE
129, 510.2
50153 194137
{254} |
Fmax 0.5 rmax 0.5 Rmax 0.5
Section AA ™ Sectlon BB __Section CC__
c
€

17 Bottom view of medium cassette
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Datun plane Y

« @
wlm
slels
Gigle
3 Datun plane Z
.;.v 4-User-plugs
N NOTE §
NOTE 1 window area / Label area "
Datun plane X 6 180 46 6 2 a ,;
2. a0 - )
Ra — @
— .:1 q
- l ¥
i 1 4 ]
=4 \4 oot . L/
i - B8 =]~
x| = 1o
-3 ol E @ ufe
3 = ~it
[*=] ! m
S AN
: 2\ - X ?J
o
ol.lZ 2z o T \ e, » -
—L = NOTE 5 Depth:0.2 t90.3 \J ‘P,J‘ 22% 3
= 3310,
NOTE 2 < min 200 N NOTE 7
Deptn:Q.2toC.3 max 179
3.t
Depth:0.2 t0 0.3\
NOTE 3 Depth:0.2100.3 8Q* c s
o . A ,Q} 89 .
o (17 > _
o \\ —t i !
A /
- i
) 38s _
200" Saction BB

min 2.8

Conflguration

Petent and
Misinsertion notch
-Optional

it User otug (2}
\
Details of A

Third angle projection

18 Top and side view of medium cassette

Notes:

1. The craosshatched area is available for the window/Iabels.
2. Side labei may be attached to this recessed area.

3. Rear label may be attached to this recessed area.

4. Lid label may be attached to this recessed area.

5. Top label may be attached to this recassed area.
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Patum plane Y

140.5
130,503
110
10 20
patun plane X Ao 8
1 1 /._‘-‘ _\\ 1 1 L
[ i I
T ¥ . ] ki
ety
o] h
: (1] (N T
O v= —
i \j) L/
N + \
: \
57.5 191.5
97.5 231.5 _\
patunm plane Z Gutding groove 8

——

_@. 108 242 L

Third angle projection

R A R AR R R

g
T Max tmun holding area 2
Ry Support area B
C @] B2
NOTE, 3 | p
patum area :
2190
- ?
- . -1- B
+ y
A v
Datum plane X/
88 222
19 Datum area, support area, and holding area of large cassette

Notes:

1. The cassette shall be secured by the recorder and/or player unit on the dotted area.

2. The periphery within 1.0 mm from the edge of guiding grove B and from the edge of the cassette shall be
remaved {rom the support area. The cassette shall be supported by the recorder and/or player unit on the
hatched area.

3. Datum plane Z shall be determined by datum areas A, B, and C.
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Datum plane Y
63, 520.3 197,510
@58 Catun hole(al 37, Gis.2 171, 5103
User-ngteN mlin 5§ 146, 5.3 min §
NOTE 1 min|s 130 .51 ‘min 5
124
Lid tock and release 5 - 54156 Datum hale(d)
NOTE 2 uUser-hote
catum plene X - coding hole NOTE 1
User-hoie 241k
0w =11 Lid lock and reiease
N Py /NOTE 2
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o AN "
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aE ol
5™ I e
wlg
O e
o Guiding groove 8
w
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187.5%1
181, S

Depth: 2.3,

f 25102 \
6 Tia.2
1092 Guiding groove A
Z3 .52 157, S510.2 Depth: 3ia.
116%5 | 250587 T
{366) ~

\ @53 User-hole

NOTE 1

Rmax 0.5 Pmax 4.5 Rmax 0.5

Section AA Section BB _ Section CC

20 Bottom view of large cassette
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Ogtum plane Z

Datun olane Y
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Detent and User olug (2)
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MISInSErT10n Noten/ .
conf lquration

@ ‘G._ < —0otional
E -Delails of A

Third angle projection

21 Top and side view of large cassette

The crgsshatched area is avaifabis for the window/abels.
Side label may ba attached to this recessed area.

Rear label may be attached to this recessed area.

Lid label may be attached to this recessed area.

Top labet may be attached to this recessed area.
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Ree! lock and release

\\\\Reel iock and release

Third angle projection

L NOTE 1
Released position

10 to 20

Datun plane Z

22 Large cassette reel lock and release

Note: The reel lack shall release when the lid is opened 15 mm + 5 mm abaovae the datum plane Z.
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Datum plane X

a

o~
n

LTI IZ XTI
I £
b TN
LTI Ty Il
r

(AR AN ——yL -

\ w

™
Datum plane Z 7.5 max 12
g 11.5

max R29

max 51
I}
77{111:‘:‘5[1
in 31.5
min 32

I RN

ﬁ\\\gﬁtum ptane Z

23 Lid structure

Note: Lid shall open to a height of at lsast 32 mm.
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Reel lock ang retease

@/
‘\

«g

L)

O

{
\\\\\\Reel {ock and release

(@ &%

| )
Third angle projaction
— NOTE 1

10 to 20

Released position

Datum plane Z

24 Medium cassette reel lock release

Note: The end of the reef lock shall be cutside the reel area (0 - 125 mm), when the lid is opened 20 mm above the
datum plane Z.
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Datum plang X

catun piane Y
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Datum ptane Z 1213
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T e
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Third angle projection

25 Minimum space for loading mechanism
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Annex A Recommendations for transportation
{informative)

A.1 Environment

It is recommended that during transpontation the cassettes are kept within the following conditions:

A.2 Unrecorded cassette

The packaged, unrecorded media cassette should be capable of withstanding the following environment without

damage,

—41 °C to 50 °C (~41 °F to 122 °F};

Temperature:

Relative humidity: : 20% — 80%, non-condensing;
Maximum wet bulb temperature: 26 °C (79 °F);

Duration: 10 consecutive days.

There shall be no condensation in or on the cassettes.

NOTE - Intercharge parties should exercise caution when storing cassettes at temperatures above
50 °C. Individual cassette history may result in less than satisfactory interchange after storing at temperatures

between 50 °C and 66 °C. Storage temperatures should never exceed 66 °C.

A.3 Recarded cassette

The packaged, recordad, tape cassette should be capable of withstanding the following environment without damage:

41 °C o 45 °C (41 °F to 113 *F);

Temperature:

Relative humidity: 20% — 80%, non-condensing;
Maximum wet bulb temperaturs: 26 °C (79 °F};

Duration: 10 consecutive days.

There shall be no condensation in or ¢n the cassettes.

A.4 Impact loads and vibration

Compliance with the following recommendations should minimize damage to tape cassettes duning transportation:
- avoid mechanical loads that would distort the cassette shape;

avoid dropping the cassetfte mora than 1 m (3% in};

- cassettes should be fitted into a rigid box containing adequate shock-absorbent maternial;

- the shipping box must have a clean intarior and a construction that provides sealing to prevent the ingress of
dirt and water;
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the aerientation of the cassettes inside the shipping box should be such that the tape-reel axes are hodzontal,

- the shipping box should be cleary marked fo indicate its correct orientation.

A.5 Extremes of temperature and humidity

Extreme changes in temperature and humidity should be avoided whenever passible. Whenever a cassatte is received
after transportation, it should be conditioned in the operating environment (see 4.2) for a period of at least 24 hours. If
the user of the cassette knows or suspects that the cassette has been exposed to mechanical sheck simultanecusly with
a drop in temperature exceeding 18 °C (65 °F) tape pack shift may have occurred. in this case, it is recommended that _
the cassette be conditioned in the operating environment and then be rewound ane complete cycle on the tape transport

before it is used for data interchange.

A.6 Effects of stray magnetic fields

A nominal spacing of not less than 80 mm (3.15 in} should exist between a recorded cassetts and the outer surface of
the shipping box to minimize the nisk of corruption of the recorded data.
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Annex B Secondary reference tape user procedure
(Informative)

B.1 Stabilization of the test system

Switch on the test system and allow a minimum of 1 hour for the temperature of the components to stabilize so that the
amplifier gains will remain stable during the foliowing operations.

The test system shall remain switched on until all operations have been completed.

B.2 Procedure for the calibration of the test system

To minimize the use of the secondary standard reference taps, and the risk of damage to it, test the system for correct
operation using a tape other than the secondary standard reference tape.

The secondary standard reference tapa should never be bulk erased and never ba wound at high speed.

Make a complete forward read-while-write pass with the secondary standard reference tape at the physical recording
density of 2252 ftpmm {57 200 fipi) and pict the saturation curve of average peak-to-peak signal amplitude versus write

current,

Writing shall commence 31 m {100 ft} alter the BOT for the secondary standard reference tape.
Partial passes shall never be made with a secondary standard reference tape.
Rewind the secondary standard reference tape at the normal forward record/playback speed.

Determine from the saturation curve the maximum average signal amplitude and the minimum write current [, to produce
the maximum average signal amplitude.

I, is the current required to produce on the test system the typical fisld for the particular secondary standard reference
tape.

Multiply I, by the current calibration tactor, C,, provided with the secondary standard reference tape, to obtain 1. |, is the
write current required to produce on the test systems the reference field.

(C, is the ratip of the write current raquired of the master system to produce the reference field to the write current
required on the master system to produce the particular secondary standard tape's typical field.)

Determine the average peak-to-peak signai amplitude A, produced by the secondary standard reference tape at the
write current |

Multiply A, by the amplitude calibration factor C,, provided with the secondary standard reference tape, o obtain A, A, is
the standard reference amplitude on the test system. (C, is the ratio of the standard reference amplitude to the average
signai amplitude of the particular secondary standard reterence tape at the standard reference current on the master
systam.)

A, is the standard reference amplituda on the test system,
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Determine the resoiution R, of the secondary standard reference tape at the write current 1,

Muttiply R, by the resolution calibration factor G, provided with the secondary standard reference taps, to obtain R,. R,
is the standard reference resolution on the test system. (C, is the ratic of the standard reterence resolution to the
resclutian of the particular secondary standard reference tape at the standard reference current on the master system.)

The test system may now be calibrated for unrecorded tape evaluation/calibration, ease of erasure, average signal
amplitude, resolution, typical field and signal dropout.

B.3 Procedure for calibrating a tertiary tape

The tertiary tape shall be bulk erased prior to use.

Load the tertiary tape and make one forward and one reverse pass at the normal forward racord/playback tape speed to
re-tension the tape

NOTE - Some types of tape give a significant rise in the output signal amplitude with usage. lf such a type of tape is
to be used as a tertiary tape, additional forward and reverse passes shall be made until the rise in signal amplitude is

less than 0.05%.

Make a complete forward read-while-write pass, ignering at least the first 12.5 m {50 1) of tape where there could be .
significant change in output with distance along the tape, and ptot the saturation curve.

Rewind the tertiary tape at normal {orward record/playback speed.

Determine the maximum average signal amplitude.

Determine from the saturation curve the maximum average signal ampiitude and the minimum write current !, to produce
the maximum average signal ampiitude.

The current calibration factar for the tertiary tape reiative to the master standard reference tape shaill be calculated from
the ratio:

C. =1/,
Determine avarage peak-to-peak signal amplitude A at the wnte current |,
Thp amplitude calibration factor for the tertiary tape relative to the master standard tape shall be calculated from the
ratio:
C.=A/A,
Determine the resolution R, at the writa current i,

The resclution calibrations factor for the tertiary tape relative to the master standard reference tape shall be calculated
from the ratio:

C.=RJR,

NOTE - It may be desirable to re-run the secondary standard reference tape at the conclusion of the above
operations to verify the stability of the test system. However, the secondary standard reference tape shail not be run

more than necessary, since its output signal ampiitude may rise with usage.
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ANNEX A

PART 2 LOGICAL RECONNAISSANCE DATA FORMAT

LOGICAL FORMAT IS DEFINED IN STANAG 7023
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ANNEX B

PART 1 PHYSICAL FORMATS

"DIGITAL AND ANALOGUE Smm CASSETTE TAPE RECORDER STANDARD”

ANALOGUE 8mm

SECTION 2430

IMAGERY RECORDING FORMAT

SECTION 201

DIGITAL 8mm DATA RECORDING FORMAT
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1 SCOoPE

This standard establishes the format of the data as recorded on the tapg, the
principal propexties of the tape, and the dimensions and physical properties of

the cassettes.

1.1 Puzrpose.

The purpose of this standard is to ensure the ability to exchange imagery data
within the appropriate community ©f users to Standardise the cassettes and the
format of the data for 8mm magnetic tape and to ensure that a recording made on
cone machine can be-replayed on any other machine that conforms to this standard.
This standard is intended to reflect the commercial/consumer high-band 8mm wideo

recording standard.

1.2 Applicability.

This standard is a specification reguirement for the purchase of magnetic tape
recorder/reproducer which record and/or reproduce digital data or analogue.
imagery data via a yotary helical scan on 8mm tape cassette which conform to the

IEC 8mm video standard.

2.0 REFERENCED DOCUMENTS

2.1 Government documents.

2.1.1 Standards.
The issues of the following documents currently in effect form a part of this
standard to the extent specified herein.

MIL-STD-2179 (AS) Helical Digital Recording Format for 1%mm
Magnetic Tape Cassette Recorder/Reproducer

NATO STANAG 4283 High Density Digital Recording (HDDR}
Standards ANNEX C

AC/141(PG/32}WP/26

2.2 Other publications.
The following documents form a part of this standard to the extent specified
herein.

INTERNATICONAL ELECTRCTECHNICAL COMMISSION (IEC}
IEC Bmm Video Standard - 843-3
IRIG~-RANGE INSTRUMENTATION GRCUP (IRIG}

106-86 Telemetry Standards{revised September 1989)AD-A168818
200-89 Time Code Formats AD-A-206580

(Appl%cation for copies should be addressed to Secretariat, Range Commanders
Counicil, ATTN: STEWS-SA-R, U.S. Army, White Sands Missile Range, New Mexico,

88002.)
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2.3 Order of precedence.
In the event of a conflict between the text of this standard and the text of
the text of this standard shall take precedence.

references cited herein,

3.0 DEFINITIONS

3.1 8/9 enceding.

A method of encoding whereby an 8-bit data word is | converted to a 9 bit code
word in accordance with a conversion table.

3.2 Basic dimensions.
A fundamental dimension to which no tolerance is applied.

3.3 Byte.
A byte consists of eight binary digits.

3.4 Biphase coding.

Biphase Manchester 2 where a "0Q" is a positive going transition at the renter
of the bit cell and a "1" is a negative going transition at the renter of the
bit cell. The transitions at the edge of the bit cell are inserted as necessary

to make the code orthogonal.

3.5 Channel coding.
The process by which binary information obtained from the digital leogic
circuits is converted to a waveform suitable for recording on magnetic tape.

3.6 Codeword.
An 8/9 codeword censists of 9 binary digits.

3.7 Codeword Digital Sum (CDS).

The digital sum variation from the beginning to the end of a codeword. CDS is
calculated assuming that the codeword polarity begins with a negative level and
that the binary levels are +1 and ~1 and the transitions are centred in the bit

cell.

3.8 Derived dimension.
A derived dimension 1is obtained from - other fundamental dimensions by
computaticon and is given for information purposes only.

3.9 Digital Sum Variation (DSV)

- The running integral of the charge of the binary bit stream which will
result in the coded NRZI{l) recording waveform. DSV is calculated assuming the
binary levels are +1 and -1.

3.10 Error Correction.

The use ¢f mathematically related check data, recorded with the digital data,
to derive the precise location and enable the correction of errors in the

digital data.

NATOC UNCLASSIFIED
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3.12 Galois field.
A galois field is a finite set of elements denoted by GF (2Q) which cogs?sts
of 20 elements. This is a finite £field where the operations of addition,

subtraction, multiplication and division are closed.

3.12 Helical digital recorder.
A recorder/reproducer based on a video recorder using an Smm type P-6 or E-€
cassette to receord and/or reproduce digital data.

3.13 Identification pattern.
Specific bit patterns used to identify sectors and array rows.

3.14 Inner code block.
An inner c¢ode block (horizontal row) consists of 153 bytes of digital data
followed by eight bytes of inner code check data for each row of each ECC array.

3.15 Interleaving.

The systematic reordering of data so that originally adjacent bytes are
separated, thus reducing the effect of burst errors on the error correcting

capabilicy.

3.18 Longitudinal track modulation methecd.

The modulation method for recording digital data on the longitudinal track
shall be Manchester encoding. This method results in a transition occurring at
the beginning of every bit period. "Cne” 1is represented by a second transition
ocne-half a period from the start of a bit. "Zero" is represented when there is

ne transition within the birt.

3.17 Non-Return to Zero Inverse. Version 1. NRZI(1}.
A coding method where *1" is denoted by a waveform transition in the centre of
2 bit cell and a "0" 1s denoted by no change.

3.18 OQuter code block.
An outer code block (vertical) consists of 117 bytes of digital data followed
by ten bytes of ocuter code check data.

3.1% Physical beginning of tape (PBOT).
The transition from the tape leader to the opague area of the splice where
the translucent leader tape is joined to the magnetic tape.

3.20 Physical end of tape (PEQOT).
The transition from the opagque area of the splice where the translucent
trailer tape is joined to the magnetic tape.

3.21 Preamble.

A preamble is a sequential bit - pattern recorded at the beginning of each
helical track. A preamble consistcs of a run-up sequence, a Sync pattern , an
identification pattern, and a secondary run-up sequence.

NATGC UNCLASSIFIED
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3.22 Postamble.
A postamble consists of a sync pattern followed by an identification pattern.

3.23 Randomisation.
The reduction of correlation 1in a serial
statistically approximates to a random sequence.

bit sequence so that it

3.24 Reference dimension.

A dimension usually without tolerance,
defined dimension from which other dimensions are

used for information purposes as a
measured.

3.325 Run—gé seguence.
A run-up sequence consists of a sequential bit pattern chosen to facilitate

the synchronisation of data extraction circuits

3.26 Scrambling.

An alternative term for randomisation.

3.27 Track identification pattern.
The sector preamble and postamble identification pattern consistcs of four
consecutive 9 bit symbols which provide unique labelling of each track recorded

on tape.

3.28 3$Sync pattern,

A sync pattern consists of consecutive 9-bit words whose bit pattern is chosen
to be unique, compared to data.

3.29 Track positioning signal.
A data sequence or tone recorded on the helical track which is used for
alignment of the rotary heads with recorded helical tracks.

31.30 Waveform polarity.’
The state of the codeword waveform at any specific time as denoted by
the waveform is low and "+" when the waveform is high.

"-" when

3.31 Waveform polarity inversion.

The polarity at the end of the codeword waveform that is opposite the polarity
at the beginning of the codeword waveform. A waveform polarity inversion is
caused by an odd number of "1"s in the nine-bit NRZI codewcxd.

4.0 GENERAL REQUIREMENTS

4.1 General.
This section covers the general requirements for digital data recordings made

on 8mm magnetic tape cassettes.
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4.2 Cassettes.
Recorder/reproducers that conform to this standard shall be capable of using

8mm cassettes thar conform to the physical dimensions of the cassettes specified

in Section 5. The cassettes are based on and are compatible with cassettes

defined in the commercial 8mm video standard.

4.3 Magnetic tape.
The magnetic tape used on machines conforming to this standard shall meet the
Me tape or their equivalents as required by IEC 8mm Video

requirements of Mp,
Standard 843 ('87).

4.3.1 Tape reference edge.
The reference edge of the tape for dimensions specified in this standard shall

be the lower edge as shown in Specific Recording Formats.

4.4 Performance.
Recorder/reproducer shall record or reproduce analogue imagery or a serial
digital bit stream in accordance with the format required herein.

5.0 DETAILED REQUIREMENTS

5.1 Tape mechanical, physical and dimensional requirements,
herein for reference. These
standard commercially

Tape characteristics are provided
characrteristics are meant to be representative of

available 8mm tape.

5.1.1 Material

The recordable area of the tape shall consist of a base material (oriented
polyethylene terephthalate £ilm or its ecuivalent) coated on one side with a
strong yet flexible layer of ferromagnetic material dispersed in a suitable
binder. The back surface of the rtape shall be coated.

5.1.2 Discontinuities.
There shall be no discontinuities in the tape between the physical BOT and the
physical EOT. such as those produced by tape splicing or perforations.

5.1.3 Width.

The width of the tape shall be 8.000 mm % 0.01C mm {0.315 in + 0.0004 in).
The width shall be measured across the tape from edge to edge.

5.1.4 Total thickness.

The total thickness of the tape at any point shall be between either 12.0
micrometers to 14.0 micrometers (472.5 microinches and 551.2 microinches) or
10.40 micrometers to 11.4 micrometers (409.5 microinches and 448.8 microinches).

5.1.5 Length.
The minimum tape length between physical BOT and physical EOT shall be 14.72 m
(48.24 ft). The maximum tape length shall be 107.5m (332.69 ft.).
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5.1.6 Longitudinal curvature.
The departure of the tape edge from a straight line along the longitudinal
dimension of the tape in the plane of the tape surface.

5.1.6 Reguirement.
The radius of ecurvature of the edge ¢f the tape shall be as specified in IEC

8rm Standard.

§.1.7 Out-0f-Plane distortions.
Qut-of-plane distortions are local deformations that cause portiens of the

tape te deviate from the plane of the surface of the tape. Qut-of-plane
distortions are most readily observed when the tape is lying on a flat surface
under no tension. All visual evidence of out-of~plane distortion shall be

removed when the tape is subjected te a uniform tension as specified in IEC 8mm
Standard.

5.1.8 BRBezel spring.

The reels shall be held in position in the cassette by a reel spring with a
force of 0.4 to 0.8 N {(see Figure 1 and 2).

5.1.9 2Automatic stop.
When the leader or trailer tape passes behind the light window (see Figure 3
and 4), the recorder and/er player shall stop automatically (for light path,

refer to Figure 5).

5.1.10 Dimensions of leader and trailer tape.

The length of the leader and trailer tape shall be 80 + 1Omm. (Figure 4) The
width of the leader and trailer tape shall be 8 + 0.02 mm. The thickness of the
leader and trailer tape shall be sufficient to allow the tape to withstand a

tension of 10 N.

5.1.11 Transparency of the leader and trailer tape.

Transparency of the leader and trailer tape shall be 60 percent or more.
measured in the same way as the transparency of magnetic tape. :

$S.1.12 Tape magnetic recording performance.
.The magnetic recording performance is defined by the testing requirements
given in the following paragraphs.

When performing the tests, the output of the resultant signal shall be measured
on the same relative pass for both the reference tape and the tape under test
(read while write, or on equipment without read while write capability, on the
first forward read pass) on the same equipment.

5.1.13 Test conditions.
The following conditions shall apply to all magnetic recording testing
requirements unless otherwise noted:

o Tape condition pre-record condition
o Tape/head speed 3.759 m/sec
{147.99 in Set) *
0.20%
NATC UNCLASSIFIED
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25 micrometers

+ 2 micrometers
(984 microinches

+ 39 microinches)

o Track width

o Gap azimuth -10° L 0.133%

0.30 micreometers

+ 0.05 micrometers
{12 microinches

+ 2.0 microinches)

o Gap lesngth

o Tape tension 0.1170 N X 0.0098 N
{(0.423 ozf £ 0.035 ozf)

o Recording current test recording current.

5.1.14 Dropouts.

A dropout is a loss of read signal amplitude. A dropout exists when the peal
to peak amplitude is 25% or less of half the average signal amplitude. When a
dropout is detecred, a second dropout should not be counted until 28 consecutive
dropout free flux transitions are read. If a dropout persists for a distance of

0.038 mm (0.0015 in}, another dropout is counted.

The average dropout rate shall be less than one dropout for each 5 x
10% flux changes recorded at a linear density of 2126 ftpmm (54,000 ftpi). The
average dropout rate is the total number of flux transitions recorded on tape
divided by the number of dropouts counted. ‘

5.1.15%5 Signal amplitude.

The average signal amplitude, exclusive of dropouts, at the physical
recording density of 2126 ftpmm (54,000 ftpi) averaged for greater than 3000
flux transitions shall be between 70 percent and 130 percent of the standard

reference amplitude.

5.1.17 Narrow-band signal-to-noise.

The narrow band signal-to-noise t ratioc 1is the average read signal powe:
divided by the average integrated {side-band) rms noise power, and is expressed
in 48. ’

5.1.17.1 Reguirement.
The NB-SNR shall be equal to greater than 34 dB when normalised to a track

width of 25 micrometers {$84 microinches). The normalisation factor is dB(25) =
dB(W] + 10 log 25/W, where W is the track width used when measuring dB(W).

5.1.18 Cupping.

Cupping is the departure across the width of tape (in the thickness direction)
from a flat surface.

5.1.18.1 Requirement.

The departure across the width of tape frem a flat surface shall be as
specified in IEC 8mm Standard.

NATO UNCLASSIFIED
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5.2 Frictional characteristics of tape.
Is incorporated as a reference.

5.2.1 Coating adhesion requirement.
The force required to peel any part of the coating from the tape base material

shall not be less than 0.96 N (0.22 1lbf).

£.2.2 Tensile strength.
The measurements shall be in accordance with ISO Recommendation R 527.

length of the test sample shall be 200 mm (7.87 in) .
The rate of elongation for all tensile tests shall be 100 mm/min (3.937 in/min)

(IS0 Recommendation R 527, rate D}.

The

5.2.3 Breaking strength.
The sample shall be loaded until the breaking point of the sample is reached.
The force at that point is defined as the breaking strength of the tape.

5.2.3.1 Reguirement.

The breaking strength shall be greater than ox equal to 17.6 N (3.9 1bf).

5.2.4 Yield strength.
The yield srrength is defined as the force necessary to produce 5% elongation

of the tape.

$.2.4 Reguirement.
The yield strength shall be greater than 4.2 N {1.1 1lbf}.

5.2.5 Residual elongation.

Measure the initial length of a test sample of approximately 1 m (3% in} with
a maximum applied force of 0.20N (0.045 1lbf). Apply an additional force per
total cross-sectional area of 20.5 N/mm? (2973 1bf/in* } for a period of 10
minutes. Remove the additional force and re-measure the length after 10

minutes.

5.2.5%5. Requirement.
The residial elongation shall be less than 0.03%.

5.2.8 Electrical resistance of the surface.
Electrical resistance is the resistance of the surface, measured in ohms.

5.2.7 Electrical resistance of ccated surfaces.
The electrical resistance of any square area of the recording surface shall be
within the range of:

10% chms to 5 x 10%? ohms

The electrical resistance of the back-coating shall be less than 9 x 10®% ohms.
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5.2.8 Inhibitor tape.

An inhibitor tape is any tape that degrades the performance of the tape drive
or other tapes. Certain tape characteristics can
contribute to poor tape drive performance. Tapes that exhibit these
characteristics may not give satisfactory performance, can result in excessive
errors and can interfere with the subsequent performance of other tapes.

5.2.8.1 Inhibitor characteristics.
These characteristics include:

- High abrasively

- High frictien to tape path components

~ Poor edge conditions

~ Excessive tape wear residual products

- Electrostatic charge build-up on the tape or tape path components
- Interlayer slippage

- Transfer of recording surface coating to the

back of the next tape layer
~ Separation of tape constituents causing deposits that may lead to

tape sticking or peoor performance of other tapes

These parameters are important for interchange; however, definitive tests are

not available at this time.

5.2.8.2 Requirement.
The tape shall not be an inhibitor tape.

5.2.9 Transparency.

The transparency of the magnetic tape shall be less than or equal to 5% and
the transparency of the leader and trailer tapes shall be greater than or equal
to €60% when measured with a& 800 - 900 nm wavelength light. '

5.3 Casgsette (Cartridge) Mechanical. Physical and Dimensional Requirements.

This is only incorporated as a reference.

5.3.1 HDS tape cartridge assembly.
The HDPS Tape Cartridge Assembly shall be comprised of two parxts:

1. A case to preovide protection £from contaminants and handling, and to
facilitate loading/unloading of the cartridge by a drive, and

2'. A magnetic tape of 8.00 mm {(0.315 in.) nominal width held inside the case on
twin hub, ceoplanar type reels.

In addition, the cartridge shall ceontain file-protect, 1id and other features to

facilitate i;s use for information interchange. The cartridge is a compact
coplapar design with the tape and hubs completely enclosed by the case. All
cartridge tolerances and dimensions are found in the Figures. The general

configuration of the cartridge shall be as shown in Figure 6 and Figure 7.

5.3.2 Dimensions of the cassette.

‘ The dimensions necessary to permit interchangeability of cartridges shall be
1n accordance with Figures 6 and 7 of this standard.

NATOC UNCLASSIFIED
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5.3.3 cartridge insertion:

The cartridge is intended to be mounted in read/write machines in only one
position. The cartridge shall have asymmetrical features: a channelt recess,
and incline as shown in Figures & and 7, that can be used to prevent inserting

the cartridge improperly.

5.3.4 Datum planes Z. X and Y.

Datum plane Z shall be decided by datum areas A, B, and C, indicated in Figure
8 by hatching. Datum plane X shall be orthogonal to datum plane 2Z and shall run
through the centre of datum hole A and datum hele B as shown in Figure 9 Datum
plane Y shall be orthogonal to both datum plane X and datum plane Z and shall
run through the centre of datum hole A as shown in Figure 9.

5.3.5 Tape winding. ‘
The

The magnetic coating on the tape shall face out of the cartridge.
direction of tape travel is from left to right, i.e. from supply reel to the

take-up reel.

5.3.6 cCartridge support areas.
Case support areas are illustrated in Figure 8. Support areas A, B. C and D
shall be coplanar with datum areas A, B. and C respectively within * 0.1 mm
{0.0039 in}. Support area D shall be coplanar with datum plane Z within = 9.15
mm (0.0059 in). Support area 0.5 mm {0.0197 in) from the edge of the cartridge

shall be removed.

5.3.7 Case dimensions.
The footprint dimensiens of the case shall be as shown in Figures 5,

6, and 7.

5.3.8 Cartridge 1lid.

The cartridge shall contain a lid for protection of the tape during handling,
Dimensional requirements for opening the lid are shown
Lid lock and release reguirements are shown in

storage and transport.
in Figures 10 through 12.
Figures 16 and 17.

The main lid rotates arcund Pivot A. The auxiliary section slides along the cam
and around Pivot B so that neither section extends above a plan maximum 22.3 mm
from and parallel to datum plane Z with the 1lid open {See Figure 12).

Pivot B of the auxiliary section shall be positioned in the sockets inside the
main section 10.1 mm from Pivet A of the main section in the X plan direction
and 7.0 mm from dacum plane Z (see Figure 12). The socket of the main section
may be positicned anywhere in the Y direction and anywhere outside plane D in

Figure 12, when the lid is closed.

5.3.9 Opening/unlecking force.
The force needed to unlock the reel lock, when applied in the direction shown

in Figures 14 and 15, shall not exceed 1 N ({(0.225 1bf). The force needed to
unlock the lid lock, when applied in the direction shown in Figure 16, shall not
exceed 0.25 N (0.0562 1bf). The force needed to open the lid, when applied in

the direction as shown in Figure 17, shall not exceed 1 N (0.225 1bf).

5.3.10¢ Accidental erasure protection.
The cartridge shall be provided with a mechanism which allows the user to open

and close the accidental erasure protection hole as desired. When the
accidental erasure protection hole is open, the recorder/reproducer shall
NATO UNCLASSIFIED
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inhibit recording on the cassette. When the accidental erasure hole is closed,
it will be possible to ‘record on the cassette. The mechanism shall be

constructed so that it can withstand a force of 0.5 N (0.1121 1bf). The

. accidental erasure protection hole on the upper shell may be either closed or

open at the manufacturer’s option.

5.3.11 Physical labels.
The back face of the cartridge,

opposite the lid, and a portion of the top of

the cartridge may be used for labels. The rear surface area provides for
readability of the label when it is in a stacked or inserted position. Pesitiocn
and size of the label shall be within the provided depression of the label area

as shown in Figure 6.

5.3.12 PDrop test.

The cartridge shall be able to withstand the shock incurred from falling 1 m
(39 in} onto a concrete £floor. For purpese of verifying compliance, the
cartridge shall meet the reguirements of this standard after being dropped once

on a corner and once on a face.

5.3.13 Window.

Partt of the reels shall be visible somewhere within the cross-hatched area
shown in Figure 6. The window through which a part of the reels can be seen
shall not extend beyond the height of the cassette.

5.3.14 Leader and trajler attachment.
The attachment of the leader and trailer tape to the hub shall be capable of
withstanding a force of SN withdrawal force.

$.3.15 Changer grips.
The cartridge shall contain changer grips as shown in Figure &

5.3.16 Recognition holes.
The cartridge shall be provided with five recognition heles on the lower shell

as shown in Figure 2. Recognition hole 1 shall be used for distinguishing
between tape types A and B. The closed hole shall signify Type A. The ope:.
hole shall signify Type B. Recognition holes 2 and 3 shall be used for
distinguishing tape thickness. Hole 2 shall be closed for tape 13 micrometers
thick (512 micreoinches) and open for tape 10 micrometers (394 microinches)
thick. The use of hole 3 has not been determined in detail. Use of recognition
heles 4 and 5 is under consideration. These holes will remain closed until
their use is decided. Recognition holes 1 to 5 on the upper shell may be either
open or closed at the manufacturer’s option. A closed recognition hole will

withstand a force of 0.5 N.

5.3.17 cCartridge nanme.

The type name shall be used uniformly to identify
8 mm video cartridge:

Type of magnetic tape

Television System Type A Type B
525 line - 60 field PG-T EG-T
€25 line - S0 field P5-T E5-T

NATO UNCLASSIFIED
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T: Plavable time in minutes

5.4 Bmm Analogue Data Recording Format.
This format is described in Recording Format 500.

5.5 8mm Digital Data Recording Format.
This format is described in Recording Format 501.

6.0 NOTES

Intended use. This standard is intended to insure the capability to exchange
data between members of the various user communities. Data recorded by one
recorder shall be capable of being reproduced on any other recorder/reproducer
that conforms to this standard. The standard allows the designer of tape
transport mechanism to use one of several different combinations of tape scanner
diameters and data head arrangements to achieve standard format recording. The
designer may make different design choices for different applications provided

the format is identical.

Subject term (key word) listing.

Cassettes, magnetic tape Recording, helical
Magnetic tape Recording, magnetic tape

Recording, digital data Recording, rotary
Recording, video imagery

NATO UNCLASSIFIED
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NOTES
1 - Some part of this window must be in the cross-hatched area. The window

shall not extend beyond the height of the cassette.

2 - The cassette shall be supported by the recorder and/or player unit in the
hatched area.

3 - Indication of accidental erasure protection may be placed in this area at
the manufactureer’'s discretion.

4 - Rear label may be attached in this opticnal recessed area.
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the release pin is located at 41.75mm from datum plane X.

2 - The end of the reel lock shall remain outside the reel area 46.3mm in
diameter, when the release pin is located at 41.74mm from datum plane X.

FIGURE 14 - Reel lock and release.
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FIGURE 15 - Force needed to unlock the reel lock.

FIGURE 16 - Force needed t¢ unlock the 1id lock.

FIGURE 17 - Force needed to open the lid.
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ANALOGUE 8mm IMAGERY RECORDING FORMAT
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200.0 8mm Analogue Imagery Recording format.
200.1 H band 8mm format.

200.1.1 Intreduction.

This standard provides the high band specifications of the High-band 8mm video
gystem vusing 8mm magnetic tapes which is stated in the International
Electrotechnical Commission (IEC) Publication 843 ('87). This standard has been
specified as an optional standard for the High~band 8mm video system in order to
meet the demands to the high quality video pictures. This standard is
applicable for both the 525 line - 60 field and 625 line - 58 field television

signals.,

200.1.2 Object.
The object of this standard is to define electrical and mechanical

characteristics of equipment and tapes which will provide far the
interchangeability of recorded cassettes. All specifications except for thoese
described in Table I and Figure 1 of this standard are in accordance with the

specifications of the Bmm IEC video system.

View Looking into Recorded Side of Tape
AL TRACK FCR CONTRCL

X . VIDBO TO ALCOLIAXY TRACK QUAXD

CONTROL HEAD e
_ i ‘}gg'“’ A «— TAPE MOTION 10" cirl
2 ‘

E “AUDID HEAD t\\RETERENCEEDGBCFTIEB ALLX. TRACT. FCOR. AUTEO

- : S - Qgh
| w ; 10" k2
I S~
s G
["J_ PCM AUDIO « TPS o/ <
J’ y ; :E;xuamxnoaunuurrmwxcmup
T

Nota 1. X smhall be msasured fram tha and of the 180" scan
of CH-2 to the audic and cus head on the taps.

- Note 2. TPS : Tracking pilot signal

FIGURE 1 Record Location

200.1.3 Auxiliary tracks.
Two auxiliary tracks may be provided, as shown in Figure 1, when required by the

detailed technical specification.

200.1.3.1 Auxiliary head gap azimuth.
The azimuth angle of the head gaps used to produce Auxiliary track records shall
be perpendicular to the track record, plus or minus S minutes of arc.
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200.1.3.2 Auxiliary head loccation.
one of the two auxiliary tracks on tape shall always
second auxiliary track may be used to record audioc,

data.

be used as centrol. The
annotatlion or time code

200.1.3.2 Recording method.

When digital data is recorded on the auxiliary tracks, this data shall be
recorded using the direct, saturate (no bias) recording method and Manchester
coding rules. If voice is used for annotation on one auxiliary track bias shall
be used. If analogue time code is recorded on one auxiliary track, IRIG B time

code shall be recorded with bias.
200.1.3.4 Flux level.

The recorded peak-to-peak flux shall correspond to a magnetic short circuit flux
level of 80 nWb/m for M.P. and 16 nWb/m for tape track width.

200.1.3.5 packing density.
The minimum enceded packing density shall be 5.5 KBPI.

TABLE 1. Record Location and Dimensions

NOTE: All dimensions are in mm.
Where tolerances are not given, the quoted values are nominal.

Item 525 line - 60 | 625 line - 50
field system field system

(A) - Tape width 8.0 + 0.01 §.0 £ 0.01

(P) - Video track pitch 0.0205 0.0344

(L) - Video track centre from reference tape 4.461 4.461

{T) - Video track width 0.205 0.0344

(F) - Auxiliary track reference line 7.4 + 0.05 7.4 + 0.0S

{C) - Auxiliary track for control 0.6 £ 0.05 0.6 + 0.05

{R} - Auxiliary track for audio including 0.6 + 0.05 0.6 £ 0.05

optional tape edge guard (C.1)

(y0) - Video track angle (tape stopped) 4" 53" 06" 4% 537 06"

(v - Video track angle (tape running) 4" 54+ 13.2° 4" 54* 58.8*

(W) - Video effective width (180°) 5.351 5.351

(X) - Position of audio and control head 31 + 0.24 31 + 0.24

2006.1.3.6 Annotation.
The system specification shall define the data format, data pretocel and the
interface reguirements.

200.1.3.7 Servo control.

The servo control record shall be a series of 32 bits recorded on the ceontrol
track, as specified in Figure 2, identical to Recording Digital Format 501 and
shall allow for identification and location of each two scan set and provide for
multiple transport synchronisation.

200.1.3.7.1 Serve sync and ID.

The sync signal shall be four bit periods long and shall be an NRZL sigmal as
defined in Figure 2. The track set ID shall be a 23 bit sequence which will
identify each track set. The Home Track Identification shall be a 4-bit sequence
which will allow systems with other than two heads per scanner, to use track
location data more effectively. The last bit before the next servo sync shall be
an even parity bit calculated over the previous 27 bits. When home track ID is
not reguired for a specific application, 0s shall be recorded for this sequence.
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FIGURE 2 Servo Control Record

200.1.3.7.2 Servo reference signals.

Servo control signal for the transport shall be derived from the servo reference
on the control track. This signal shall be made up of an ANSI sync word, track
set ID, and Home Track Identification. This control track data block shall be
repeated with an updated track set ID for each two scan track sets.

200.1.3.7.3 ANSI sync pattern polarity.

During the first bit period of the ANSI sync pattern, the polarity of the
control track magnetisation shall be such that the south pole of the magnetic
domain peoints in the direction of normal tape travel, The fourth bit period

shall be of opposite polarity.

200.1.3.7. pulse width.

Each bit period of the contrel track cede word shall occupy approximately 7.5
micrometers. Each control track word shall occupy a linear span of tape defined
by two helical data tracks as shown in Figure 1.

200.1.3.7.5 Pulse separation.

The centre zere crossing of the control track syne word shall be coincident with
the end of the postamble scan of CH-2. Control track sync words are separated
by the linear tape span of two helical tracks.

200.1.3.7.6 Relative positions of recorded signals.

The spatial relationship between the centre zero crossing of the syne on the
control track record and helical tracks is specified in Figure 1. The reference
point is defined by & line parallel to the reference edge of the tape, 7.136 mm
basic from the reference edge, intersecting the track centre line at the end of
the video track as shown in Figure 1. The distance between the centre-line of
the control track head and the reference point shall be in accordance with Table

I.

200.1.3.8 Annotation.

If analogue time code is recorded, it shall be IRIG B as specified in IRIG
Standard Time Formats, Bi120 or B1l23, RCC Document 200-89. When required, time
code shall be recorded on the auxiliary annotation track with AC bias.
Otherwise, this track can-be used for voice or

other system data.
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200.2 definition of tapes for high-band mode.

200.2.1 Reference tape.

s MP, ME and their equivalents, as gpecified in IEC B43-3,
shall be used for this High-band 8mm video system. A reference tape has been
defined for measurements of the recording characteristics of the High-band 8mm
rapes. This reference tape is an MP tape numbered RSE-5001 specified in Iec

1105. The reference tape is available from:

High-band 8 mm ftape

Seny corperatiecn, Magnetic Products Group, Major Customer Sales Division &-7-35

Ritashina, Shinagawa-ku, Tokyo 141, Japan.
Tel: 03-3448-3126 Fax: 03-3447-4378
Tlx:SONYCORPJS 22262

200.2.2 Video characteristics of the tape.
211 measurements are to be made in comparison to the reference tape,
reference values are taken as 0 dB.

wherein the

200.2.2.1 RF optimum recording current.
The RF optimum recording current shall be 1dB % 1dB at 7 MH=z

200.2.2.2 RF output level.
The RF ocutput level shall be:
for luminance greater than 3 dB at 7MHz for high-band MP tape
- greater than S dB at 7MHz for high-band ME tape, and
to0
-1

4B at 0.75 MHz for high-band MP tape
dB

for chrominance greater than
at 0.75 MHz for high-band ME tape.

greater than

200.2.2.3 RF freguency response D
The RF frequency response D shall be greater than 0 4B.

Note: The playback output levels of the 7 MHz signal and 10 MHz signal which
are recorded at the RF reference recerding current of the respective frecquencies
shall be measured. The RF frequency response is defined by "D".

D=d - dq

where "d" is the relative value in dB of the playback output level of the 10 MH=z
signal to that of the 7MHz signal for the tape to be tested and "dy" is the same
for the reference tape.

200.2.2.4 Ccarrier-to-noise ratio.

The carrier-to-noise ratio shall be

for luminance greater than 2 dB atc 7 MHz for high~-band MP tape and
greater than 5 dB at 7 MHz for high-band NE tape.

greater than 0 dB at 0.75 MHz both for high-band MP and
ME tapes.

for chrominance

200.2.3 Pre-emphasis and clipping.

The luminance signal shall be pre-emphasised through both sub emphasis and main
emphasis and clipped prior to freguency modulation. Clipping levels are as
shown below. The clipping levels shall be determined independently to the
frequency characteristics of emphasised sigmal. That is, ¢lip is DC clipping.
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290% measured from sync tip

White clipping level
90% measured from symc tip

Dark clipping level

The level from sync tip to peak white is 100%.

200.2.3.1 Main pre-emphasis.
The main pre-emphasis shall be done by using a circuit shown in the Figure 3 or

equivalent.

200.2.3.2 Sub pre-emphasis.
The sub pre-emphasis characteristics are in accordance with the B8mm video

specification.
—
Re Ra % output

Input

O

7 = CxRb = 0,47 microseconds
X w Rb/Ra = 3

FIGURE 3 Main Pre-Emphasis Circuit

200.2.3.3 Vertical pre-emphasis.

The vertical pre-emphasis is optional and shall be done prior to the sub pre-
emphasis and be killed during vertical blanking interval. A typical vertical
pre-emphasis bleock diagram is shown in the Figure 4.

‘Luminance Input + Output
o 3 —0
-
. +
Line-delay ———1-KpH— Limiter |-+
Vertical Blanking Pulwee
Kp
Kp ¢ 035
X = oxs

FIGURE 4 A Typical Vertical Pre-Emphasis Block Diagram

200.2.4 Mcdulation characteristics.
FM carrier frequencies corresponding to reference video levels
follows:

shall be as

Sync tip level 5.7 MHz 1 0.1 MHz
Peak white level 7.7 MHz I 0.5 MHz
Deviation 2.0 MHz I 0.1 MHz

200.2.4.2 Recording current.
?he recording current shall be an optimum value at 7 MHz, which is the centre
frequency of FM carrier range as defined in 500.2.4.
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200.3 Recording of luminance component.
The luminance compcnent of the videc signal shall be recorded in accordance with
Figure 5 and conform to the requirements of IEC publicatian 843-3.

200.4 Chrominance component.
When recorded, the chrominance signal shall be recorded in accordance with

Figure 5 and the requirements of IEC publication 843-3.

200.5 Optional specifications of FM audio signal recording.

The object of these optional specifications is to define an additional audio
carrier so that a stereo or a bilingual mode is possible. All specificatiens
except for those specified below are the same as those specified in the

specifications of Bmm video system.

200.5.1 Carrier frequencies.
The centre frequency of main channel and the sub channel shall be 1.50 £ 0.02

MHz and 1.70 £ 0.02 MMz, respectively.

200.5.2 Reference deviation.
The recording reference deviation for the main channel and the sub channel shall

be + G0KHz and %+ 30KHz respectively, at reference frequency of 400 Hz.

200.5.3 Maximum deviation.
The maximum deviation for the main channel and the sub channel shall not exceed

+ 100KHz and t 50KHz, respectively.

200.5.4 Recording current.

The recording current of the main channel and the sub channel shall be 13.0 +
2. 0dB and 15.0 % 2.0dB, respectively, below the level of chrominance signal
recording current.

200.5.5 position of matrix.
The matrix for producing (L+R}) and (L-R) from (L) and (R) shall be prior to the
noise reducticn which is defined in the original Bmm video system.

200.5.6 FM audio channel.
Two independent channels may be recorded using the FM audio channels.

200.6 tracking pilot Signals.

To make automatic track finding and dymamic track following possible a tracking
pilot signal (TPS) shall be recorded with the FM luminance, down converted
chrominance and FM audie signal by frequency multiplexing. The frecuency of the
TPS and the switching sequence for the video area shall be as shown below.

(for 525 line - 60 field system) {for 625 line - 50 field system)
CH1: with 102544 + 100Hz (f1) with 101024 = 100Hz (fl)
CH2: with 118951 * 100Hz (£2) with 117188 £ 100Hz (£2)
CHl: with 165210 * 100Hz (£3) with 162760 * 10QHz (£3)
CH2: with 148689 + 100Hz (£f4) with 146484 £ 100Hz (f4)
CH1: with 102544 % 100Hz (fl) with 101024 + 100Hz (fl)
ecc.
Note: The frequencies above can be derived from fosc/58 (£fl), £fosc/50 (£2),

fosc/36 (£f3) and fosc/40 (f4) where fosc = 378 fH = 5947552 Hz for the 525 line

- 68 field system and 375 fH = 5858375 Hz for the 625 line - 50 field system,
but a phase relationship between the horizontal line frequency fH and the TP3S
frequency is not necessary. The point at which the tracking pilot signals are

awitched shall be 6 £ 1.5H for the 525 line - 60 field system, and 7 * 1.8H for
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the 625 line ~ 50 Ffield system ahead of the leading edge of the vertical

synchronising pulse.

TRACKING PILOT SIGNALS
DOWN-CONVERTED CHROMINANCE SiGNAL

FREQUENCY DEVIATION
FM AURIO SIGNAL /
FM LUMINANCE SIGNAL 2.0 MHL
.4
LEVEL SYNG TIP
FREQUENSY N\ PEAK WHITE
l_-__|—‘ .~ FREQUENCY
] .
1
' r——_—
]
]
]
’ ( ll N - - - N — 1 L
51 L1 2 3 4 5 i 7 0 * MMz
. 8.7 MHz 7.7 MHz
FREGUENCY
f, = Fi AUDIO CARRIER : 1.5 MHz SYNC TIP FREQUENCY KT MMz

f, * FM AUDID CARRIER : 1.7 MHx PEAK WHITE FREQUENCY 7.7 Mhx
f. = DOWN-CONVERTED CHROMINANCE CARRIER FREQUENCY DEVIATION Z0 Mix

f,- f, « TRACKING PILOT CARRIERS

FIGURE 5 Fregquency S$Spectrum Allocation of Recording Signals

200,77 PCM data recording,
When PCM data is recorded, two channels of audio frequency data or cne digital
1553 data stream may be recorded.

200.7.1 1553 Option.
When recorded, the 1553 data stream shall be recorded within the existing PCM
recording format.

200.7.2 Recording 6 channels of PCM data.

Normally video and one PCM channel is recorded on one helical scan across the
tape width. In multi channel PCM recording the helical scan is divided into six
individual PCM tracks. when recorded, all six PCM channels shall have the same
existing recording format.

200.8 Video tape cassette

200.8.1 Dimensions of the cassette.
The dimensions necessary to permit interchangeability of cassettes shall be in
accordance with Section 5.

200.8.2 Tape winding.
The magnetic c¢oating on the tape shall face out of the cassette. Additional
information in Section 5.

200.8.3 Magnetic tape.

Type of magnetic tape
Television System Tvpe A . Type B
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£25 line - 60 field
625 line - 50 field

T: ©Playable time in minutes

200.8.4 Recognition holes.

Thé normal-band MP tape and t
using hole 1 and 5 as describe
definition of the other holes is i
system.

he high-band MP ané ME tapes are recognised by
4 in the Table II and shown in Figure 6. The
n accordance with the original 8mm video

O O

9 O 0.0

10N HOLE 3 LOID o ™ RECOGNTTION HOLE 3

[~ ArComITTION HOLE 4

ALCINERTAL
PROTECTICN HOLE RECOGNTITION HOLE 2

RECCGNTZION HOLY, 1

FIGURE & ID Holes

Hole 1 Hole 5

Normal MP Closed Closed
High Band MP Closed Open
High Band ME | Open Closed

TABLE II ASSIGNMENT OF ID HOLES
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201.0 8mm Digital Data Recording Format

201.1 Tape Record.

Tape recordings shall consist of digital data recorded in helical-scan format.

The dimensions and location of the helical track records for 8mm helical-scan
digital cassette tape recorder/reproducers shall be as specified herein. An
auxiliary data area is available within each scan for annotation data, time code

and control information.

201.1.1 Record location and dimensions.
Record locations -and dimensions shall be specified in Table I and Figure 1.

Track configuration and dimensioas {view on magnetic scasitive sido)
x POSTAMAL X TO ALDXILIARY TRACT
CONTROL, HEAD, T 0 TRACT. OUARD (1)
T Szg; A “— TAPE MOTION W0 i

Bt \\xqsffi\'

I

-

10" cb2
&

/
'\ggzgmxroﬁguuuurmm:

Note 1. X shall-bn measured from the and of the 180° scan
of CE-2 to the audio and cue head on the tape.

Nots 2. ATE: Antoroatic tack finding

FIGURE 1 Record Location and Dimensions

201.1.2 Bit error rate (BER}.
Error correction codes (ECC) shall be employed. The full use of the ECC and
taped defined in Section 5 will allew the reproduced BER to be less than 1 x 103
. 'The BER reguirement of the detailed technical specification shall apply to
data recorded and reproduced on the same machine and also to data recorded on
one manufacturer’'s recorder and reproduced on another manufacturer’'s reproducer.
BER calculations shall exclude up to 2 burst errors per cassette. Each of these

burst errors shall not be longer than 1 scan length.

201.1.3 Data rate.

The recorder/reproducer shall record and/or reproduce serial data streams of
various data rates. As a minimum, recorder/reproducers shall accommodate any
user data rate specified by the detailed technical specification within the
range of 1 to 40 megabits per second. Speed changes to accommodate various data
rates shall be possible although the data rate will normally remain constant
during a recording mission. It shall be possible to select any data xate and
maintain the specified packing density and format on tape at any speed. This is
the anticipated data rate range for the family of recorders.

NATO UMCLASSIFIED
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201.1.4 Tape speed. .
Any tape speed utilised shall at all times result in a recording at the packing

density and format specified herein.

201.1.5 Signal flow.
Figure 1 is a conceptual flow diagram of the recording process. It ?s provided
for clarity of data encoding and 1is not meant teo imply a specific hardware

implementation.
Array 8/9 Encoder Mux NRZI (1) Head
Generator Conversion {Interface
Row ID Run-up
Genarator Ganarate
a8 »
Serial Racord
NRZIL . Channal
Data Ganerats Codeworz M) NRZ Data Head
=3 Intarleaved Laok-up s 1 L o y— Buffer
1 N/ayne | NRZI (1) ]
Blocka With Tables » i Interface
Innér & Cuter
—>
ECC Symbols h Signal .
' Polu:i.ty} \\
CDS Ganerats I
LOCECR P NN 3ync
TABLESZ [\3 AN Pattarns N
t734
Y v
Calculata Charge
D3V and Fesdback
Dmtesrmine
Waveaform
Folarity

FIGURE 2 Record Process Signal Plow

201.1.5 Input data format.

The input data format shall consist of a serial NRZL bit stream and an in-phase
coherent clock. The clock zero crossing jitter shall not exceed + 5% of the bit
period about the data zero crossing at any input data rate.

201.2 Leongitudinal tracks.
Two longitudinal tracks are defined below and in Figure 2. The control track
shall always be recorded. The annotation track is optional.

201.2.1 Leongitudinal head gap azimuth.
The azimuth angle of the head gaps used to produce longitudinal track records
shall be perpendicular to the track record, plus cor minus 5 minutes of arc.

NATO UNCLASSIFIED
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Longitudinal head location.

The longitudinal head(s) £for the annotation/time code track and the control
track shall be located in a single stack, centred as specified in Figure 1 and
Table I. The control track head shall be located + 31.0 mm measured from the
erd of the helical data scan of CH-2 to the srationary head gap on the tape,
4°54/13.2%). The centreline of the longitudinal head stack and the
shall be perpendicular to the reference edge of the tape,

201.2.2

using (8 =

control track head,

plus or minus 5 minutes of arc.’

TABLE 1. Record Location and Dimensions

All dimensions are in mm.

NOTE: Wnere tolerances are not given, the quoted values are nominal.
Item 525 line-60C 625 line-50
field system | field system
{(a) Tape width 8.0 0.01 B.0 £ 0.01
{P) Helical track pitch 0.0205 0.0344
(T} Helical track width 0.0205 0.0344
(F) Auxiliary track reference line 7.4 + 0.05 7.4 + 0.05
{(C) Auxiliary track for control 0.6 + 0.05 0.6 £ 0.05
(R} Auxiliary track for audio 0.6 £ 0.05 0.6 + 0.05
{Bo} Helical track angle (tape stop) 4° 53 06° 4° 53’ 06~
- {8) Helical track angle (tape runs) 4% 54’ 13.2° 4° 54’ 58.8*
(X} Position of auxiliary and control head 31 + 0.24 31 + 0.24
Azimuth angle of rotary heads 10° (£ 8") 10° (x B')
(B} Total recorder track length 79.3984 75.3984
(Y) Track guard 0.1 0.1
{W) Helical track effective width 6.4455 €&.4455
{zZ) Helical track reference point 0.772 0.772
(E) Longitudinal track pitch 0.239 0.239
201.2.3 Recording method.

Control track data and digital annotation data is recorded on the longitudinal
tracks. The direct, saturate (no bias) recording method and Manchester coding
rules shall be used. The annotation track may be recorded digitally, with
voice, with time code or left unrecorded. If voice is used for annotation on
one longitudinal track bias shall be used. If analogue time code is recorded on
one longicudinal track, IRIG B time code shall be recorded with bias.

201.2.4 'Flux level.
The recorded peak-to-peak flux shall correspond to a magnetic short circuit £lux
level of 80 nWb/m of track width for MP tape and 16 nWb/m track widcth for ME

tape.

201.2.5 Longitudinal track packing density.
Hardware built ro this standard shall be capable of racording and reproducing an
encoded packing density for annctation or control track recording of 5.5 KBPI.

201.2.6 Annotation.

The system specification shall define the data 1
format, data protocol and the interface requirements for any annotation data

to be recorded on the longitudinal track.

UNCLASSIFIED
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201.2.7 Servo control.
The servo control record shall be a series of | 32 bits recorded on the
control track, as specified in Figure 3, and shall allow for identification and
location of each twe scan sets and provide for multiple transport

synchronisation.

| £47T }
}—Tinusmfmumcaldgl Time Referance :a;--;
A rLnr JULML AL,
F?fi?ﬁolollD STalslefolols|s]e]2]]a]o]
Lewe J1 ome P oane [ s |

TRACK SET ID "EOME TAACK XD §  ANSI STNC wOXRD

T
AMEI ATNC WORD
PARITY 1 BIT

¥OTEE: 1. T is 1/64 the period of 2 belical tracks
2. Rise/Yall time is < léng

FIGURE 3 Serveo Control Record

201.2.7.1 Serve sync and ID.

The sync signal shall he four bit perieds long and shall be an NRZL signal as
defined in Figure 3. The track set ID shall be a 23 bit sequence which will
identify each track set. The Home Track Identification shall be a 4-bit
sequence which will allow systems with other than two heads per scanner, to use
track location data more effectively. The last bit before the next servo sync
shall be an even parity bit calculated over the previous 27 bits. When home
track ID is not required for a specific applicaticon, 0s shall be recorded for

this segquence.

201.2.7.2 Serve reference signals.

Servo contrel signal for the reproduce transport shall be derived from the servo
reference on the contrel track. This signal shall be made up of an ANSI sync
word, track set ID, and Home Track Identification. This contrel track data
block shall be repeated with an updated track set ID for each two scan track

sets.

201.2.7.3 ANSI sync pattern polarity.

During the first bit period of the ANSI sync pattern, the polarity of the
contrel track magnetisation shall be such that the south pole of the magnetic
domain points in the direction of normal tape travel. The fourth bit period

shall be of opposite polarity.

201.2.7.4 Pulse width.
Each bit period of the control track code word shall occupy approximately 7.5
micrometers. Each contrel track word shall occupy a linear span of tape defined

by two helical data tracks as shown in Figure 1.

201.2.7.5 pulse separation.
The centre zero crossing of the contrel track sync word shall be ceoincident with
the end of the postamble scan of CH-2. Control track sync words are separated

by the linear tape span of two helical tracks.

201.2.7.6 Relative positions of recorded signals.
The spatial relationship between the centre zero crossing of the sync on the
contrel track record and helical tracks is specified in Figure 1. The reference
point is defined by a line parallel to the reference edge of the tape, 0.772 mm
NATO UNCLASSIFIED ’
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basic from the reference edge, intersecting the track centre linme at the end of
the preamble as shown in Figure 1. The distance between the centre-line of the
control track head and the reference point shall be in accordance with Table 1.

201.2.8 Annotation track.

If analogue time code is recorded, it shall be IRIG B. specified in IRIG
Standard Time Formats, B120 or B123, RCC Document 200-70. When required, time
code shall be recorded on the longitudinal annotation track with AC bias.

Otherwise, this track can be used for voice or other system data.

201.3 Helical record: ‘
The helical track which is defined physically in Figure 1, is recorded with
continuous data. This segment of digital data, as defined by Figure 4, shall be
recorded on one track, as a continuous serial bit stream and shall contain a
complete sequence of the data. The next track written shall centain the next
contiguous sequence of a segment of the data, i.e., there shall be no intertrack
shuffling of the data. Data is arranged in one track as shown in Figure 4.

Fach track is divided into the following elements:’

a&. Margin area unrecorded
. Run-up sequence, 1,024 bits
c. Preamble including:
1. Track sync words {4}
2. Track ident words (4)
3. Auxiliary data codewcrds (8)
d. Automatic track finding (14 blocks of 360 bits)
e. Data blocks include:
1. Row sync words
2. Row identification words
3. Main data
4. Error correction code words
f. Automatic track finding (14 blocks of 360 bits) g. Postamble includes:
1. Track sync words (4)
2. Track identification words (4}
h. Margin area unrecorded

One Helical Track

MARCIN | RUN |PREAMBLE[ATF | 128 ROWE OF DATA ECC SYNC IDENT ATY | POSTANALE | MARGTN
AREA ur AREA
y v v T
1 1 I i /N 1 t '
I 1 i 1 ! ~ ! k )
! : : I3 ! 4 / \\ ; ; :
g 1, £2, £3, £ £1, f£2, £3, £é
Vorecorded | 14 Blocks af / N 11’ Blocks of | Unreoorded
| 1 360 Aita ¢ ~ 260 Pics L -
1 1 / ~ 1
i { ’1 \\ 1
1024 ’
Bice | / ~ CToar 1 Code
I ’1 N Mords  ords
Syne  track ID Aumxiliary / N
& Code d Cods Data N
Words  Mords B Codt  / N
Wards / N
I ~
¥4 ~
F) N
4 AY
7 N
i ~
’ #——— One Array Row — ~
’ N
Syna Bow ID Inpar DCZ
Rumeup = 1024 Rits | ¢ code| L Code Data - 153 Code Woxds Check Syabole
Pruamble = 164 Rics Waords Ward 8 Code Words
ATY - so;c Bics > —
- 1912132 Bats
ATT - 5040 Rits Last 10 Array Rows
Postamble = "__‘_1’:’_2: 3 Bow mI outer DoC ek
4 Code [ L Cods T - Symbals
ToTal = 202624 Bats vocae | voed

FIGURE 4 Track Details
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201.3.1 Array generation.

The data field is formatted in one array as shown in Figure 5. The data array
censists of one ID column plus 153 columns by 118 rows. Ten error correcting
code symbols are appended to each data column as per Table III. The array is
filled by columns., The first I.D. byte is read into the upper left-most column
of the array (column 0, row 0}. The second I.D. byte is read intoc the left-most
column of the next row of the array (column 0, row 1) etc.. The first column of
the array is filled with consecutive row I.D. numbers until the first column is
complete. The first data byte is then read inteo row 0 colums 1 of array. The
process continues until the first 118 data bytes are read into column 1. The
ten error ceorrecting code symbols for column 1 are calculated “on the fly" and
then read into c¢olumn 1, (rows 118 to 127). The 119th data byte is read into
column 2 of row 0 cof the array and the process of filling column 2 of the array
continues in a manner similar to the process used to £ill column 0. The process
of £filling the array by c¢olumns continuves until the 154th column is £illed.
When the 154th column of row 0 is filled, the inner ECC symbols are calculated
based on the row ID through the 154th column of the row, and appended teo that
row as per Table II. The error correcting symbols for each subsequent row in
the array are calculated and appended in the same manner. When data is
transferred to the 8/9 encoder it is read out of the array by interleaved rows.

/ #
[ 153 Data Bytes rec
154 Colums & SYWBOLY 8 Bite
g g 1ip 179835
212 MSB
33
41+ 118
Data
Byte
Rows
11k 18053
E 10 Rowe ECC
¥4}

INTFALPAVED BLOCK

NCOTE: Input data bytes are segquential from O through 18053
and are read into the arrays in columns

FIGURE 3 Data and ECC Blocks

201.3.1.1 cChannel coding.

The NRZL 8-bit byte stream {(contains ECC and data), which is read out of the
ECC array., shall be formatted in accordance with the coding rules specified
below and incorporate the 8/9 block code conversion described in 501.3.1.2. The
preamble, postamble and synchronisation pattern are added as depicted in Figure
4. This data stream shall then be converted from NRZL to NRZI(l} for recording
on tape. This data stream conversion is demonstrated by the example given in

Figure §.

201.3.1.2 8/9 code conversion,
in order to properly effect the DC free encoding of data, the channel coding
system shall actively maintain a DSV, calculated from the CDS of each 9- bit

§ymbol chosen during the 8 to 9-bit mapping operation. This mapping shall
include both a one to one ("0 CDS" 9-bit code word) selection and one to two [+
NATO UNCLASSIFIED
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or - CDS 5-bit word) selection identical o that used in NATO STANAG 4283 ANNEX
C and MIL-STD-21798B-Table IV and V of this standard provide 8/9 mapping rules.
Each one to two 9-bit word mapping shall be chosen t9 create a DC free data
stream through the choice of the 9-bit word which hrlngg the DSV back to 0.
Each one to one 9-bit word mapping maintains the DSV by using a 9-bit word with
a CDS of 0. The positive or negative CDS words are chosen from Table IV, based

on the DSV and the waveform polarity at the end of the previous word in
The CDS listed in Table IV assumes a negative waveform

accordance with Table V. k _
when this is true, the DSV is

polarity at the end of the preceding word. :
calculated by adding the CDBS listed in Table IV to the previcus D5V.

If the waveform polarity at the end of the preceding werd is positive, then the
DSV is calculated by subtracting the CDS listed in Table IV from the previous

DSV. The DSV calculation shall incorporate the CDS of the synchronisation
patterns, sector I.D. number and the Auxiliary Data in order to maintain a DC

free data stream.

e JIMAULULUULIUAIAAINL - - - - - JUTTHUUUTULL
s 1 [ LJL_ T T UL 1

7 CEREEEEEEE N . _ [EEeeRRe]

ce -7 -3
col Iicel FHcol Icw) 4
Fow 0l C6 63 04 -
Row 1l 47 -
Row- 2 -
- - - - -
2YNC SYNE SYNRC, gYNC IDENT cé 63 o4

. A A A I e ——— . e ,
DT [tPE{oRERp} PPPREdq (i (T ERRPEPPR A bl PPphp bbbl o d e el el 44 s ot Pt
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NRI U
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FIGURE § Row Synchronisation and Identification

dldiiotaary
H-H-H

201.3.1.3 Recording waveform.

Figure 2 is a conceptual block diagram of the recording process and is not meant
to imply a hardware implementation. Due to the lack of any 0 CDS words in the 9-
bit NRZL signal, the waveform recorded shall be NRZII (1). The NRZL waveform
shall be converted to NRZI (1) such that each "1" in the data stream shall
create a transition in the centre of the bit cell and each "0" shall create no
transition. .This NRZI (1) data signal shall be provided to the heads with no
pre-emphasis, encoding, randomisation, or conversion. A waveform polarity
inversion indication 1is included in Table IV. This is £for convenience in
determining waveform inversion polarity for any chosen 9-bit word from the
table.

NATO UNCLASSIFIED
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201.3.1.4 Read interface.

Due to the wide variation in data rate hardware implementations,
the NRZI (1) converter may be buffered for single or multiple heads.
of heads may be used in crder to maintain the physical format on tape.
data‘s serial pature shall be maintained from track teo track.

the output of
A number
The

201.3.1.5 Magnetisation.
During the time interval of a recorded "+ level of NRZI{1l), the polarity of
dara flux shall be such that the north pole of the magnetic domain shall point

in the direction of head motion. During the time interval of a recorded *--"

level of NRZI{1l)} the polarity of data flux shall be such that the south pole of
the magnetic domain shall point in the direction of head motion. Magnetisation
shall bring the tape teo saturation at maximum transition density.

201.3.2 Labelling convention.

The most sigmificant bit is written on the left and is the first recorded to
tape. The lowest numbered byte 1is shown at left/top and is the £first
encountered in the input data stream. Byte values are expressed in hexadecimal

notation unless otherwise noted.

201.3.3 Track details.
The track details shall be as shown in Figure 4 and described below.

201.3.3.1 Margin area.
The margin area is provided for head tape contact stabilisation and it is not

recorded.

201.3.3.2 Run-up segquence,
The run-up sequence of 1024 bits shall be recorded for clock reference. The

magnetisation pattern shall be all ones (1}.

201.3.3.3 Track preamble.
BEach track shall commence with a preamble seguence recorded after the run-up.
Preamble consists of track ID and auxiliary data. It is followed by ATF.

{a) Length 168 codewords

(b) Arrangement See Figure 4
Sync Pattern 4 codewords
Ident pattern 4 codewords
Auxiliary data 8 codewords

201.3.3.4 Automatic track finding {ATF).

Two areas are provided with each track format for automatic track finding. The
patterns which repeat every four tracks are shown in Figure 7. Frequencies are
derived from the recorded wavelength (2 times bit length) and tape-head speed.
The block length is 360 bits with a bit length of 0.372 microns. They use a
pilet signal frequency (£f1), sync signal frequency (f2), sync signal frequency
(£f3) and an erase signal frequency (£f4). The sync signals differ in four tracks
by altering its duration in every frame and its frequency in every track. The
pilot signal is positioned for output not to overlap across three successive
tracks. The erase signal 1s used to separate and buffer the other signal
frequencies within ATF pattern and from data areas. Note that the signals
durations vary from track to track.

The automatic track finding method has the following features:

~ Direct detection method
- One pilot detection

NATO UNCLASSIFIED
B201 - 8



NATO UNCLASSIFIED ANNEX B to STANAG 7024
Edition 2

- Self clocking signals
- Self home track discriminations
- Analogue method for comparing crosstalk

when the head advances in the direction of the array, the presence of an ATF
signal is detected by picking up either the £f2 or £3 syne signals. The adjacent
pilot sigmals (f1} on both sides are then immediately compared. and a decision
made whether the tracking is correct or not. The fl signal components use low
range frequencies that are not affected by the azimuth setting, so crosstalk can
pe picked up and detected from both sides. Since this ATF system compares the
crosstalk using an analogue method, the processing is different than for other
areas. The ATF area is clearly divided into two parts in the track format,

this provides error correction sigmals for track curvature.
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FIGURE 7 Automatic Track Finding Pattern

201.3.3.5 Data field.
This field is used for all data and the associated error correction and
identification data.

) a. Length -1 array of data bytes; 1 row ID column and 153 columns
by 118 xows of user dacta. Ten error-code check symbols are appended to each
column; & error-code check symbols are appended to each row.

b. Arrangement -See Figure 4

201.3.3.6 1Inner error protection.

Type Reaed - Sclomcn

Galois Field 8 bits, (GF 2%)

Field Generator Polynomial xPextexden?+x®

rder of use Left most term is significant, “oldest”

in time computationally, and first
written to tape.

Code Generator Polynomial G(x) = (x+B°) (x+BY) (x+P?) (x+B%) (x+BY) (x+B%) (x+f°} (x+f")
. MSB LSB
(in GF (2%)) whare B® = oo0c 0001
fi = 0000 0010
B> = 0000 0100
NATOC UNCLASSIFIED
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' = ©o00 1000
B' = o000l oCoOCO
B° = 0010 0000
B = 0100 0000
g’ = 1000 0000

K7. K6, K5, K4, K3, K2, K1, KO in

K7xT +K6xE +rK5x S +Rax+KI 3 +K2x? +K1X  +KOX®
obtained as the remainder after dividing
x®D(x) by G(x) where D(x)-B152x!%%+.
+B1x*+B0Ox"

B153x 4+ . . .BOxP+K7xT+K6xE. . . +KOX"®

An example of three possible patterns is shown in Table II, where pattern 1 is
the impulse function and the values in the check locations represent the
expansion of the code generator polynomial. The values are given in hex.

TABLE IXI. Data Field/Inner Error Protection Patterns

Data Symbols

Check Symbols

151 1%2 153 ; 154 155 156 157 158 158 160 161

Sy@bol 0 1 2
Position

Pattern [+10] 0o 00
Pa:éern ae ol Q2
?ac§e:n cc e cc

e} Q0 o1 FF 0B 51 35 EF AD cs8 18
37 98 99 Al 93 20 86 Fg 5B B7 Do

cC alay cc 24 4B 05 22 ED 70 ac D9

Symbol BLl53 EBl5Z2 Bl1lb51
Identity

B2 Bl BO K7 Ké K5 K4 K3 K2 Kl Ko

201.3.3.7 Outer error protection.

The last ten rows of the

array contain the error c¢orrection check data

associated with each column cf 8-bit bytes.

Type - Reed-Solomon

Galois Field ~ GF(28)
Field Generator Polynomial
Order of Use

Code Generator Polynomial

where

x8+X4+x3+x2+X0

The left-most term is the most significant,
“gldest” in time computaticnally, and first
written to tape.

G(x) = (x+B%) tx+BY) (x+B) (x+B>) (x+B*)
(x+B%) (x+8%) (eef7) (x+B%) (x+B%)

B®* - Q000 0001
B! - Q000 0010
B - 0000 0100
B' - 0000 1000
B* - Q001 @QQao
B® - 0010 0000
B ~ 0100 Q000
B” - 1006 0000
B* - 0001 110l
B - Qo011 1010
NATQ UNCLASSIFIED
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Check Characters K9, K8, K7...K1, KO in K9x’+KBx®+K7x +...Klx'+K0x'
obtained as the remainder after dividing x*D(x) by
G(x)

where D(X)=B117X7+B116X"%+ +Blx'+B0X"

Equation of Full Code
B11l7xt?7+B116x 5+, . . +B1x* +BOxI%+KOx*+K8X +K7x +. . . +K1x'+K0x’

Table III shows an example of three possible patterns, where pattern 1 is the
impulse function and the values in the check location represent the expansion of

the code generator polynomial.

TABLE III. Outer Error Protection Patterns

Data Symbols Check Symbals

Symbol 0 1 2 118 117 118 119 120 121 122 123 124 125 138 127
Position

Pattern 1 00 00 +10] 00 0l D8 Q2 SF &F c? SE SF 71 3D cl
pattern 2 00 01 02 74 75 5B 78 59 23 8A 14 AA oD EF SE
pattern 3 cc cc cc cc cc KK 32 1A joisd AE EB E7 AF 24 BF

Symbol Bl11 Bll Bll Bl BO K9 K8 X? <1 KS K4 K3 X2 K1l KO

Identity 7 & 5

201.3.3.8 Automatic Track winding (ATF).
The ATF sequence is recorded as per section 501.3.3.4 and Figure 7.

201.3.3.9 Track postamble .
all tracks shall terminate with the postamble sequence.

{a) Length 8 codewords
{b) Arrangement See Figure 4
Sync Pattern 4 codewords

(same as preamble)

Ident pattern 4 codewcrds
(same as preamble)

201.3.3.10 Margin area.
The margin area is provided for head tape contact stabilisation and it is not
recorded.

201.3.3.11 Synchronisation patterns.

The synchronisation patterns for the row and track shall be defined below. The
NRZI (1) definition implies that *“one* is defined as having the polarity of its
flux pattern with a north pole pointing in the direction of head travel. A
"zaro" is defined as having a south pole pointing in the direction of head
travel. :

201.3.3.12 flow Synchronisation.

The synchronisation pattern in binary for each row of an interleaved block shall
consist of four 9 bit words in NRZI{1l) as follows:

1111001100000000011010400111211110010

The row sync codewords recorded use the NRZL to NRZI encoder and a rule.

The NRZL codewords in hexadecimal are as follows:

NATC UNCLASSIFIED
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e@1s 001 0E4 00B

Where @ is determined by:

@ - 0 if previous polarity is high
@ - 1 if previous peolarity is low

201.3.3.13 Track synchronisatien.
The sync pattern in binary, in NRZI(1) for each helical track, is as follows:

00001100111111111001G111000000001101

The track sync codeword recorders use the NRZIL to NRZII(1l) encoder and a simple

rule. The NRZL codewords in hexadecimal are as follows:

e1s 001 0E4 00B
Where @ is determined by:

@ - 0 if previous polarity is low
@ - 1 if previous polarity is high

This row synchronisatien signal CDS/DSV shall be used by the 8/9 encoder when
determining the selection of the next 9 bit codeword selected to minimise DSV.

201.3.3.14 Row Xdentification.

The row identification pattern shall consist of an 8 bit representation of the
row number in the interleaved block. Row synchronisation and identification
patterns shall be inserted as shown in Figure 5. The row identification pattern
shall be included in the calculaticn of the inner ECC check symbols.

201.4 Helical track geometry.
The helical track geometry is shown in Figure 1 and defined in Table I.

20i1.4.1 Average track pitch.

The distance, averaged over any group of 1,000 consecutive tracks, between the
centreline of any track and the centreline ef an adjacent track, measured
perpendicular to the track length, shall be between 0.0207 mm and 0.0203 mm.
For reference purposes only, 1its corresponding average longitudinal distance
measured parallel tc the reference edge of the tape is 0.2395 mm nominal.

201.4.1.1 Adjacent track pitch.

The di;tance between the centrelines of any two adjacent tracks, measured
perpendicular toc the track length, shall be between 0.019 mm and 0.022 mm,
provided however that the specified average track pitch is maintained.

201.4.1.2 Track width.
The width of a written track shall be 20.5 micrometers nominal.

201.4.2 Track straightness.
Either edge of the recorded track shall be contained within two parallel lines §

micrometers apart.

201.4.3 Track angle.
The track angle shall be as defined in Table I.

201.4.4 Gap azimuth.
The gap azimuth shall be as defined in Table I.

NATO UNCLASSIFLIED
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2p1.4.5 Track positions.

The layout of the tracks and the pesitions of the recorded tracks are shown.on

At each end of a recorded track there shall be a Guard Zone which

formation written to the auxiliary tracks on the

for dimensions specified in this section

The magnetic coating, with the
shall be the side facing the

Figure 1.
shall extend from the last in
tape. The reference edge of the tape
shall be the lower edge as shown in Figure 1.

direction of tape travel as shown in Figure 1,

observer.

All dimensions in Figure 1 shall be measured from an equivalent reference edge.
The equivalent reference edge is a line through two points on the edge of the
tape separated by 100 mm (3.237 in}. All tape edge measurements shall be based

on an average over a tape edge length of 10 mm {0.4 in).

201.5 Physical format along the length of tape.

The physical format of the recording aleng the length of the tape is shown in
Immadiately following the Physical Beginning of Tape {(PBOT) shall be
the initial erased tape zone which shall immediately precede Logical Beginning
of Tape (LBOT). Immediately following the LBOT,, and continuing to Physical End

of Tape (PEOT), shall be the recorded area of the tape.

Figure 8.

View Looking into Recorded Side of Tape

Physical BOY
{Tapa gp_llm) Phyaical EOT

Racording (Taps Bpliow)
\ r— L] " Direction 3 1
Translucent Translucent
Leadar Lesader

- T
it iy e ety o e e i :-!-hnnn Tdge

rd
{—- Tapa Mation / \
re
Initial Erased Zone 13 11 Zane

Logigal BOT (LBOT) Information Track Zona

RSRaty Mrittan Area D Lresed or Unwritten Area

33m00RE

FIGURE B Recording Along the Length of the Tape

201.5.1 Physical beginning of tape.
The Physical beginning of tape (PBOT) shall be detected as the transition to the
opaque area of the splice where the Leader tape is joined to the magnetic tape.

201.5.2 1Initial erased zone.

The length of the Initial erased Zone
the LBOT shall ke 6§ inches.

{M} between the PBOT and the beginning of

201.5.3 Logical beginning of tape.

The Logical Beginning of Tape (LBOT) area begins immediately following the
Initial Erased Zone and caonsists of 128 consecutive count-down tracks.
Concurrently, the longitudinal servo contrel track shall write a series of 32
bit records as specified in Figure 3 and shall allow for identification and
location of each two scan sets and provide feor multiple transport

synchronisatiaon.

NATO UNCLASSIFIED
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201.5.4 Erasure,. -
The tape shall be full-width anhystereticly erased for a distance of 152.4 mm (€
in) (minimum} in the direction of tape motion before the active recording zone
on tape. The erasure shall be such that the output read level shall be no
greater than 2% of the output level of a non-erased portion of tape.

201.5.5 Physical recording Density.
The physical de@sity of recording shall be:

For all ONEs : 68, 235 bits/in

201.5.6 Mechanical parameters.
See Section 5.

201.6 8/% Mapping
Mapping is identical to that used in MIL-STD-2179B and NATC STANAG 4283 ANNEX C

format. Table IV and Table V is included herein for convenience.

NATO UNCLASSIFIED
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Table IV 8- 9-bit map.
g - Bit S - Bit Codeword Polarity
Data Codeword Digital Inversion
(Decimal) {Binary) Sum Y=Yes,
N=No
msh 1lsb
0 000100000 +2 Y 27 100101110 +2
010011100 -1 N 011001110 -2
1 001000011 +2 Y 28 100110101 +2
001000100 -1 N 011010101 -2
2 Q01000110 +2 Y 29 100111010 +2
001001110 -1 N 011011010 -2
3 001001100 +2 Y 30 100111111 +2
001011Q10 -1 N 011011111 -2
4 001011000 +2 Y 31 101001000 +2
£00100101 -3 Y 011101001 -2
5 0401110000 +2 Y 32 101010011 +2
000101010 -2 Y 011110010 -2
6 010000101 +2 Y 33 101010110 +2
000101111 -2 Y 011110111 -2
7 010001010 +2 Y 34 101011100 +2
000110100 -2 Y 011111101 -2
8 0100C1111 +2 Y 35 1011C0101 +2
000111012 -2 Y 100100001 -2
9 010010100 +2 Y 36 1011031010 +2
000111110 -2 Y 101000010 -2
10 010011011 +2 Y 37 101101111 +2
goi001001 -2 Y 141000111 -2
11 010011110 +2 b4 38 101110100 +2
00101001C -2 b4 101001101 -2
12 010101000 +2 Y 38 101111011 +2
001010111 -2 b'4 101011001 -2
13 010110Q11 +2 Y 40 101111110 +2
041011101 -2 Y 101110001 -2
14 01011011¢C +2 Y 41 110010000 +2
001106100 -2 Y 110000100 -2
15 010111100 +2 Y 42 110100011 +2
001101011 -2 Y 110001011 -2
16 011010000 +2 Y 43 110100110 +2
001101110 -2 Y 11000€1110 -2
17 011100011 +2 Y 44 110201100 +2
oclliiocliox -2 Y 11¢01Qlal -2
18 0111Q011a +2 Y 45 110111000 +2
001111010 -2 Y 110011010 -2
19 011101100 +2 Y 46 111000101 +2
001111111 -2 b4 110011111 -2
20 011111Q00 +2 Y 47 1110G1010 +2
010010001 -2 Y 110101001 -2
21 100001001 +2 Y 48 111001111 +2
014100010 -2 Y 110110010 -2
22 100010010C +2 Y 49 111010100 +2
010100111 -2 Y 110110111 -2
23 100010111 +2 Y 50 111011011 +2
010101101 -2 b4 110111101 -2
24 100011101 +2 Y 51 111011110 +2
010211001 -2 Y 111010001 -2
25 100100100 +2 b4 52 111101000 +2
011000100 -2 Y 111100010 -2
26 100101011 +2 Y 53 111110011 +2
011001011 -2 Y 111100111 -2
NATC UNCLASSIFIED
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Table IV 8- to 9-Bit map (continued)
8 - Bit 9 - Bit Codeword  Polarity
Data Codeword Digital Inversion
{Decimal) {Binary) Sum Y=Yes,
N=No
54 111110110 +2 Y a1 011001000 0
111101101 -2 Y 011001000 o}
55 111111100 +2 Y 82 011010011 0]
111111001 -2 Y 011010011 0
56 000010000 0 Y B3 011010110 0
000010000 0 Y 011010110 0
57 000100011 0 ¥ B4 011011100 o
200100011 0 Y 011011100 0
S8 000100110 0 Y 85 011100101 0
000100110 0 Y 011100101 o]
59 000101100 0 b4 86 011101010 0
000101100 0 Y 011101010 0
60 ¢00111000 0 Y 87 011101111 0
000111000 0 Y 011101111 0
61 001000101 0 Y 88 011110100 0
0010001C1 ¢] Y 011110100 0
62 001001010 0 Y 89 011111011 0
001001010 0 Y 011111011 0
63 001001111 0 b4 90 011111110 0
001001111 0 Y 011111110 0
64 001010100 0 Y 91 100010001 0
001010100 0 Y 100010001 0
E5 001011011 a Y 92 100100010 0
001011011 0 Y 100100010 0
66 001011110 0 Y 93 100100111 0
001011110 0 Y 100100111 0
67 001101000 o] Y 94 1001C110Q1 0
001101000 0 Y 100101101 0
68 001110011 0 Y 95 100111001 0
001110011 s} Y 100111001 0
69 ¢01110110 0 Y 96 101000100 0
001110110 0 Y 101000100 0
70 0011111Q¢ c Y 97 101001011 o]
001111100 0 Y 101001011 0
71 010001001 0 Y 58 101001110 0]
010001001 0 Y 10100111¢ 0
72 pgro0010C10 4] Y 99 101010101 0
010010010 4] Y 1010610101 Q
73 010010111 0 Y 100 101011010 0
010010111 0 Y 101011010 0
74 010011101 0 Y 101 101011111 0
010011101 0 Y 101011111 0
75 Q10100100 o Y 102 101101002 D
014100100 0 Y 101101001 0
78 010101012 0 Y 103 101110010 0]
010101011 0 Y 101110010 0
77 ¢10101110 0 Y 104 101110111 0
010101110 o Y 101110111 0
78 010110101 c Y 105 101111101 0
010110101 G Y 101111101 0
79 010121010 ¢ Y 106 110001000 0
010111010 ¢ Y 110001000 0
80 Q10111111 ] Y 107 110010011 0
010111111 ¢ ¥ 110010011 0
NATO UNCLASSIFIED
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Table IV

B-Bit
Data
(Decimal)
108
105
110
111
112
113
114
115
116
117
118
liB
120
121
122
123
124
125
126
127
128
129
130
131
132
133

134

NATO

8- tc 9-Bit map {continued)

9-Bit
Codeword
(Binary)

110010110
116010110
116011100
110011100
110100101
110100101
110101010
110101010
110101111
110101111
110110100
110110100
110111011
110111011
110111110
110111110
111001001
111001001
111010010
111010010
111010111
111010111
111011101
111011101
111200100
111100100
111101611
111101011
111101110
111101110
111120101
111116101
111111010
111111610
111111111
000111001
000100001
001001011
001000610
001010101
001000111
002011111
001001101
001101001
001011001
001110010
001110001
001110111
010000100
001111101
010001C11
010010011
£10001110
010010110

Codeword
Digital
sum

OOOOOOOOOOC}OOOOOOOOOODDDOODOOOOOODD

NATO

Pplarity
Inversion
¥=Yes,
N=No

DHZZZZZ DL D2 R A DR D2 G L G 1 e 1 1 g 1 e v e 0 v I S R R R R R R e
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135
136
137
138
139
140
141
142
143
144
145
146
147
148
145
150
i51
152
153
154
155
1586
157
158
158
160

161
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010010101
010100101
010011010
010101010
010011111
010101111
010101001
010110100
010110010
¢101l1i011
010111101
010111110
011010001
0110601001
g1i100010
011010010
011100111
¢11016111
011101101
011011101
0113111001
011100100
100001000
011101011
1000100211
011101110
100010110
011110101
100011100
011111010
100100101
011111111
100101010
100100011
100101111
100100110
100110100
100101100
100111011
101000101
100111110
101001010
101002001
101001111
101010010
101010100
101010111
101011011
101012101
101011110
101100100
101110011
101101011
101110110

+1
-1
+1

+1
-1
+1
-1
+1

+1
-1
+1
-1
+1
~1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
+1
-1
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8- to 9-Bit map {(continued)

Table IV
8-Bit $-Bit Codeword Polarity
Data Codeword Digital Inversion
{(Decimal) {Binary) Sum Y=Yes,
N=No
162 101101110 +1 N 188 100000100 +3
101111100 -1 N 011001010 -3
163 101110101 +1 N 184 100001011 +3
110001001 -1 N 011001111 -3
164 101111010 +1 N 191 100001110 +3
110010010 -1 N 011011011 -3
165 101111111 +1 N 192 100010101 +3
110010111 ~1 N 011011110 -3
166 110010001 +1 N 193 100011010 +3
110011101 -1 N 011110011 -3
167 110100010 +1 N 194 100011111 +3
110100100 -1 N 0111101lc -3
168 110100111 +1 N 135 100101001 +3
1101010121 -1 N 101000011 -3
169 110101101 +1 N 196 100110010 +3
1148101110 -1 N 101000110 -3
170 110111001 +1 N 197 100110111 +3
110110101 -1 N 101001100 -3
171 111000100 +1 N 198 100111101 +3
110111010 -1 N 110000101 -3
172 111001011 +1 N 19% 101010001 +3
) 110111112 -1 N 110001010 -3
173 1110011210 +1 N 200 101100010 +3
1110310011 -1 N 110001111 -3
174 111010101 +1 N 201 101100111 +3
111010110 -1 N 110010100 -3
175 111011010 +1 N 202 1411061101 +3
111011100 -1 N 110031011 -3
176 111611111 +1 N 203 101111001 +3
111100101 -1 N 110011110 -3
177 111101001 +1 N 204 110100001 +3
111101010 -1 N 110110011 -3
178 111110010 +1 N 205 111c00010 +3
1121101111 -1 N 110110110 -3
173 111110111 +1 N 206 111000111 +3
111110100 -1 N 110111100 -3
180 111111101 +1 N 207 111001101 +3
111111011 -1 N 111100011 -3
181 010110111 +1 N 208 1131011001 +3
111111110 -1 N 111100110 -3
182 0010C0001 +3 N 209 111110001 +3
001010011 -3 N 111101100 -3
183 QlQo00010 +3 N 2190 010000011 +4
001010110 -3 N 0011560101 -3
184 010000111 +3 N 211 010000110 +4
@oiilioll -3 N ©Qd1101010 -3
185 010001101 +3 N 212 0100C1100 +4
0011:1110 -3 N 01101111 -3
186 010011001 +3 N 213 01¢011000 +4
010100011 =3 N 000101001 -4
187 0151104001 +3 N 214 010110060 +4
010100110 -3 N 000110010 -4
188 011100002 +3 N 215 100000101 +4
011000C10 -3 N 000110111 -4
NATO UNCLASSIFIED
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Table IV 8- to 9-Bit map (centinued)
216 100001010 +4 Y 243 100110001 +S
000111101 -4 Y 11c000011 -5
217 100001111 +4 Y 244 101100001 +5
001010001 -4 Y 110000110 -5
218 10001Q100 +4 Y 245 1114000001 +5
001100010 -4 Y 110001100 -5
219 100011011 +4 Y 246 010000000 +6
001100111 -4 Y 110000001 -6
220 100011110 +4 Y 247 1000000112 +6
001101102 -4 Y 001100001 -6
221 100101000 +4 Y 248 100000110 +6
001111001 -4 ¥ 0411000001 -6
222 1001100121 +4 Y 248 100001100 +6
010106001 -4 Y 000110001 -6
223 100110110 +4 Y 250 1006011000 +8&
011000010 -4 Y 000110011 -5
224 100111100 +4 Y 251 100110000 +6
011000111 -4 Y 000110110 -5
225 101010000 +4 Y 252 101100000 +6
011001101 -4 Y 000111100 -5
226 101100011 +4 Y 253 111000000 +6€
011011001 -4 Y 011001100 -5
227 101100110 +4 Y 254 100000001 +7
Q11110001 -4 Y 001111000 -5
228 101101100 +4 b'é 255 100000000 +8
101008001 -4 Y 110011000 -5
229 101111000 +4 Y
- 110000010 -4 Y
230 111000011 +4 Y
110000111 -4 Y
231 111000110 +4 Y
110001101 -4 Y
232 111001100 +4 Y
110011001 -4 Y
233 11101106060 +4 Y
110110001 -4 Y
234 111110000 +4 Y
111100001 -4 Y
235 Q01000000 +4 Y
010101100 -3 N
236 011100000 +4 Y
Qli010100 -3 N
237 110100000 +4 Y
011111100 -3 N
238 010000001 +5 N
001100011 -5 N
239 100000010 +5 N
001100110 -5 N
240 100000113 +5 N
001101100 -5 N
241 100001101 +5 N
011000011 -5 N
242 100011001 +5 N
011600110 -5 N
nsv wWavaform Positive Negative
Polarity CDS CcDs
+ + chosen
+ - chosen
-or O + chosen
- or 0 - chosen
Tab}e‘v Code Word Mapping Table NOTE: Waveform polarity is the
position (+ or -) of the waveform at the end of the previous codeword.
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ANNEX B

PART 2 LOGICAL RECONNAISSANCE DATA FORMAT

LOGICAL FORMAT IS DEFINED IN STANAG 7023
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ANNEX C

PART 1 PHYSICAL FORMAT

“ANALOGUE 12.65mm CASSETTE TAPE RECORDER STANDARD”
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1.0 INTRODUCTION

1.1 Purpose.
The purpose of this standard is to ensure the ability to exchange S$-VHS analogue

videco data within the NATO Reconnaissance Community, te Standardise the cassette
for 12.65 mm (0.5 in) magnetic tape, and to ensure that a recerding made on one
machine can be replaved on any other machine that conforms to this standard,

1.2 Scope.

This standard establishes
principal properties of the tape,
the cassette.

the S5-VHS format as recorded on the tape, the
and the dimensions and physical properties of

1.3 Applicability.
This standard defines requirements for a ground based recorder to replay various
5-VHS compatible video formats available from airborne sources.

2.0 REFERENCE DOCUMENTS

2.1 Commercial Standards.
The issue of the following document currently in effect form a part of this

standard to the extent specified herein.

IEC 774 - International Electrotechnical Commission Publication 774

2.2 oOther Standards.
Inter-Range Instrumentation Group (IRIG)

200-70 IRIG RCC Time Code Standards

3.0 GENERAL REQUIREMENTS

3.1 General.

This section covers the general requirements for analogue data recording made on
12.65 mm (0.5 in) magnetic tape cassettes and is based on IEC 774. The
deviations from IEC 774 that enhance this standard Lo S-VHS are detailed in

paragraph 4.

3.1.1 Recorder.
The recorder in replay shall accommodate asynchronous formats, and synchronous
525 line - 60 field NTSC, 625 line -50 field PAL and 625 line - 50 field SECAM

standard television formats.

3.1.2 Cassette.
The dimensions of the cassette shall be in accordance with Figures 1 to 1B
contained in the IEC Publication 774 - Part 1 “VHS and compact VHS video

cassette system”.

3.1.2.1 Magnetic Tape.
The magmetic tape shall be S-VHS compatible with a coercivity of 900 Oersted

(Oe) .
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'3.1.2.2 Reference Tape. _
A reference tape has been defined for measurements of the recording
characteristics of S-VHS tapes. This reference tape 1is numbered SRT-1. The

reference tape is available from:

video Research and Development Labs Tel: 045-453-1111
Victor Company of Japan Ltd Fax: 045-453-6140
3-12, Merivacho, Kanagawa-ku Tix: J47753-JVCYHA

Yokohama, 221, Japan

4.0 DETAILED REQUIREMENTS

4.1 Cassette.
To satisfy this standard the cassette shall have an S-VHS identification hole as

shawn in Figure 6.

4.2 Recorder.

4.2.1 Track Configuration and Dimensions.
The track configuration and dimensions shall be in accordance with Figure 8 and

Table 1.

4.2.2 Low-pass Filrter.
The luminance component of the composite video signal shall be separated by a
low-pass filter, the attenuaticn cof which shall be greater than 40 dB at the

chrominance sub-carrier fregquency.

4.2.3 Pre-emphasis and Clipping.
The luminance signal shall be pre-emphasised and clipped prior to frequency
The level from sync tip to peak white is 100% with the following

modulatgion.

clipping levels:
white clipping level 210% +10%,-5% measured from sync tip
dark <lipping level 70% + 10% measured from sync tip

4.2.4 Modulatien Characteristics.
The FM carrier frequencies corresponding to reference video levels shall be as
shown below. See alsc Figure 9.

reference peak white level 7.0 MHz + 0.1 MHz
reference sync tip level 5.4 MHz + 0.1 MH=z
deviation 1.6 MHz + 0.1 MHz

4.2.5 Recording Level.
The_recording current shall have the optimum value at all frequencies within the
entire FM carrier range as defined in paragraph 4.2.4.

4.2.6 Signal to Noise Ratio.
The signal to noise ratic shall be at least 45 dB unweighted.

4.2.7 Horizontal Resolution.
The horizontal resolution shall be greater than 400 lines.

NATO UNCLASSIFIED
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4.2.8 TFM Helical Audic Tracks.

4.2.8.1 Auxiliary Data. _ )
The auxiliary data, detailed in NATO STANAG 7023, will utilise the high quality
FM helical tracks using the S-VHS depth mulriplexed system, subject to the

provisions specified at para.4.2.3%.2

4.2.8.2 Carrier Frequencies.

The left and right hand audic signals shall be freguency modulated onteo a 1.4
MHz and a 1.8 MHz carrier respectively {625 line - 50 field}, 1.3 MHz and a 1.7
Mz carrier respectively (525 line - 60 field).The operating frequency deviation

snall be £ 50 KHz at 400 Hz, with a maximum deviation of + 150 KHz.

See Figure 9.

525 line - 60 field | 625 line - 50 field
CH - L 1.3 MHz + 10KHz 1.4 MHz + 10KHz
CH - R 1.7 MHz + 10KHz 1.8 MHz #* 10KHz

4.2.8.3 Dynamic Range.
The dynamic range shall exceed 85 dB.

4.2.8.4 Freguency Response.
The frequency response shall be 20Hz to 20KHz

4.2.8.5 Signal to Noise Ratio.
The signal to noise ratioc shall be greater than 45 dB.

4.2.9 Longitudinal Audic Tracks.

4.2.9.1 Channel 1 Audio Track.
Channel 1 audio track see Figure 8 will be reserved for cockpit voice recording.

4.2.9.2 Channel 2 Audio Track.
Channel 2 audio track see Figure 8 will be reserved for the recording of a
mission time code such as IRIG B and/or mission event markers.

NATO UNCLASSIFIED
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Figure 1. NOTES:

1 The top label area.

2 Guide grove A to prevent misinsertion.

3 Guide grove B to prevent misinsertion.

4 Break-out lug to prevent accidental erasure.

5 Window for take-up reel.

6 Window for supply reel.

7 Side label area.

8 Unlocking pin for the front cover.

9 Slots for positioning of the cassette.
1¢ These allowances include slight play of the front cover.
11 This recess is to prevent ﬁisinsertion but may not necessarily exist.
Figure 2. NOTES :

1 Reference hole.

2 Hole for the sensor lamp.

3 Hole for the sensor light path.

4 Unlocking hole for reel brake.

5 Datum plane.

The flatness of these four datum planes shall be less than 0.2mm.

6 Guide grove A to prevent misinsertion.

7 Guide grove B to prevent misinsertion.

8 Auxiliary hole position.
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FIGURE 3. INNER STRUCTURES
NOTES:
1 Sensor light angle of supply side.
2 Sensor light angle of take-up side.
3 Pushing position of the cover-unlocking device of the recorder.
4 The position of the brake-unlocking pin of the recorder.
5 The position of the lever in the recorder for copening the cassette cover.
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FIGURE 4. COMPLETE COMPACT CASSETTE CASE (VIEW 1}

Dimensions in millimetres

Notes:

1 All ridges on the cassette body may be less than R 0.5mm or C §.5mm.

2 Top label area.

3 Window for supply reel.

4 Guide grove - When the gauge, having dimensions of the grove on the lower
case, is inserted into the grove from the bottom, it shall not contact the
walls of the corresponding grove in the upper case.

5 The distance is shown when the front cover is in the normal opening
position.

& Maximum value when the front cover is fully opened.

7 92mm + 0.3mm for the type of front cover without a locking structure.

8 The A length of the front cover shall be smaller than the cassette length

by within O.6mm.
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FIGURE 5. COMPLETE COMPACT CASSETTE CASE (VIEW 2)
NQTES:
1 Side label area.
2 Erasure prevention tab area. The depth of the recess shall be 2.5mm
3 Grove corresponding to the unlocking pin for reel brake.
4 Datum holes.
5 Grove to prevent misinsertion.
6 Supply reel.
7 Take-up reel.
B Auxiliary hole positions. The depth of the recess shall be 2.5mm.
9 Screw locations for securing upper and lower cases.
10 Area for identification. This identification shall not protrude from the
lower surface.
11 Front cover unlocking device intended only for the type of front cover
with a locking struecture,
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DATUM LINE
L
DATUM LINE }T —— M"
n
-
o
“
- :  ——
| W w
) o + 1 I
N p—
+0.
siile O n O o
IDENTIFICATION EOLE - = —— —
{ID ROLE) I
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FIGURE 6. S-VHS CASSETTE SHOWING IDENTITY HOLE
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’ 75202
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FIGURE 7. COMPACT S-VHS CASSETTE SHOWING IDENTITY HOLE
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NOTE : X shall be measured from the end of the 180° scan of channel 2 to the
recorded control signal on the tape.

FIGURE 8. TRACK CONFIGURATION AND BASIC DESIGN DIMENSIONS. (VIEW FROM
MAGNCSENSITIVE SIDRE)

Chrominance Luminance signal
i Frequency i i
16 Mz
; peak
Sync tip i
! { I} ! " ;
18 1 3 ;' * T
=2 3 - s S 7
Frequency (MHz) 54 7.0

FIGURE 5. 5-VHS FREQUENCY SPECTRUM
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TABLE 1 Track configuration

see Figure 8.

Dimensions in millimetres

Item

525 line 60 Hz

625 line 50 Hz

B Total video width 10.60C 10.60

W Effective video width (180%) 10.407 '10.07

L Video track centre reference edge of the 6.2 6.2
tape

P Video track pitch 0.058 0.045

T Videco track width 0.058 0.04%

c Control track width 0.75 £ 0.1 0.75 + 0.1

R Audio track width (monecmorphic) 1.0 £ 0.1 1.0 + 0.1

D Audio track {channel 2) width 0.35 + 0.05 0.35 + 0.05
(stereophonic - right)

E Audio track (channel 1} width 0.35 + 0.05 0.35 + 0.05
{stereophonic - left}

F audio track reference line 11.65 + 0.05 11.65 + 0.05

h Audio to audio track guard band width 0.3 + 0.05 0.3 + 0.05

8 Video track angle 5°58709.9~ 5°57'50.3"

Bo Video track angle (tape stationary) 5°56/07.4" 5°56:07.4"

X Position of audio and control head 79.244 73.244

o " Video head gap azimuth angle 6° + 10° 6° * 10¢
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ANNEX C

PART 2 LOGICAL RECONNAISSANCE DATA FORMAT

LOGICAL FORMAT IS DEFINED IN STANAG 7023
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ANNEX D

PART 1 PHYSICAL FORMAT

"DIGITAL 19mm CASSETTE TAPE RECORDER STANDARD”
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25.4 mm (1 in) Type DCRsi Recorded

Instrumentation-

Digital Cartridge Tape Format

VBISION 1. ooeieooeeeeeeeeeee et eeeeeeeesereeeaaaeseesentseaaaasesnsnsnn e aemnsaeneaanrassnaransnn 4 June, 1998
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25.4 mm (1 in) Type DCRsi Recorded
Instrumentation
Digital Cartridge Tape Format

1 Scope and purpose

1.1 Scope

This standard establishes the format of information on 25.4 mm (! in) type DCRsi instrumenta-
tion digital cartridges. It specifies the dimensions and locations of the transverse scan data and
pilot tone track, the control track and the longitudinal data track. it defines the formatting, ran-
domizing, ECC, and other recording requirements of the data blocks forming the transverse data
record, containing user data and other associated data and specifies the content, format, and
recording method for the control record to ensure that a compliant recorder will be able to repro-
duce the recorded tape. This standard also specifies the recording requirements for the longitudi-
nal records contained in the longitudinal data tracks. Additionally this standard specifies the pre- .
record and post-record zones of the transverse scan tracks and the longitudinal data track. The
physical requirements, magnetic requirements and test methods for the magnetic tape and tape
cartridge are also specified in this standard. All dimensions given are metric with their corre-
sponding U.S. customary engineering units (similar to British Imperial units) shown in parenthe-

Ses.

Note: It is possible that compliance with this standard may require the use of an invention
protected by patent rights. The sponsor of this standard has filed a statemnent of willingness
to grant a license under these rights on reasonable and nondiscriminatory terms and condi-
tions to applicants desiring to obtain such a license; however, no warranty is made or
implied that this is the only license that may be required to avoid patent infringement in

the use of this standard.

1.2 Purpose

The purpose of this standard is to ensure a direct and unique correspondence between user data
(as defined in this standard) and the format recorded on tape. In order to ensure data interchange
using this standard, it is necessary for interchange parties to agree upon performance levels and
source data format. This standard is distinct from a specification in that it delineates a minimum
of restrictions consistent with compatability in media and information mterchange transactions.

1.3 Compliance

An interchange instrumentation tape can be said to comply with this standard if it complies with
all the mandatory requirements of this standard. Any recording made on a machine compliant
with this standard shall be interoperable and interchangeable with any recording made on any
other recorder also compliant with this standard. In the text that follows, a mandatory require-

ment is expressed by the word “shall.”
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2 Referenced standards and related publications

2.1 Referenced American national standards

This standard is intended to be used with the following American national standard:

IRIG-B
2.2 Related publications

The following publications are referenced for informative purposes:

Viterbi Detection of Class IV Partial Response on a Magnetic Recording Channel by Roger W.
Wood and David A. Petersen (IEEE TRANSACTIONS ON COMMUNICATIONS, VOL. COM-34, NO. 5,

MAY, 1986)

High data rate magnetic recording ina single channel by C. H. Coleman, D. A. Lindholm, D. A.
Petersen, and R. Wood (JOURNAL OF THE INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS,
VoL. 55, NO. 6, Pp. 229-236, JUNE 1985)

Digital Maximum Likelihood Detector for Class IV Partial Response, United States Patent No.
4,504,872. Inventor: David A. Petersen. Date of Patent: March 12, 1985. Assignee: Ampex Cor-
poration, Redwood City, Calif.

3 Definitions

The following definitions, listed in alphabetic order, and those given in the American National
Dictionary for Information Processing, ANSI X3/TR-1-82, apply to this standard:

append record: A record made within a single record session in which new data are recorded
seamlessly at the end of previousty recorded data.

auxiliary data: Optional user information of secondary importance.

azimuth: The angular deviation of the mean flux transition line from a line normal to the nominal
track centerline.

basic dimension: A fundamental dimension on which the tape record of this standard is based.

binary: Numbers in binary format are numbers to the base 2 and are shown with a subscript 2.
(e.g. Decimal 10 is represented as /0/0; in binary format.)

bi-phase mark: An encoding method for serial data in which an input bit of “0” is represented by
transitions at the output at both edges of the bit-cell period of the input data and an input bit of “1”
is represented by transitions at the output at both edges of the bit-cell period and an intermediate
transition at the half bit-cell period. The resulting encoded signal is self-clocking and not polarity

sensitive.
byte: A contiguous set of 8 bits that are acted on as a unit.
check bytes: Redundant data bytes added to the record data to facilitate error correction on play-

back.
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Ciass IV partial response: An equalization and detection method allowing improved signal per-

formance for a limited bandwidth record/playback channel. :

ecoding: A non-redundant encoding achieved by passing the ran-

Class IV partial response pr _
h a feedback loop (with modulo-2 addition of feedback to data)

domized formatted data throug
including a 2-bit deiay.

clock run-down: The sequence of bits at the end of each transverse scan track representing 1/6
the clock frequency of the transverse scan data.

clock run-up: The sequence of bits at the commencement of each transverse scan track repre-
senting 1/6 the clock frequency of the transverse scan data.

control record: The magnetization pattern or associated information recorded into the control
track.

control track: The longitudinal track farthest from the reference edge of the tape which repre-
sents the scanner tachometer signal in record. :

ECC (Error correction coding): A method of adding redundant data in the form of parity check
bytes to a recorded signal such that the location of errors in the playback data can be identified

and the erroneous playback data corrected.

Galois field: A mathematical field containing a finite number of elements in which algebraic
operations may be performed. The number of field elements is generally wnitten as an argument

in parentheses, e.g. GF(256).

hexadecimal: Numbers in hexadecimal format are numbers to the base 16 and are shown with a
subscript 16. (e.g. Decimal 10 is represented as 4¢ in hexadecimal format.}

longitudinal data track: The longitudinal track between the control track and the transverse
tracks on the tape. The data recorded are dependent upon the type of record zone.

isb: The least significant bit of a series of bits forming a byte or word.
LSB: The least significant byte of a series of bytes.

Isn: The least significant nibble of a series of nibbles.

msb: The most significant bit of a series of bits forming a byte or word.
MSB: The most significant byte of a series of bytes.

msn: The most significant nibble of a series of nibbles.

nibble: An ordered string of 4 bits starting with the most significant bit and ending with the least
significant bit, representing a numeric value to be acted on as a unit.

pilot: A sine wave signal of relatively low frequency which is added to the transverse track data
record signal to facilitate track identification and location on playback.

post-record zone: The third zone of a recording, foliowing the user record zone, in which the
SAT data in the transverse scan track and the time code field in the longitudinal data track differ

from that in the user record zone.
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of a recording, preceding the user record zone, in which the SAT

pre-record zone: The first zone eCOl }
and the time code field in the longitudinal data track differ from

data in the transverse scan track
that in the user record zone.

SAT: The Scan address, Auxiliary data, or Time code (SAT) byte is the last byte of each code-
word in a transverse scan track. The SAT byte functionality depends upon its location in the

ansverse scan frack as well as the particular record zone.

scan track sync (STS): The sequence of bits following the run-up sequence on every {ransverse
track.

standard alignment tape: A tape, the performance of which is known and stated in relation to
that of the master standard reference tape.

Note: A master standard alignment tape has been established. The Ampex Corporation will make
available for purchase, secondary standard alignment tapes (P/N 1294025).

For ordering information contact: _
- Ampex Corporation

500 Broadway
Redwood City
CA 94063-3199
US.A.

time code: A number in binary format (5 bytes) representing the time in milliseconds. A specific
implementation may permit time code (o be synchronized to IRIG-B time from an external

source.

track: A narrow, defined area on tape along which a series of magnetic signals may be recorded.

transverse scan track: A narrow defined area on tape, inclined at a small angle to a line perpen-
dicular to the reference edge of the tape, along which a senes of magnetic signals may be

racorded.

user record zone: The second zone of a recording, following the pre-record zone and preceding
the post-record zone in which user data are recorded.

user record spacing: The spacing between the user record zone of one record session and the
user record zone of the next record session.

NATO UNCLASSIFIED
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4 Tape recorded format

4,1 Overview

This section of the standard specifies the physical dimensions and locations of the transverse data,
control pilot tone, control and longitudinal data tracks recorded for 25.4 mm (! in) type DCRsi

transverse scan cartridges.
4.2 General specifications

4.2.1 Dimensions

Dimensions are in the metric system. The metric dimensions are derived from U.S. customary
engineering units (similar to British Impenial units) which are shown for reference in parentheses.

4.2.2 Test conditions

Tests and measurements made on a recorded tape to check the requirements of this standard shall
be made under the following conditions:

Temperature: 20°C £ 1°C (68°F £2°F);
Relative humidity: 50% £2%;

" Barometric pressure: 96 kPa £10 kPa (13.93 £1.45 psi);
Tape tension: 1.65 N+0.25 N (5.9 £0.9 ozf).

4.2.3 Tape conditioning

Conditioning of the tape stock before recording and testing shall be as follows:

Storage conditioning: Not less than 24 hours;

Environmental Stabilized to the conditions specified in Section 4.2.2 on page 5,

Tape tension: Wound on a reel at a tension of 1.10 N to 1.65 N (4 ozf to 6 ozf).

4.2.4 Tape reference edge

The reference edge of the tape for dimensions specified in this standard shall be the lower edge as
shown in Figure 1 on page 7. The magnetic coating, with the direction of tape travel as shown in
Figure | on page 7, shali be on the side facing the observer.

4.2.5 Equivalent reference edge

All dimensions in the table and figures shall be measured from an equivalent reference edge with
the exception of dimensions I, J, K, and P and azimuth angles y; and 7,. The equivalent reference
edge is a line through three points on the edge of tape separated by 115 mm (4.53 in) and con-
strained to lie in one straight line. This constraint may be a physical deformation or an equivalent
mathematical transformation. Measurements shall be made from the center point of the reference

edge.

NATO UNCLASSIFIED
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4.3 Track locations and dimensions

Track locations and dimensions for the format shall be as specified in Figure I on page 7 and

Table 1 on page 9.
4.4 Relative positions of recorded signals

The relative positions of the transverse scan tracks, the control track, and the longitudinal data
track shall be as shown in Figure 2 on page 8 and Table 1 on page 9.

4.5 Gap azimuth

4.5.1 Transverse scan tracks

in the DCRsi format to obviate the need for guard bands
between the transverse scan tracks. Transverse scan tracks recorded with head 1 and other odd-
numbered heads shall have a positive azimuth angle (Y1) and transverse scan tracks recorded with
head 2 and other even-numbered heads shall have a negative azimuth angle (y;) as shown in
Figure 1 on page 7 and Table 1 on page 9. The azimuth angles ¥, and 7, shall be measured at an
angle perpendicular to the centerline of the transverse scan tracks. The tolerances for the azimuth

angles are shown in Table 1 on page 9.

Azimuth recording shail be utilized

4.5.2 Control track and longitudinal data track

The azimuth angle of the control track and longitudinal data track head gaps used to produce lon-
gitudinal records shall be 0° with respect to the perpendicular to the track within a tolerance of

+0.033°.

NATO UNCLASSIFIED
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Drum rotation
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Edition 2

Cz4

N

Refarance edge

—=—— Tape motion

Notes:
1. See Table | on page 9 for dimensions.

2. Dimensions A, B, C, and D are measured at the center of the transverse scan track width.

;m
A
<

{(

Figure 1 ~ Location and dimensions of recorded tracks
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|
CONTRGL TRACK
LONGITUDINAL DATA TRACK Tra::k 1
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l

Reterence edge

~—+——— Taps motion

Notes:
1. See Table I on page 9 for dimensions.

Figure 2 — Location of longitudinal data and control track record
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Table 1 - Recorded track location and dimensions

Dim

Location

Nominal dimensions
and tolerances

1.524 £0.025 mm (0.060 £0.001in)

A Clock run-down, bottom edge

B | Clock run-down, top edge 1.676 £0.025 mm (0.066 £0.001in)
C ! Clock run-up, bottom edge 22.530+0.025 mm (0.887 £0.001in)
D | Clock run-up, top edge 22.682 +0.025 mm (0.893 £0.001in)
E | Longitudinal data track, bottom edge 22962 £0.063 mm (0.904 £0.0025 in)
F | Longitudinal data track, top edge 23.724 £0.063 mm (0.934 £0.0025 in)
G Control track, bottom edge 24740 +0.063 mm (0.974 £0.0025 in)
H | Control track, top edge 25.248 £0.063 mm (0.994 £0.0025 in)
I | Track pitch 0.043625 mm (0.001715 in) basic

J Rccord current tum;on zone | 0.28 mm (0.011 in) derived

K | Transverse scan track length (D - A) 11.158 mm {0.833 in) derived

P L‘,ongitudinal data/control head loca- 81.966 £0.45 mm (3.227 £0.018 in)

tion

W | Tape Width 25.349 +0.050 mm (0.998 +0.002 in)
0 | Scanning angle 50°
o; { Transverse scan track angle 89.920° £0.012°

Y; | Azimuth angle (positive) 15.000° £0.132°

Y, | Azimuth angle (negative) 15.000° £0.132°

NATO
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5 Usable tape length, record zones and inter-record zone

5.1 Overview

able tape length. It also defines the record zones created

This section of the standard defines the us . (
record zone when there are multiple record sessions on

for a normal record session and the inter-
the same tape.

5.2 Usable tape length

The length of the leaders and the length of the usable tape is dependent on the physical length of
tape spooled on a cartridge and the thickness of the tape. The length of tape on a given reel is cal-
culated from the pack radius (R) and the tape thickness (Th) as follows:

{r X [R — (Ry) 1} + Th

Length = 500 meters

where the hub radius (R},;) is 20.383 mm {0.8025 in).

There are five positions of the tape which are defined in the sequence in which they occur, namely,
Beginning-of-Tape (BOT), Virtual BOT, Near EOT, Record EOT, and End-of-Tape (EOT).

The usable length of tape is the length of tape between the Virtual BOT and the Record ECT.

5.2.1 Beginning-of-Tape (BOT)

The Beginning-of-Tape (BOT) is defined as the position of the tape in which the radius of the tape
pack on the takeup reel is 21.989 mm (0.8657 in). The BOT represents 2 DO-NOT-CROSS line.

5.2.2 Virtual BOT

The Virtual BOT is defined as the position of the tape in which the radius of the tape pack on the
takeup reel is 22.222 mm (0.8749 in). The Virtual BOT is the point at which record address zero

is located.

5.2.3 Near EOT

The Near EOT is defined as the position of the tape in which the radius of the tape pack on the
supply reel is 24.709 mm (0.9728 in). The Near EOT is used to warn the user that the record ses-

sion is about to be terrmunated.

5.2.4 Record EOT

The Record EOT is defined as the position of the tape in which the radius of the tape pack on the
supply reel is 23.223 mm (0.9143 in). The Record EOT is the position that a record session will

be autornatically terminated.

5.2.5 End-of-Tape (EOT)

The End-of-Tape (EOT) is defined as the position of the tape in which the radjus of the tape pack
on the supply-reel is 21.989 mm (0.8657 in). The EOT represents a DO-NOT-CROSS line.

NATQ UNCLASSIFIED
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5.3 Record zones and inter-record zone

Each normal record session shall record three zones on tape, namely, a pre-record zone, 2 user
record zone, and a post-record zone. Both the transverse scan tracks and longitudinal data tracks
utilize pre-record and post-record zones in addition to the user record zone. User data is only
recorded in the user record zone. During a single record session data are appended transparently
to any records made previously during the session and no additional pre-record and post-record
zones are used. When there are multiple record sessions, the space between the end of the post-
record zone of one record session and the start of the pre-record zone of the next record session is
the inter-record zone. Details of the implementation of the pre-record and post-record zones are
given in Section 6.5 on page 23 and Section 6.6 on page 25 for the transverse scan tracks and
Section 7.13 on page 39 and Section 7.14 on page 39 for the longitudinal data tracks. Figure 3 on
page 11 shows the sequence of a typical record session and Table 2 on page 11 shows the pre-
record zone and post-record zone spacings as a function of number of transverse scan tracks.

l .LI , " START OF NEXT
,_ RECCRD SESSION 'I RECORD SESSION

ZONE ZONE
TAPE MOTION USER RECORD
SPACING

At m————

Figure 3 - Record zones

Table 2 — Record zone spacing

Number of transverse scan tracks
Write format Pre-record User record Post-record User
type number Zone zone zone record spacing
1&2 2,801 user defined 2,955 7,000
3,4,&5 3,996 user defined 2,955 10,000

The write format type numbers are described in Section 7.10 on page 37 and Annex B.

Note: Equipment designers should be aware that the use of write format type numbers 1 and 2 is
not recommended for new equipment designs. This is to ensure that the user record spacing is
maintained at 10,000 transverse scan tracks on all new recordings. However, reproduce equip-
ment shall have the capability to operate satisfactorily when the recorded tape’s user record spac-

ing is either 10,000 or 7,000 transverse scan tracks.
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5.3.1 Pre-record zone

The pre-record zone has a duration of 3,996 transverse scans. The pre-record zone is further sub-
divided into two areas having different zone flags inserted into the SAT data. The zone flag is set
to D14 but changes to £ when the scan count is 64, before the start of user record.

5.3.2 User record zone

The user record zone is the zone in which the end user can record continuous and seamless data.
Its duration is determined by the user.

5.3.3 Postrecord zone

The post-record zone has a duration of 2,935 transverse scans.

5.3.4 User record spacing

The user record spacing is the number of transverse scans between the end of the user record in
one session and the start of the user record of the following record session. A user record session
can only commence at a point on the tape where there is a valid scan track address. The only
exception to this is at the start of recording on a bulk-erased or new tape when the scan track
address is zero. All subsequent record sessions have the same user record spacing of 10,000 trans-
verse scans as shown in Table 2 on page 11 and include 2,995 transverse scans for the post-record
session of the last record session and 3,996 transverse scans for the pre-record zone of the new

record session.

5.3.5 Insert and crash recording

If a record scan track address is specified at a location on tape where there is an existing recording
that recording will be erased from the address specified and the user record zone will start at a
point which maintains the user record spacing. Although the original recording will not have a
normal post-record zone prior to the new recording, playback of the original recording up to the
address specified for the new recording shall be permitted. If the new recording is inserted within
an existing recording there shall be an erased gap of at least 7.62 cm (3 in) between the end of the
new recording’s post-record zone and the start of data of the original recording. Crash recording
shall also be permitted when there is a valid scan track address and the same conditions then apply

as for an inserted recording.
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& Transverse scan data, pilot tone, and control track

6.1 Overview

This section of the standard specifies the content, format, and recording method of the user record
zone data blocks forming the transverse scan data signals on the. tape containing instrumentation
digital and other associated data for the 25.4 mm (1 in) type DCRsi transverse scan tape car-
tridges. The pilot tone added to the transverse scan data is specified in Section 6.8 on page 27. In
addition, the content, format, and recording method of the control signals containing tracking
information for the transverse scan heads associated with the transverse tracks are specified in
Section 6.10 on page 29. Track dimensions and locations are specified in Figure 1 on page 7 and
Table 1 on page 9. Figure 4 on page 13 shows a block diagram of the processes involved In a
recorder. Details of the differences in the transverse scan data track for the pre-record zone and
the post-record zone are described in Section 6.5 on page 23 and Section 6.6 on page 25 respec-

tively.

ECC
————s
DATA OUT ENCODING
CLOCK <ty 4
v
DATA IN ]
FORMATTING LINEAR
BUFFER » AND -l pSEASS S > AscoRD
Lotk RANDOMIZATION AMPLIFIER
& F 3
AOTARY
TRANSFORMER
RECCRAD!
PLAYBACK,
HEAD
EQUALIZATION | .
cenmogasron || e 1 I S T
DEFORMATTING DETECTICN FILTERING €
'Y Jr
y
r CLOCK
RECGVERY
ECC AMPLITUDE
DECOGING ESTIMATION

Figure 4 - Block diagram of typical signal processing
6.2 Transverse scan track data, format, synchronization, and recording
requirements '
6.2.1 Labeling conventions
Unless otherwise specified, the following conventions shall apply for Section 6:
(1) Values are expressed in 8-bit bytes
(2) The most significant bit (msb) is shown on the left-hand side.
(3) The mt;st significant bit is the first bit recorded on the track.
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6.2.2 Introduction

The transverse scan trac
scan per track as shown in F

k is comprised of formatted digital data. The data are arranged in one
igure 5 on page 15. The transverse scan track is divided into the fol-

lowing elements:

(1
@)
3
4)

Clock run-up, 37 bytes
Scan track sync, 16 bytes
ECC codewords (blocks), 18 blocks of 265 bytes/block

Clock run-down, 37 bytes

NATO UNCLASSIFIED
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1 Transverse scan track

37 | 16 | Bytes Byes | 37
STS Run-down

Run-up

— —
18 ECC Codewords {blocks)

| (90 Sub-blocks)

1l z13aJlslel 78 [ o [iofufi2]es[14]15]16(17]18

|

1 ECC Codeword (block)
(5 Sub-blocks)

Sub-block 1 | Sub-block2 | Sub-block3 | Sub-block4 | Sub-block 3

[ 53 Bytes "1
5 E E E
Sub-block 1 8 DATA < DATA < DATA CJoATA
BYTES |2 | 15 | 15 1] 15 TEN
E 53 Bytes i
S E ) E
Sub-block 2 B DATA < DATA < DATA S| DATA
syres |2] 12 . 15 1} 15 ] 6 |
}* 53 Bytes -{
5 E B E
Sub-block3 |8 DATA [ DATA < DATA |  DATA
BYTES | 2| 9 [1] 15 1] 15 1] 9 |
: !Lg 53 Bytes ‘-1
S E E E
Sub-block 4 | 2] DATA |[C DATA < DATA g DATA
BYTES [2] & |1 15 I 15 1] 12 |
E— 53 Bytes _i
Sub-block 5 |3 DATA :
BYTES | 2| 50 M

Figure 5 — Transverse scan track data format
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6.2.3 Transverse scan track details

6.2.3.1 General

Details of the transverse scan track data format are shown in Figure 5 on page 15. All scan tracks
shall contain a run-up, a scan track sync, and 18 ECC codewords or blocks.

6.2.3.2 Clock run-up

This element of the transverse scan track contains a clock run-up sequence of 37 bytes represent-
ing a frequency of one sixth (1/6) the clock frequency of the transverse scan data. Its location in
the transverse scan track is shown in Figure 5 on page 15. The run-up pattem is therefore the
sequence 111000, repeated 49 times with 11, appended to complete the 37 bytes. The following
sequence, shown in both binary and hexadecimal formats, results:

Binary:

11100011 10001110 00111000 11100011 10001110 00111000
11100011 10001110 00111000 11100011 10001110 00111000
711100011 10001110 00111000 11100011 10001116 00111000
17100011 10001110 00111000 11100011 10001110 00111000
11100011 10001110 00111000 11100011 10001110 00111000
11100011 10001110 00111000 11100011 10001110 00111000

11100011,

Hexadecimal:

E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38
E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38 E3 8E 38 E34

6.2.3.3 Scan track sync (STS)

This element of the transverse scan track shall contain a synchronizing pattern sequence of 16
bytes. The sequence is shown below in both hexadecimal and binary formats:

Hexadecimal:

S0 B8 34 09 FC 55 E6 51 18 7B EB 53 67 6E 92 (b6

Binary:

10010000 10111000 00110100 00001001
11111100 01010101 11100110 01010001
00011000 01111011 11101011 01010011
01100111 01101110 [00100i0 11000110,

The location of the scan track sync in the transverse scan track format is shown in Figure 5 on
page 15.

NATQ UNCLASSIFIED
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6.2.3.4 ECC codewords (blocks)

This element of the transverse scan track contains 18 ECC codewords (blocks) each comprising 5
sub-blocks of 53 bytes resulting in a total of 265 bytes per block as shown in Figure 5 on page 15.
The formatting of the codewords (blocks) into the 5 sub-blocks is shown in Table 3 on page 18.
Sub-blocks 1 - 4 contain sub-block sync (SBS), user data, and ECC check bytes. Sub-block 5
contains only sub-bock sync (SBS), user data and 1 Scan track address, Auxiliary data, or Time

code (SAT) byte. The user data are not shuffled.

6.2.3.4.1 Sub-Block Sync (SBS)

The first two bytes of each sub-block, within the ECC codeword (block), shall comprise the syn-
chronizing signal /1BE2g.

6.2.3.4.2 Scan track address, Auxiliary data, or Time code (SAT)

The last byte of each codeword (block) is the Scan address, Aux data, or Time code (SAT) byte
according to the location of the codeword (block) within the transverse scan track. There are
therefore 18 SAT data bytes in each transverse scan track as shown in Table 4 on page 19.

6.2.3.4.2.1 Scan track address - user record 2zone

The scan track address is a unique 3-byte (24-bit) number on the recorded tape indicating the
number of scan tracks recorded. The scan track address is zero at the start of the user record zone
of the first record session. This address is also mapped into the longitudinal data track block as
coarse scan address (16 bits) FO through F15 and fine scan address (8 bits) KO through K7.

6.2.3.4.2.2 Auxiliary data - user record zohe

User's auxiliary data, which is data separate from the user data, are recorded in the SAT bytes of
the even-numbered codewords 2 through 18, with the most significant byte in codeword 2 and the
least significant byte in codeword 18 as shown in Table 4 on page 19. Because the SAT byte
occurs only once for every 242 user data bytes in a codeword (block) and oniy 9 out of 18 code-
words have an auxiliary data SAT byte, the maximum data rate for the auxiliary data is 1/484

times the rate of the user’s high speed data clock.
6.2.3.4.2.3 Time code - user record Zone

The time code is a 40-bit number representing the count of elapsed time tn increments of 1 milli-
second. This count shall be set to zero at the start of record on a blank tape or synchronized to
IRIG-B time code. This time code is also mapped into the longitudinal data track block as coarse
time code (32 bits) HO through H31 and fine time code (8 bits) JO through J7.

NATO UNCLASSIFIED
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Table 3 - Formatting of ECC codewords (blocks)
Byte No.  Length (bytes) Description
Sub-block #1 1-2 B 2 Sub-block sync
1-2 15 Data
3-17 1 ECC check byte
18 15 Data
19-34 i ECC check byte
35-49 15 Data
50 1 ECC check byte
51-53 3 Data
Sub-block #2 54-55 yA Sub-block sync
56-67 12 Data
68 1 ECC check byte
69-83 15 Data
84 1 ECC check byte
85-99 15 Data
100 1 ECC check byte
101-106 6 Data
Sub-block #3 107-108 2 Sub-block sync
109-117 9 Data
118 1 ECC check byte
119-133 15 Data
134 1 ECC check byte
135-149 15 Data
150 1 ECC check byte
151-159 9 Data
Sub-block #4 160-161 2 Sub-block sync
162-167 6 Data
168 1 ECC check byte
165-183 15 Data
184 1 ECC check byte
185-199 15 Data
200 \ ECC check byte
201-212 12 Data

NATO UNCLASSIFIED
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Table 3 — Formatting of ECC codewords (blocks) [Continued]

Byte No. Length (bytes) Description
Sub-block #5 213-214 2 Sub-block sync
215-264 50 Data
265 1 SAT data

Table 4 — Location of SAT data within each transverse scan track

0Odd Even
code- SAT description code- SAT description
word word
1 Scan track address 2 (MSB) 2 Auxiliary data 8 (MSB)
3 Scan track address 1 4 Auxiliary data 7
5 Scan track address 0 (LSB) 6 Auxiliary data 6
7 Time code 4 (MSB) 8 Auxiliary data 5
9 Time code 3 10 Auxiliary data 4
11 Time code 2 12 Auxiliary data 3
13 Time code 1 14 Auxiliary data 2
15 Time code § (LSB) 16 Auxiliary data 1
17 Reserved 18 Auxiliary data 0 (LSB)

Note: Scan track is equivalent to “transverse scan track™

65.2.3.5 Clock run-down

The clock run-down, and any subsequent sync and data, recorded at the end of a transverse scan
track, as shown in Figure 1 on page 7 and Table 1 on page 9, is identical to the clock run-up, sync,
and data of the following transverse scan track and represents a period of overlap recording. The
clock run-down (37 bytes) is identical to the clock run-up described in Section 6.2.3.2 on page 16.

6.3 ECC encoding

The error correction code (ECC) shall be a Reed-Solomon (85,81) code interleaved to depth 3618
operating in the Galois field GF(256).

The field generator polynorrﬁal is X8+ xt+x° +x%+ 1
where x! are place keeping variables in GF(2), the binary field.
The generator polynomial of the code in GF(256) is

Gx)=(x + I)}(x +a)x + aZ)(x + a°)

UNCLASSIFIED
D - 19

NATO



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Edition 2

where a is given by 02,4 in GF(256).
The parity bytes K3, K, K|, and Kg are given by the equation below:
K(x) = x*D(x)mod G(x) = Kax? + Kox* + Kyx + Ko

where K(x) is the residug of x*D(x) divided by G(x) and where the data polynomial D(x) is

defined as follows:

D(x) = Dgogx®% + Dygx” + ....ec. + Dyx> + Dox? + Dyx + Dy
and the codeword polynomial is given by the following equation:

C(x) = x*D(x) + K(x)

= Dgox® + Dygx® + ... +Dyx% + Dx* + K3x® + Kpx® + Kjx + Ky

6.4 Record data randomization

The data and ECC bytes within the 18 ECC codewords (blocks) comprising the transverse scan
are randomized prior to final formatting and the insertion of the run-up and scan sync. Random-
ization consists of modulo-2 addition of the 51 bytes of data and ECC in each 53-byte sub-block
with the output of a pseudorandom sequence generator (PRSG). The first 2 bytes of the sub-block
consisting of the sub-block sync are not randomized. The algorithm of the pseudorandom
sequence generator, including a print statement outputting the results to a file, is shown below:

#include <stdio.h>

/*

* DCRsi Randomizer - Pseudorandom Seguence Generator
* This program generates the randomizer byte sequence

*/

main ()

{
int cur_bitl8]; /* Bits in current byte*/
int pre_bit([B]; /* Bits in previous byte*/
int cur_byte[51} /* Current byte array*/
int count; /* Byte counter*/

FILE *hex, *fopen();

/* Initialize the first byte to hex “FD” */

cur_bit[0]
cur_bit[1]
cur_bit[2]
cur_bit [3] =

it
H ROk

-

-~
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cur_bit[4]
cur_bit{5]
cur_bit([6]
cur_bit[7]

I

4

1
L;
1
1

r’

cur_bytel[0] = 0x£d;
/* Generate byte sequence */

for {(count = 1; count <= 50; count++)

{

/* Copy current bits to previous bits */

pre_bit[0] = cur_bit[0];
pre_bit[l] = cur_bit[l];
pre_bit[2] = cur_bit[2]);
pre bit([3) = cur_bit[3i;
pre_bit[4] = cur_bit[4];
pre_bit[5] = cur_bit[5];
pre_bit[6] = cur _bit[6];
-pre_bit{7)] = cur_bit[7];

/* Calculate new current bits from previous bits */

cur_bit[0]
cur_bitil]
cur_bit[2]
cur_bit([3]
cur_bit[4]
cur_bit({5]
cur_bit[6]
cur_bit[7]

/* Generate current byte from current

pre_bit[0]
pre_bit[1]
pre_bit2]
pre_bit[3]

= pre_bit[4]
= pre_bit[0]

pre_bit{1]
pre_bit[2]

cur_byte[count] =

NATQ

pre_bit[1]
pre_bit(2]
pre_bit (3}
pre_bit[4]
pre_bit[5]
pre_bit[3]
pre_bit[4]
pre_bit{5]

(cur_bit[0]
|cur_bit[1]
fcur_bit (2]
fecur_bit[3]
|cur_bit (4]
|cur_bit[5]
|cur_bit(6)
[cur_bit[7]

UNCLASSIFIED
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pre _bit{3];
pre_bitf4d];
pre_bit[5];
pre_bit[6];
pre_biti7];
pre_bit[5];
pre_bit[6];
pre_bit[7];

bits */

<<
<<
<<
<<
<<
<<
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/* Write byte sequence to File “rand.h" */

hex

for {(count = 0;

{

fprintf (hex,

}

fclose (hex);

exitc (0);

}

" %x

count <= 51;

fopen (*rand.h”,"w");

count++)

$x\n”, cur_byte[count], count};

The pseudorandom sequence generator is seeded such that its output has the value FD;g when
coincident with the third byte of each sub-block.

The 51-byte sequence from the pseudorandom sequence generator with corresponding sub-block
byte numbers is shown in Table 5 on page 22.

Table 5 — Pseudorandom sequence generator (51 bytes)

S| prsc | et | s | UG | PRSG | og | PRSG
byte m(xhrx;:;e r byte m(lhn;;))e r byte m(l:; )i:)e d byte m(x:; :; r
no. no. no. no.
3 FD 16 FE 29 7F 42 BF
4 BC 17 DE 30 6F 43 B7
5 D5 18 6A 31 35 44 9A
6 25 19 g2 32 49 45 A4
7 13 20 89 33 44 46 A2
8 38 21 9C 34 CE 47 67
9 Cc3 22 61 35 30 48 18
10 BA 23 DD 36 EFE 49 77
11 10 24 08 37 84 50 42
12 S5A 25 2D 38 16 51 OB
13 7C 26 3E 39 9F 52 4F
14 0D 27 06 40 03 53 81
15 8A 28 C5 41 62 - -
NATO  UNCLASSIFIED
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6.5 Transverse scan track pre-record zone

The pre-record zone is the area recorded on tape preceding the user record zone. The transverse
scan track pre-record zone consists of 3996 transverse scan tracks in which the SAT byte at the
end of each ECC codeword (block) is different from that during the user record zone. This is

shown in Table 6 on page 23.
Table 6 - SAT data for pre-record zone

Odd Even

code- SAT description code- SAT description

word word
1 Zone flag & count msn o 2 Setto ASyg
3 Count Isn & STA msn 4 Setto AS g
5 STA LSB 6 Setto A5 ¢
7 Set to 0044 : 8 Setto A4
9 Scan track address 2 (MSB) 10 SettoAdyg
11 Scan track address 1 12 Setto AS¢
13 Scan track address 0 (LSB) 14 Setto A5 ¢
15 Set to 00,4 16 Setto A5,
17 Check sum 13 Setto AS

The pre-record zone is identified by a zone flag, either D¢ or E}¢ inserted in nibble 5 (the msn of
scan address 2 in the user record zone SAT) as show in Table 7 on page 23. The zone flag is ni-
tially set to D¢ but changes to Eg for the last 100 (64¢) scan counts. The scan track address is
incremented from a number, representing the user record start scan track address minus 3996, to
the user record start scan track address at which time the user record zone commences. For the
initial record session on each tape the scan track address in the pre-record zone represents a nega-

trve value.

Table 7 — SAT of codewords 1, 3, and 5 for pre-record zone

Codeword 1 SAT Codeword 3 SAT Codeword 5 SAT
msn Isn msn Isn msn Isn
Zone flag Scan count Scan track address
nibble msn Isn msn mid nibble Isn
D¢ Set to 0044 ‘ 12 LS bits of scan track address
L Eg Count down 644 to 001¢ 12 LS bits of scan track address

NATQ UNCLASSIFIED
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6.5.1 Codeword 1 SAT byte

Codeward 1 SAT byte contains the zone flag in its msn and the count msn in its Isn as shown in
Table 7 on page 23. At the start of the pre-record zone the zone flag 1s set to D, and the count
msn is set to 0. When the scan track address reaches 100 scans prior to the start of the user
record zone the scan count is set to 64;¢ and the zone flag is changed to E 4. The scan count then
counts down until the count is 00, at which time the user record zone is reached.

6.5.2 Codeword 3 SAT byte

Codeword 3 SAT byte contains the scan count Isn in its msn and the scan track address bits 11 - 8
in its Isn as shown in Table 7 on page 23. Scan track address bits 11 - 8 are identical to those bits
of the 24-bit scan track address. In the first record on a blank tape the scan track address is nega-
tive and the location of record is determined by the beginning of tape (BOT). The scan count isn
is initially set to O¢ as for codeword 1 SAT byte and follows the same rules as outlined in

Section 6.5.1 on page 24.
6.5.3 Codeword 5 SAT byte

Codeword 5 SAT byte contains the scan track address bits 7 - 4 in its msn and the scan track
address bits 3 - 0 in its lsn as shown in Table 7 on page 23. Scan track address bits 7 - 0 are 1den-
tical to those bits of the 24-bit scan track address. In the first record on a blank tape the scan track
numbers are negative and the location of record is determined by the beginning of tape (BOT).

6.5.4 Codeword 7 SAT byte
Codeword 7 SAT byte is set to 00y.

6.5.5 Codeword 9 SAT byte

Codeword 9 SAT byte is the MSB of the 24-bit scan track address recorded in the Codeword 1
SAT byte in the user record zone.

6.5.6 Codeword 11 SAT byte
Codeword 11 SAT byte is the middle byte (bits 15 - 8) of the 24-bit scan track address recorded in

the Codeword 3 SAT byte in the user record zone. During the pre-record zone, the 4 least signifi-
cant bits (bits 11 - 8) of the middle byte of the 24-bit scan track address are duplicated in the code-

word 3 SAT byte.

6.5.7 Codeword 13 SAT byte

Codeword 13 SAT byte is the LSB of the 24-bit scan track address recorded in the Codeword 5
SAT byte in the user record zone. During the pre-record zone, the LSB (bits 7 - 0) of the 24-bit
scan track address is duplicated in the codeword 5 SAT byte.

6.5.8 Codeword 15 SAT byte

Codeword 15 SAT byte is set to 00,¢.

6.5.9 Codeword 17 SAT byte

Codeword 17 SAT byte is the check sum for the odd-numbered codeword SAT bytes 1 through 135.

NATO UNCLASSIFIED
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6.5.10 Codewords 2, 4, 6, 8,10, 12, 14, 16, and 18 SAT bytes

Even-numbered codeword SAT bytes are all set to A5,¢ and replace the auxiliary data bytes in the
user record zone.

6.6 Transverse scan track post-record zone

The post-record zone of the transverse scan track is the area recorded on tape following the user
record zone. The post-record zone consists of 2955 transverse scan tracks in which the SAT byte
at the end of each ECC codeword (block) is different from that during the user record zone. This is

shown in Table 8 on page 25:

Table 8 — SAT data for post-record zone

0dd Odd

Code- SAT Description Code- SAT Description

word word
i Zone flag & scan count msn 2 Set to AS¢g
3 Scan count Isn & STA msn 4 Setto ASyg
5 STALSB 6 Setto A5
7 Set to 00,4 8 Setto Ay
9 Scan track address 2 (MSB) 10 Setto Adq4
11 Scan track address 1 12 Set to ASyg
13 | Scan track address O (LSB) 14 | Setto AS)g
15 Set to 0044 16 Setto ASg
17 Check sum 18 Setto Adyg

The post-record zone is identified by a zone flag F¢ inserted in nibble 5 (the msn of scan address
2 in the user record zone SAT) as shown in Table 9 on page 25. The scan track address is incre-
mented from O to 2955 at which time the record session is terminated.

- Table 9 — SAT of codewords 1, 3, and 5 for post-record zone

Codeword 1 SAT Codeword 3 SAT Codeword 5 SAT
msn Isn msn Isn msn Isn
Zone flag Scan count Scan track address
nibble msn Isn msn mid nibble Isn
Fig | Set to 004 12 LS bits of scan track address

NATOQ UNCLASSIFIED
D - 25



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Bditien 2

6.6.1 Codeword 1 SAT byte

Codeword 1 SAT byte contains the zone flag in its msn and the count msn in its Isn as shown in
Table 9 on page 25. At the start of the post-record zone the zone flag is set to Fg. Durng the

post-record zone the scan count msn is set to 0,¢ and remains at that value.

6.6.2 Codeword 3 SAT byte

Codeword 3 SAT byte contains the count Isn in its msn and the scan track address bits 11 -8 inits
1sn as shown in Table 9 on page 25. Scan track address bits 11 - 8 are identical to those bits of the
24-bit scan track address. During the post-record zone the scan count Isn is set to 044 and remains

at that value.

6.6.3 Codeword 5 SAT byte

Codeword 5 SAT byte contains the scan track address bits 7 - 4 in its msn and the scan track
address bits 3 - 0 in its Isn as shown in Table 9 on page 25. Scan track address bits 7 - 0 are identi-

cal to those bits of the 24-bit scan track address.
6.6.4 Codeword 7 SAT byte
Codeword 7 SAT byte is set to 00.

6.6.5 Codeword 9 SAT byte

Codeword 9 SAT byte is the MSB of the 24-bit scan track address recorded in the Codeword 1
SAT byte in the user record zone.

6.6.6 Codeword 11 SAT byte
Codeword 11 SAT byte is the middle byte (bits 15 - 8) of the 24-bit scan track address recorded in

the Codeword 3 SAT byte in the user record zone. During the post-record zone, the 4 least signifi-
cant bits (bits 11 - 8) of the middle byte of the 24-bit scan track address are duplicated in the code-

word 3 SAT byte.

6.6.7 Codeword 13 SAT byte

Codeword 13 SAT byte is the LSB of the 24-bit scan track address recorded in the Codeword 5
SAT byte in the user record zone. During the post-record zone, the LSB (bits 7 - 0) of the 24-bit
scan track address is duplicated in the codeword 5 SAT byte.

6.6.8 Codeword 15 SAT byte

Codeword 15 SAT byte is set to 00,4

6.6.3 Codeword 17 SAT byte

Codeword 17 SAT byte is the check sum for the odd-numbered codeword SAT bytes | through 15.
6.6.10 Codewords 2, 4, 6, 8,10, 12, 14, 16, and 18 SAT bytes

Even-numbered codeword SAT bytes are all set to A5 and replace the auxiliary data bytes in the

user record zone.
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6.7 Record data precoding

Randomized formatted record data shall be Class IV partial response precoded. The precoder
shall have an impulse response of:

/(1 ® D%

This is functionally shown in Figure 6 on page 27, where the blocks marked “D” are single bit
delay elements and the symbol “®” represents modulo-2 addition of the formatted and random-

ized data in signal and the 2-bit-period delayed precoded record data cut signal.

Precoded record data out

Formattad and o
randomized data in + ® {0 linear record ampliifier

D =D

Figure 6 — Record data precoding

6.8 Pilot
6.8.1 Pilot frequency

A pilot of frequéncy fp shall be linearly added to the formatted and precoded transverse scan
record data prior to recording on tape, where fp is determined by the relationship:

fp = (51 X Scanner speed in rps X 5) / 1000 kHz

6.8.2 Pilot amplitude

The pilot shall have a peak-to-peak amplitude of 7% of the formatted and precoded transverse
scan data record signal prior to recording on tape.

6.8.3 Pilot phase

In record, the phase of the pilot relative to the start of runup for head 1 shall be +6.0° +5.0° and
referred to the record leakage flux. This phase relationship is shown in Figure 7 on page 27:

— l-.. Pilot phase = +6°

L RUNUP (37 BYTES i SYNC & DATA

180~ 3"

Figure 7 — Pilot phase in record
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6.9 Magnetization

6.9.1 Polarity

The recorder shall operate in reproduce without regard to the polarity of data flux during record
on the transverse tracks, however it shall be dependent upon the pilot phase.

6.9.2 Record equalization

usted to minimize the non-linear intersymbol interference of
the record channel by minimizing the ripple, at the sample points on the spectral response charac-
teristic for Class IV partial response, of the playback of a recorded 127-bit pseudorandom number
sequence. The Class IV partial response pulse spectrum, as measured at the output of the play-
back equalizer, previously adjusted with a standard alignment tape, is shown in Figure 8 on page

28.

The record equalization shall be adj

6.9.3 Record current level

The optimum record current shall be at that fevel which produces a maximum output on playback,
at the frequency that is 3/4 of the Nyquist frequency, of a recorded 127-bit pseudorandem number
sequence. Refer to Figure 8 on page 28. Optimization of the record current level should be done

using either a previously recorded, erased or degaussed tape.

Amplitude

Y

o -—- - = = -

0 0.125 0.25 0.375 0.5
Record lavel Nyquist
optimization fraquency

frequency

Normalized frequency {1/T)

Figure 8 — Class IV partial response pulse spectrum
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6.10 Control track
6.10.1 Record method

The control track shall be recorded using the saturate record (no bias) method.

6.10.2 Signal

The control track servo reference signal, at the time of recording, shall be a series of square waves
representing the scanner tachometer signal. The period of the control track square wave signal

shall be 1000 = (scanner rps) milliseconds.
6.10.3 Flux polarity

During the time interval A of the record, the polarity of the recorded flux, immediately following
the positive transition of the control track signal, shall be such that the south pole of the magnetic
domains point in the direction of normal tape motion. During time interval B, immediately fol-
lowing the negative transition of the control track signal, the north pole shali be similarly orien-
tated. The negative-to-positive transition of the control track signal shall occur at the midpoint of

the head ! record RF signal as shown in Figure 9 on page 29.

Contral / ‘ | \ /—:

track / \ / o
e— Tima interval A—OJ—— Tima interval B —

Recorded =TT 5Tn 515 nis NIJ 15 Als NIN SIN ST/ I SIN SI5 N

flux

et
Tape motion

Scanner Head | Head | Head | Head.[ Head { Head | Head | Head | Head
head RF 5 6 1 2 3

Figure 9 — Control track signal and phasing

6.10.4 Flux level
The peak recorded flux level shall be greater than 145 nWb/m of the track width.

6.10.5 Position

The control track shall be recorded on the tape at a point relative to the transverse scan track as
defined by dimension P in Figure 2 on page 8.
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7 lLongitudinal data track

This section of the standard specifies the content, format, and modulation method of the longitudi-
nal data track for DCRsi digital instrumentation cartridges. Track dimensions and locations are
specified in Figure 1 on page 7 and Table 1 on page 9. Details of the longitudinal data track block
£or the user record zone are shown in Figure 10 on page 31. Each block shall be comprised of 48
incremental motion sub-blocks or 24 search blocks. A search block is therefore comprised of 2
incremental motion sub-blocks as shown in Figure 10 on page 31. Each incremental motion sub-
block shall contain 12 bytes and each search block 24 bytes. The 24 bytes (192 bits) of each
search block are used for the synchronization and messages shown in Table 10 on page 32. The
bit period of the longitudinal data track shall be equal to the period of 2 transverse scan tracks.
Details of the differences in the longitudinal data track block for the pre-record zone and the post-
record zone are described in Section 7.13 on page 39 and Section 7.14 on page 39 respectively.
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(48 Incremental motion sub-blocks)

‘

(i3 3T 0s [s I7 [ Jo fuo]ue [ez [3Jea [rsJus Ju7 1 os [ao a1 a2 1oy fad a3 Jas 27 Tai [o 156 ot [52 3 |34 pa [26 BT [ia oo fao [araz fuo has 48 s a7 Jut ]

I

(24 Search blocks)

[li:]:|1[sIalv]:|-[lo[::[:z]u[u]ls[:sln||t{:c]1ofn]uln[u]
e Search block (24 bytes) -
b BIT ASSIGNMENTS =) ey BIT ASSIGNMENTS ot
b0 [bl |b2]b3 |b4 b5 |b6 b7 bO | bi- b3 1b4 |bS|bs|b7
[ SYNC - SYNC
Bytel |y |7 |2 |1 {7 )1 1 |12 Bywe13 | 1|1 Pjijr)1]1
YNC|MOTION SEQUENCENQ, | RESERVED TNC [MOTION SEQUENCE NO. | RESERVED
Byte 2 0 |AO|Al A2 |A3 |BO|Bl|B2 Byte 14 | 0 { AD A2)A3|BO|Bl{B2
Y NC SEARCH BLOCK L D. NO. EBOE RSVD YNC SEARCH BLOCK L D. NO EDE RIVD
Byte3 |0 |poiD1|D2|D3|D4|E0}E3 Byte 15 | 0 |DO D2 |D3 | D4 E0 | B3
[SYNC]LDG 7575 DATA FINE SCAN ADDRESS YNC FINE TIME CODE
Byte 4 0 ]GO IGYLG2 KO KL K2 K3 ~ Byte 16 [738 W 11] 2113114115716
g 5
'g YNC| LOG /5YS DATA FINE SCAN ADDRESS : E¥YNC| FTC COARSE TIME CODE
St g
- Byte 5 0 |G3|G4]G5|Ka |KS5|K6{K7 x Byte 17 | 0 |17 H1[H2 | H3 |H4 |H5
=] =) ‘
-ﬁ; BYNC[LOG/S5YS DATA |COARSE SCAN ADDRESS] :?- EYNC COARSE TIME COOE
0
S Bye6 |0 |cs|lcr|cs|Fo|rr{F2B| 3 Byte18 | 0 |He|H7|H8 |HY HIOHII[HI2
= c
e EYNC|LOG /5Ys DATA | COARSE SCAN ADDRESY k=l I COARSE TIME CODE
g Byte 7 0 1G91G10|lG1i|F4 {F5 | F6 | F7 g Byte 19 | 0 HI3HI4{H15HI6HI?[H18[H19
'g BYNC| LOG /SYS DATA |COARSE SCAN ADDRESS ‘E YNC COARSE TIME CODE
£ Byte8 |0 (G12G13|G14{ F8 | F9 |[F10|F11] 2 Byte20 | 0 |H20|H21|H22|H23/H24jH25|H26
4 M .
i
g EYNC] LOG 7575 DATA |COARSE SCAN ADDRESS E YNC|  COARSE TIME CODE WR FMT
T Byte9 | g {GisjGiéjat7lFiz[F13|Fia|F15] T Byte 21 | 0 jH27lH28{H29|H30H31| Lo | L1
YNC USER LOG / SYSTEM DATA EYNC] WR RESERVED fJLSD
Byte 10 | 0 [G18|319|G20|G21[G22|G231524 Byte22 1 g |12 Mo M1 M2 M3 G322
YNC USER LOG /STSIEM DATA EYNC “USER LOG | STSTEM DATA
Bytc 11 0 1G25[G261G27|G281G29{G30|G31 Byte 23 0 [G331G34|G35|G36|G37|G38|G39
EYNE CHECK SUM EYNC CHECK SUM
Byte12 |0 {0l |C2|C3|CcalCs5iCe Byte 24 [t e 2B ICAC51C6

Figure 10 - Longitudinal data track block
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Table 10 - Search block synchronization and messages

Message Length Occurrence
Synchronization 19 bits Incremental motion block
Motion sequence number 4 bits Incremental motion block
Search block L.D. number 5 bits Incremental motion block
Sub-block number 1 bit Incremental motion block
User log data 800 bits Longitudinal data block
System data 160 bits Longitudinal data block
Coarse scan address 16 bits Search block
Fine scan address 8 bits Search block
Coarse time code 32 bits Search block
Fine time code 8 bits Search block
Check sum 7 bits Incremental motion block
Reserved 4 bits Incremental motion block
Reserved 8 bits Search block

7.1 'Synchronization

The search blocks shall be synchronized by setting byte | and byte 13 to FF 4 and bit O of the
remaining 22 bytes of the search block to 0, as shown in Table 11 on page 32 and Figure 10 on

page 31.
Table 11 — Synchronization

f Search block Isb Bit assignments msb
bytenumber o | b1 | b2 | b3 | b4 | b5 | b6 | b7 Value
1,13 1 ! 1 1 1 1 1 1 All bits set to /
2-12,14-24 0 * * * * * * * BitbO setto 0

7.2 Motion sequence number

The motion sequence number (A0 — A3) shall be a 4-bit count, 0 - 15, incremented at each incre-
mental motion sub-block to facilitate playback of append recordings. At the start of a record ses-
sion, the motion sequence number shall be set to O for the first incremental motion sub-block in
the user record zone. At the start of an append record, the motion sequence number shall incre-
ment by one from that of the last sub-block prior to the append record. The motion sequence
number shall be inserted in byte 2 and byte 14 of the search block as shown in Table 12 on page

33 and Figure 10 on page 31.
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Table 12 - Motion sequence number

Bit assignments msb Range of

Search block Isb
values (hex)

byte number b0 bl b2 b3 b4 b3 bé b7
2,14 0 | A0 | Al | A2 | A3 | = * * 0-F

7.3 Search block identification number '

The search block identification number (DO — D4) shall be a 5-bit count, 0 — 23, incremented at
each search block boundary. The count shall be set to zero for the first and second incremental
motion sub-blocks at the start of each longitudinal data block. The search block identification
number shall be inserted in byte 3 and byte 15 of the search block as shown in Table 13 on page

33 and Figure 10 on page 31.
Table 13 - Search block identification number

Search block | Isb . Bit assignments msb Range of
byte namber bo bl b2 b3 b4 b3 b6 b7 values (hCX)
3,15 0 DO D1 D2 [ D3 D4 * * 0o - 17

7.4 Sub-block odd/even (SBOE)

The sub-block odd/even bit (EO) shall be set to indicate whether the motion sub-block number is
either even or odd with 0 indicating an odd sub-biock and 1 indicating an even sub-block. This bit
shall be set in byte 3 and bytel5 of the search block as shown in Table 14 on page 33 and

Figure 10 on page 31.
Table 14 — Sub-block number

Search block | Isb Bit assignments msb Valye
bytenumber | pg | b1 [ b2 | B3 | b4 | bS5 | b6 | b7
3 0 * * * * * 0 * bit b6 set to 0
15 0 * * * * * ] * bit b6 set to /

7.5 User log/system data (ULSD)

The user log/system data shall comprise 960 bits (120 bytes) per longitudinal data block consist-
ing of 800 bits (100 bytes) of user log data and 160 bits (20 bytes) of system data as detailed in
Section 7.5.1 on page 34 and Section 7.5.2 on page 35 respectively. There are therefore 40 user
log/system data bits per search block identified as bits GO — G39.
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gitudinal data block or 5 bytes (40 bits) for
The first 5 user log data bytes shall be inserted into
f 5-byte sequences inserted into subsequent

Tahle 15 — Distribution of user log data in longitudinal data block

User log data Search block User log data Search block
byte number number byte number number
1-5 3 51-55 13
6-10 4 56 - 60 14
11-15 5 61 - 65 15
16 - 20 6 66 - 70 16
21-25 7 71-75 17
26 - 30 8 76 - 80 18
31-35 9 81-85 19
36 - 40 10 86-90 20
4] -45 11 91-95 21
46 - 50 12 96 - 100 22

The 5 bytes (40 bits) of user log data (d0 - d39) shall be inserted into bytes 4-11,22, and 23 of

the appropriate search blocks as shown in Table 16 on page 34.

Table 16 — User log data in search blocks 3 - 22

D - 34

Search blm’:kj Isb Bit assignments msb User log

bytenumber | po [ b1 | b2 | b3 | b4 | b5 | b6 | b7 data
4 0 lco |Gl g2 *= | * * * do - d2
5 0o | G3 | Galaos | = | = * * d3 - ds
6 0 | g6 | g7 |8 | = | * * * d6 - d8
7 0 | g0 [Glo|oi| = | * * * d9 - dil
8 0 | Gl2|GI3!Gla] * | = * * d12 -d14
9 0 |Gi15|Gi6| G171 | * | = * * d15 -d17
10 0 1Gig |l Glo| G0l Gz |G| Gz |G| dig-d24
11 0 | G2s | Ga6 | G27 | G28 | G29 | G30 | G31 425 - d31
22 0 * . * = | o» * | G32 d32
23 0 | G33 | G34 | G35 | G36 | G37 | G38 | G39 |  d33-d39
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7.5.2 System data

The system data shall be of length 20 bytes per longitudinal data block or 5 bytes (40 bits) for
search blocks 1, 2, 23, and 24. The first 5 system data bytes shall be inserted into search block
number 1 and subsequent groups of 5-byte sequences inserted into the search blocks 2, 23, and 24

as shown in Table 17 on page 35.

Table 17 — Distribution of system data in longitudinal data block

System data Search block
byte number number
1-5 1
6-10 2
11-15 ' 23
16 -20 24

The 5 bytes (40 bits) of system data (d0 - d39) shall be inserted into bytes 4 - 11, 22, and 23 of
each search block as shown in Table 18 on page 35 and Figure 10 on page 31.

Table 18 — System data in search blocks 1, 2, 23, & 24

( Search block Isb . Bit assignments msb System
byte number b0 bl b2 b3 b4 bs bé b7 data
4 0 GO | Gl G2 * * * * d0 - d2
5 0 G3 | G4 | G5 * * * d3 -d5
6 0 G6 | G7 | G8 * * * * dé - d8
7 0 G9 | GI0 | GlI * * * * d9 - dl1
8 0 Gl12 | Gi13 | G14 * * * * di2z-dil4
9 0 G15 | Gl6 | G17 * * * * d1s5-d17
10 0 Gi18 | G19 | G20 | G21 | G22 | G23 | G24 dig -d24
11 0 G25 | G26 | G27 | G28 | G29 | G30 | G31 d25 - d31
22 0 * * * * * * G32 d32
L 23 0 | G33 ]G3 | G35 } G36 L G37 { G38 | G39 d33 -d39
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7.6 Coarse scan address

The coarse scan address (FO ~ F15) shall be the upper 2 bytes (4 nibbles) of a 24-bit count repre-
senting the number of scan tracks recorded on tape. This count shall be reset to zero at the start of
record on a blank tape. In an append record the count shall increment from the last scan address
of the previous record. The 2 upper bytes of the scan address shall be inserted into bytes 6 - 9 of

the search block as shown in Table 19 on page 36 and Figure 10 on page 31.

Table 19 — Coarse scan address

Isb Bit assignments msb Range of

Search block
values (hex)

bytenumber | o | b1 | b2 | b3 | b4 | b5 | b6 | b7
x| = x | F0 | F1 | F2 | F3 | 0-F (lsm)
= | + | Fa | Fs | F6 | F1 | O-F
| « | F8 | F9 | FI0 | F11 | O-F
. | s + | Fl2 | F13 | Fl14 | FI5 | 0-F (msn)

6
7
8
9

S|lQlolo

7.7 Fine scan address

The fine scan address (KO — K7) shall be the lower byte (2 nibbles) of a 24-bit count representing
the number of scan tracks recorded on tape. This count shall be reset to zero at the start of record
on a blank tape. In an append record the count shall increment from the last valid count obtained
during playback. The lower byte of the scan address shall be inserted into bytes 4 and 5 of the

search block as shown in Table 20 on page 36.

Table 20 — Fine scan address

isb Bit assignments msb Range of

Search block
values (hex)

byte number } o ! p1 | b2 | b3 | bd | b5 | b6 | b7
* * * Ko | XK1 | K2 | K3 0-F (lsn)
* * *x | Ka | K5 | K6 | K7 | 0-F (msn)

NATO UNCLASSIFIED
D - 36



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Edition 2

7.8 Coarse time code (CTC)

The coarse time code (HO - H31) shall be the upper 4 bytes (32 bits) of a 40-bit count represent-
ing etapsed time in increments of 1 millisecond. This count shall be reset to zero at the start of
record on a tape or synchronized to IRIG time code. The 4 upper bytes of the time code shall rep-
resent elapsed time in increments of 0.125 seconds and shall be inserted into bytes 17 - 21 of the

search block as shown in Table 21 on page 37 and Figure 10 on page 31.

Table 21 — Coarse time code

Search block | ISP Bit assignments msb Range of
byte number b0 b1 b2 b3 b4 b5 b6 b7 values (hex)
17 0 * HO H1 H2 H3 H4 H5 (Is 6 bits)
18 0 Hé6 H7 HS8 H9 | H10 | H11 | HI12
19 0 Hi3 | H14 | HI15 | Hi6 | H17 | H18 | H19 | O - FFFFFFFF
20 0 H20 | H21 | H22 | H23 | H24 | H25 | H26
21 0 | H27 | H28 { H29 | H30 | H31 | * * (ms 5 bits)

7.9 Fine time code (FTC)

The fine time code (JO — J7) shall be the lower byte (8 bits) of a 40-bit count representing elapsed
time in increments of 1 millisecond. This count shall be reset to zero at the start of record on a
blank tape or synchronized to IRIG time code. The lower byte of the time code shall represent
elapsed time in increments of 1 milliseconds and shall be inserted into bytes 16 and 17 of the
search block as shown in Table 22 on page 37 and Figure 10 on page 31. The fine time code count
is 0 - 124 representing a maximum count of 125 milliseconds or 1/8 of a second. The msb (J7) of

the fine time code shall be set to zero.

Table 22 - Fine time code

1sb Bit assignments msb Range of

Search block
values (hex)

byte number bo bl b2 b3 b4 b5 b6 b7

16 0 JO gl J2 I3 14 I5 16 0-7C

17 0 7 * * * * * * I7=0

7.10 Write format

The write format (LO ~ L3) shall be a 4-bit number indicating the type number of the machine
which made the record. The two least-significant bits, L0 and L1, are inserted into bits b6 and b7
respectively of search block byte number 21 and the two most-significant bits, L2 and L3, are
inserted into bits b1 and b2 respectively of search block byte number 22 as shown in Table 23 on

page 38.
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Table 23 — Write format
Isb Bit assignments msb

Search block Oceurrence
bytenumber | po | b1 | b2 | b3 | b4 | b5 | b6 | b7

21 0o | * * * * * | LO | L1 | Searchblock

22 L2 L3 * * * * * Search block

The type number of the machine shall be set as shown in Table 24 on page 38. Refer also to

Annex B.

7.11 Check sum (CS)

Table 24 — Type numbers

Type LD 11 12 L3
1 0 0 0
2 0 0 0
3 I 1 0 0
4 0 0 1 0
3 1 0 1 0

The check sum (CO — C6) shall be calculated as the 7 msb's (bits 1 - 7) of the 8-bit sum of bytes 2
though 11 for odd-numbered incremental motion blocks and of bytes 14 through 23 for even-
numbered incremental motion blocks. If bit 7 (msb) of the check sum is 1 then the check sum
shall be complemented. Bit O of the 8-bit sum shall be discarded. The resulting 7-bit check sums
shall be inserted in bytes 12 and 24 for the odd-numbered and even-numbered incremental motion

blocks respectively as shown in Table 25 on page 38 and Figure 10 on page 31.

Table 25 — Check sum

Search block Isb Bit assignments msb
byte number Remarks
¥ b0 | bl | b2 | b3 | b4 | b5 | b6 | b7
12 0o | co [ c1|Cc2]|cC3 41 C5| C6 | ifCSmsb=0
0 CO | CL | C2!C3|C4a|C5|C6| ifCSmsb=/
24 0 | col ci|c2ic3ica|C5|Cé6| ifCSmsb=0
0 | co|cL|g2|C3|Ce|C5|C6| ifCSmsb=]
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7.12 Reserved bits (RSVD)

A total of 12 bits per search block shall be reserved as shown in Table 26 on page 39. Reserved
bits BO — B3 occur at the incremental motion sub-block rate whereas reserved bits MO — M3 occur

at the search block rate.

Table 26 — Reserved bits

Search block Isb Bit assignments msb o
courrence
bytenumber | 34 | b1 | b2 | b3 | b4 | b5 | b6 | b7
2,14 0 * * * * BO Bl B2 Sub-block
3,15 g * * * * * * B3 Sub-block
22 0 * * MO | M1 | M2 | M3 * Search block

7.13 Longitudinal data track — pre-record zone

The pre-record zone is the area recorded on tape preceding the user record zone. The longitudinal
data track pre-record zone data are mapped similarly to that for data in the user record zone with
the exception of the 5 bytes of time code. In the user record zone the time code (40 bits) is config-
ured as 4 bytes (32 bits, HO - H31) of coarse time code (CTC) and 1 byte (8 bits, JO - J7) of fine
time code (FTC). In the pre-record zone, mapping for these 5 bytes is dependent upon the longi-
tudinal write format data which are imbedded in each search block and specify the machine type
as shown in Section 7.10 on page 37. There are two possible mappings of the time code field as
shown in Table 27 on page 39. In all cases the most significant nibble of the coarse time code

~ field is set to the approprate zone flag D¢ or E1¢ as specified for the transverse scan track pre-

record zone. In Type 1, the coarse time code bytes are set to 00,4, whereas in Types 2 - 5, the 24-
bit start-of-user-record scan track address is mapped into the 3 least significant bytes of the coarse

time code.

Table 27 — Time code field mapping — pre-record zone

Write CTC CTC CTC CTC FTC
format byte 4 byte 3 byte 2 byte 1 1 byte
type {hex) (hex) (hex) (hex) (hex)
Type | DO 00 00 00 00
1 EO 00 00 00 00
Types Do 24-bit start-of-user-record scan address 00
2-5 EOQ 24-bit start-of-user-record scan address 00

7.14 Longitudinal data track — post-record zone

The post-record zone is the area recorded on tape following the user record zone. The longitudi-
nal data track post-record zone data are mapped similarly to that for data in the user record zone
with the exception of the 5 bytes of time code. In the user record zone the time code (40 bits) is
configured as 4 bytes (32 bits, HO - H31) of coarse time code (CTC) and 1 byte (8 bits, JO - J7) of
fine time code (FTC). In the post-record zone, mapping for these 5 bytes is dependent upon the
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imbedded in each search block and specify the machine
type as shown in Section 7.10 on page 37, There are therefore two possible mappings of the time
code field as shown in Table 28 on page 40. In both cases the most significant nibble of the coarse
time code field is set to the zone flag F1g. In Type 1, the coarse time code bytes are set to 0044,
whereas in Types 2 — 5, the 24-bit end-of-user-record scan track address is mapped into the 3 least

significant bytes of the coarse time code.

longitudinal write format data which are

Table 28 — Time code field mapping — post-record zone

Write CTC CTC CTC ' CTC FTC
format byte 4 byte 3 byte 2 byte 1 1 byte
type (hex) (hex) (hex) (hex) (hex)
Type 1 FoO 00 00 00 00
Types2 -5 FO 24-bit end-of-user-record scan address 00

7.15 Record data sequence

Formatted longitudinal data shall be output to the bi-phase mark encoder in the sequence shown in
Figure 10 on page 31 where search block 1, byte 1, is the first recorded to tape. For each byte in
the sequence the least significant bit shall be recorded first.

7.16 Method of encoding

The formatted longitudinal data shall be bi-phase mark encoded prior to recording on tape.

7.17 Method of recording

Data are recorded using the saturate record (no bias) method.

7.18 Flux level
7.18.1 Saturate record method

The peak-to-peak recording current shall maximize the playback signal at a recorded wavelength
of 87.3 um (0.0034 in).

7.19 Relative position

Longitudinal data track information shall be recorded on the tape at a point relative to the trans-
verse scan track as defined by dimension P in Figure 2 on page 8 and Table 1 on page 9.
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8 Magnetic tape

8.1 Overview

This section of the standard specifies the principal properties of the magnetic tape used for the
DCRsi instrumentation digital cartridge tape format.

8.2 Measurement environment
8.2.1 Dimensions
Dimensions are in the metric system.

8.2.2 Atmospheric conditions

Tests and measurements made on magnetic tape to check the requirements of this standard shall
be made under the following atmospheric conditions unless otherwise stated:

Temperature: 20°C £1°C (68°F £ 2°F),
Relative humidity: 50% % 2%;
Barometric pressure: 96 kPa +10 kPa (13.93 £1.45 psi).
8.2.3 Tape stock conditioning |
Conditioning of the tape stock before recording and testing shall be as follows:
Storage conditioning: Not less than 24 hours;
Environmental: Stabilized to the conditions specified in Section 8.2.2 on page 41,

Tape tension: Wound on a reel at a nominal tension of 2.8 N (10.07 ozf).

8.3 Tape specification

8.3.1 Basefilm

The basefilm material shall be polyester or equivalent.

8.3.2 Width

The tape width shall be 25.349 £ 0.050 mm (0.998 £0.002 in)

8.3.2.1 The tape, covered with a glass plate shall be measured without tension at a minimum of

five (5) equally-spaced positions over any random 30 cm (11.8 in) length of the tape using a cali-
brated microscope or profile projector having an accuracy of at least 2.5 um (98.4 pin). Tape

width is defined as the average of the five (5) readings.

NATO UNCLASSIFIED
D - 41



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Edition 2

B.3.3 Delta width

Delta width (width fluctuation) shall be measured over 30 cm (11 .8 in) and will b; dctem}ined by
the difference in the maximum width found minus the minimum width found. This variation shall

pe less than 0.100 mm (0.0039 inj).

8.3.3.1 Longitudinal curvature. The tape longitudinal curvature shall not exceed 100 um peak-
to-valley.

8.3.3.2 The tape shall be measured with a uniform tensile force of 2.1 N (7.5 ozf) over a length
of 30 cm (1 1.8 in) using a calibrated microscope or profile projector having an accuracy of at least

2.5 pm (98.4 Win).
8.3.4 Tape thickness
The tape thickness shall be between 18.5 um (0.728 X 10 in) and 22.5 prn (0.886 x 10~ in).

8.3.4.1 The polyester base film thickness shall be between 13.75 um (0.541 X 102 in) and
16.75 pm (0.659 x 1073 in).

8.3.4.2 The oxide coating thickness shall be between 4.25 um (0.167 X 103 in) and 5.5 pm
(0.216 x 107 in).

8.3.4.3 The back coating thickness shall be between 0.5 pum (0.019 x 163 in) and 1.1 pm
(0.043 x 107 in).

8.3.5 Out-of-plane distortions

Out of plane distortions are local deformations that cause portions of the tape to deviate from the
plane of the surface of the tape. Qut-of-plane distortions are most readily observed when the tape

is lying on a flat surface under no tension. All visual evidence of out-of-plane distortion shall be
removed when the tape is subjected to a uniform tension of 0.8 N £ 0.04 N (2.9 ozf £ 0.01 ozf).

8.3.6 Leaders and trailers

The cartridge shall not include leader and trailer tape.
8.3.7 Splices

No splices shall be allowed on the magnetic tape.
8.3.8 Elongation yield strength

Yield strength shall be greater than 37.8 N (8.5 1bf).

8.3.8.1 The force to produce 5% tangential elongétion of a 200 mm (7.875 in) test sample with
a pull rate of 20 mm (0.787 in) per minute shall be used to confirm the elongation yield strength.

8.3.8.2 The initial tangential slope is extended and read at 5% elongation.

8.3.9 Magnetic coating

The magnetic tape used should have a coating of cobalt doped gamma-ferric oxide magnetic par-
ticles or equivalent.
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8.3.8.1 The coating coercivity in the transverse direction shall be a class 700 oersted coating,
as measured by a 50 or 60 Hz BH meter. :

8.3.9.2 The coating retentivity in the transverse direction shall be 900 to 1100 gauss, as mea-
sured by a 50 or 60 Hz BH meter.

8.3.9.3 The magnetic particles shall be transversely orientated.

8.3.9.4 The backcoat should provide electrical conductance sufficient to prevent static accu-
mulation of particulate matter.

8.3.10 Surface resistivity of the magnetic and back coatings

Surface resistivity is determined by measuring the surface resistance between two electrodes
forming opposite sides of a square. Surface resistivity values are reported in ohms per square

{ohms/square).

8.3.10.1 The surface resistivity of the magnetic coating shall not exceed 1 x 102 ohms/square.

8.3.10.2 The surface resistivity of the back coating shall not exceed 1 x 10® ohms/square.

8.3.10.3 The surface resistivity of the magnetic coating and back coatings shall be measured as
follows. After conditioning the tape sample to be measured to the test environment (24 hours
minimum) position it over two 24-carat gold plated semicircular electrodes having a radius of
24.4 mm (! in) and a finish of at least N4, so that the surface to be measured is in contact with
each electrode. The electrodes shall be placed paralle} to the ground, parallel to each other, and

have their fiat surfaces spaced 25.4 mm (lin) apart. Apply a force of 0.25 N £0.012 N (0.9 ozf
+0.04 ozf) to each end of the test piece. Apply a DC voltage of 500v +10v across the electrodes
and measure the resulting current flow. From this value calculate the electrical resistance and

hence the surface resistivity.

Repeat the measurement for a total of five positions along the tape sample and average the five
resistance readings.

NOTE — Neither the tape sample nor the insulating surfaces shall be handled with bare fingers.
(The use of clean, lint-free gloves is recommended).

8.3.11 Coating adhesion

Coating adhesion is the force required to separate any part of the coating from the tape base film
material.

8.3.11.1 The force required to separate any part of the magnetic coating from the tape base film
material shall not be Iess than 1.0 N (3.5 ozf).

8.3.11.2 The force required to separate any part of the back coating from the tape base film mate-
rial shall not be less than 1.0 N (3.5 ozf).

8.3.11.3 The coating adhesion of the magnetic coating and back coating surfaces shall be mea-
sured as follows. .

8.3.11.3.1 Take a sample of the tape approximately 381 mm (15 in) fong and scribe a line
through the coating across the width of the tape, 127 mm (5 in) from one end.
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tive tape applied to the full width of the sample,

8.3.11.3.2 Using double-sided pressure sensi
the coating surface to be tested facing the plate.

attach the sample to a smooth metal plate, with

8.3.11.3.3 Fold the sample 180 degrees adjacent to and parallel with the scribed line. Attach the
metal plate and the free end of the tape sample to the jaws of a universal testing machine such that
when the jaws are extended the tape is separated. Set the jaw extension rate to 254 mm/min (10

in/muin).
8.3.11.3.4 Note the force at which any part of the coating first separates from the base film

material. If the sample separates away from the double-sided pressure sensitive tape before the
force exceeds the requirement, an alternative type of double-sided pressure sensitive tape should

be used.

8.3.12 Tape cupping

Tape cupping is defined as the departure across a tape (transverse to motion) from a flat surface.

8.3.12.1 The tape cupping shall not exceed 1.27 mm (0.05 in).

8.3.12.2 Tape cupping shall be measured as follows. Cut 2 1m (39 in)} length of tape and condi-
tion it to the test environment for a minimum of 24 hours. Cut a 0.3 m (11.8 in) segment from the
approximate center of the tape specimen and mount it, magnetic coating side up, onto a flat sur-
face with 1.67 N (6 ozf) of tension in the direction of normal tape motion. With an optical com-
parator, measure the distance to the highest point of the tape sample from the reference flat

surface

8.4 Record/reproduce characteristics

8.4.1. Ease of erasure

The erasure characteristics of the magnetic tape shall be such that, when a 60 Hz alternating field
of 2000 Gauss is applied to a recorded tape, its recorded signal level shall be reduced by at least
60 dB. The recorded tape to be tested shall have been recorded with the record level adjusted to

the standard record level.
8.4.2 Average signal amplitude uniformity

The ratio of the maximum RMS level of the wide band (RF) output to minimum RF output shall
not exceed 2 dB when measured from the beginning-of-tape (BOT) to the end-of-tape (EOT)

within the playable length of the tape.
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8 Tape Cartridge
9.1 Scope
This section of the standard specifies dimensions, tolerances, and functiona]iiy for the cartridge.
9.2 Measurements

9.2.1 Atmospheric conditions

Tests and measurements on cartridge parameters shall be made under the following atmospheric

conditions:
Temperature: ‘ 20°C £1°C (68°F £2°F);
Relative humidity: - 50% +2%;
Stabilization time: 24 hours.

9.2.2 Dimensions

Dimensions shall be as specified in the figures and tables.

9.2.3 Tolerances

General tolerances for dimensions, except those for which tolerances are otherwise specified,
shall be as shown in Table 29 on page 45.

Table 29 — Mechanical tolerances

From To Tolerances
mm mm mm
0 4 0.2
4 16 +03
16 63 +0.4
63 250 +0.5
250 *+0.7

8.3 General specifications

9.3.1 ldentification

The cartridge shall be identified as DCRsi.
9.3.2 Material

The cartridge shall be molded from a flame retardant material that shall be sufficiently rugged and
wear resistant to withstand normal operating and non-operating use conditions, which are under-
stood to include shipping environments (see Annex A).
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9.3.3 Corrosion resistance
Any metal parts of the cartridge shall be made of a corrosion resistant material or be finished so as

to resist corrosion.

9.3.4 Window

The cartridge shall have a clear window on the front face of the cartridge that will allow observa-
tion of the tape pack position and reel motion within the assembled cartridge.

9.3.5 Minimum tape iength

The minimum oxide coated tape length for a fully loaded cartridge shall be 526 m (1725 ft). This
includes any additional length necessary to secure the tape to the reels.

9.3.6 Minimum tape wrap on reels

A minimum of twelve (12) wraps of tape shall be wound onto the take-up reel. Likewise, a mini-
muim of twelve (12) wraps of tape shall be left on the supply reel at the end of recording.

9.3.7 Magnetic coating surface

The magnetic coating on the tape shall face out of the cartridge as shown in Figure 11 on page 49.

9.4 Operating environment

Cartridges used for data interchange shall operate under the following conditions:

Temperature: 4°C to 50°C (39°F to 122°F);
Relative humidity: 20% to 80%, non-condensing;
Maximum wet bulb temperature: 26°C (79°F).

9.5 Cartridge conditioning prior to operational use

For interchange, the cartridge shall be conditioned by exposure to the operating environment for a
time equal to or greater than the time away from the operating environment (up to a maximum of

24 hours}.
Conditioning of the tape stock prior to operational use shall be as follows:
Storage conditioning: not less than 24 hours;

Environmental: stabilized to within £5°C (£9°F) of the operational
environment as specified in Section 9.4 on page 46
but not to exceed the specifications therein;

Tape tension: wound on a reel at a tension of 1.1 Nto 1.65 N (4.5
ozf to 6 ozf).
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8.6 Storage environment

Cartridges shall be stored under the following conditions:
Temperature: 4°C to 32°C (39°F to 90°F);
Relative humidity: 40% to 60%.

For the environment for transportation refer to Annex A

8.7 Safety

9.7.1 Safeness

assembly shall not constitute any safety or health haz-

The components of the tape and cartridge
through any foreseeable misuse in an information pro-

ard when used in the intended manner, or
cessing system.

9.7.2 Flammability

Tape or cartridge components that will ignite from a match flame, and when so ignited will con-
tinue to burn in a still carbon dioxide atmosphere, shall not be used.

8.7.3 Toxicity

Tape or cartridge components that may cause bodily harm by contact, inhalation, or ingestion dur-
ing normal use of the cartridge shall not be used
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9.8 Datum planes

9.8.1 Datum plane Z

Datum plane Z is determined by datum areas 1, 2, and 3 as specified in Figure 12 on page 50.

9.8.2 Datum plane X

Datum plane X shal] be orthogonal to datum plane Z and shall run through the center of datum
hole “A” and datum hole “B” as specified in Figure 13 on page 5.

9.8.3 Datum planeY

Datum plane Y shall be orthogonal to both datum plane X and datum plane Z and shall run
through the center of datum hole “A” as specified in Figure 13 on page 51, :
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Dimensions in millimeters
Notes:

1. Dimensions with an asterisk are nominal values specifying the tape path.

2. Area for the reel.
3. The perpendicularity of the tape guide pins shall be within 0.127 mm (0.005 in) with respect to dawum plane Z.

Figure 11 - Internal structure and tape path of cartridge

NATO

UNCLASSIFIEDR
D - 48



NATO UNCLASSIFIED

ANNEX D to STANAG 7024

Editicn 2

/DATW PLANE Y

251.7

g

DATUM AREA |
NOTE 2 & 3 N

S DATUM AREA 2
NOTE 2 & 3

107.7 109.0
DATUM PLANE x\ 0
) 0 I
Nl Q. i Qo L
N DATUM AHEA 3 1.3
NOTE | \_ NOTE 2 & 3 \'
AX 1M HOLD NG AREA CATUM HOLE "B" DATUM HOLE "AT
’ 124.0
EZ%, - 247.8
V| sueront ARea
NOTE 3 29 DATUM AREA
@ 6.4 T !
41.9 20,8 —{ }
NOTE \—/
250 2
132
z-—
I e J
DATLM PLANE x——\\ NQTE | [7 1
N,
L. L
L7 - T~ N P - ) Sa
a8 Il \\ ’ \\ 98
1 !
E . ‘l ; ‘, 113
] ]
\ ‘,J 1 ’l
\\ ; \\ 7 165.9 0.8
\\ ’, \_‘ - 4
‘7’% ° .
NaTE L NOTE 1
!

267.7 +0-8

Dimensions in millimeters
Notes:

1. The cartridge shall be secured by the recorder and/or player unit on the crasshatched area.

2. The cartridge shall be supported by the recorder and/or player on the shaded area.
3. The datum plane Z shall be determined by datum areas 1, 2, and 3.

Figure 12 — Datum area, support area, and holding area
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Figure 13 — Bottom view of cartridge
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9.9 Windows and labels

8.9.1 Window and label areas

Window and label areas shall be as specified in Figure 14 on page 53.
9.9.2 Label attachment area

Labels attached to the cartridge shall not extend beyond the external dimensions shown in
Figure 14 on page 53.

9.9.3 Label clearances
9.9.3.1 Labels shall not interfere with user or datum holes.

9.9.3.2 Labels shall not interfere with the hub drive and support area.
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Dimensions in millimeters

. Crosshaiched area is available for window.

Side label may be attached to this recessed area.
. Rear label may be attached to this recessed area.
Lid label may be attached to this recessed area.
Top label may be attached to this recessed area.

Figure 14 — Top and side of cartridge

NATO UNCLASSIFIED
D - 53



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Edicion 2

9.10 Record lockout plug
0.10.1 Dimension and location

The dimension and location of the record lockout plug shall be as specified in Figure 15 on page
55.

9.10.2 Detent

The record lockout plug shall be detented such that when rotated there are two detent positions
180° apart indicating record lockout or record enabled.

9.10.3 Setting identification

The record lockout plug shall include an arrowhead as shown in Figure 15 on page 55 to identify
its setting.

9.10.4 Settings

The setting of the record lockout pin as shown in Figure 15 on page 55 shall indicate the SAFE or
record lockout position. Rotation of the plug through 180° from the position indicated in
Figure 15 on page 55 shall enable recording.

9.10.5 Retention
The record lockout plug shall be spring loaded to retain the plug in its selected position.
9.10.6 Maximum axial force

The record lockout plug shall be capable of withstanding an axial force of 0.5 N (1.8 ozf).

9.10.7 Color

The record lockout plug shall be manufactured of red plastic for easy identification.
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!
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\DATUM PLANE X
13.5 0.2 \DATUM HOLE ™A™

— RECORD LOCKOUT PLUG

RECORD LOCKOUT PLUG
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DATUM PLANE Z
7.9C :
7.85 !
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?:,..2 ﬁ? 1f|
A s pa a1 |
25 ZINNY
I />q\\é£::22 L~I.3
| | |

RECCRD LOCKOUT SPRING

szction A A

Dimensions in millimeters

Figure 15 — Record lockout plug
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9.11 Reels

9.11.1 Reel dimensions and reel to reel tabie relationships

The dimensions of the reels and the relationship between the reels and reel tables are specified in
Figure 16 on page 57 and Figure 17 on page 58.

9.11.2 Reel locking .

The reels shall be locked automatically when the cartridge is removed from the recorder/player.

9.11.3 Reel uniocking

When a cartridge is inserted into a recorder/player, the reels shall be unlocked automatically as
specified in Figure 18 on page 59.

9.11.3.1 The force needed to release the reel lock of the cartridge shall be 0.5 N +0.1 N (1.8 ozf
+0.4 ozf).

9.11.4 Reel lock mechanism spring

The reel lock and release mechanism shall be held in position by a spring with a force of 10-22N
(36 - 79 ozf).
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Dimensions in millimeters
Note:
1. The center of the reel and reel table shall be positioned on & 28.997/28.956 and support plane.

Figure 16 - Cartridge reel

NATO UNCLASSIFIED
D - 57



NATQ

REEL SPRING —\

UNCLASSIFIED

ANNEX D to STANAG 7024
Edition 2

—
CFF THE
MACHINE

/— DATUM PLANE Z
T

38 +0.30

== LT
.987 L
———gg R 2.30 £0,30
NOTE 5
{REEL spmﬁ
C ==
oN THE TAPE CENTER
MACH [ NE
18 NOTE 2
s —l
M =
____& H T Lyl [t
I

Notes:

O tn B

NOTE 4\

\— NOTE 3

58 MAX

Dimensions in millimeters

Distance between the support area of the reel table and datum planc Z.
Distance between the support area of the reel table and tape center.
Support area of the reel tabie.
Hatched area shows the maximum reel table area.
Reel spring pressure shall measure 3 - 6 N (10.8 - 21.6 azf).
The reel spring structure is at manufacturer’s option.

3.30 :0.30
NOTE |

Figure 17 - Relationship between reel and reel table
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o

RELEASE PIN 3 ’//”‘NOTE
RESL LOCK AND RELEASE \F ) N
\[;\ - A
L] B, -_@_-___-_1
H -

REEL SPRING
SPRING FORCE Io-y

GUIDING GROOVE
I . s \‘
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N( NOTE 2

REEL 1.OCK AND RELEASE

I r

RELEASE PIN
DATUM PLANE x—\ /'5 A i s
. |
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Wi
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\ I :
‘, %
NOTE 1§ b
B !' POCKET AREA
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0.5 section A - A
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0.5 i ™
f——- 15.6 £!.0

CENTER STARTING LQCATION
OF RELEASE PIN

Dimensions in millimeters

Notes:
ated 4.5 mm (0.177 in) away from datum

1. Clearance “B" shall be 0.46 mm (0.018 in) when the release pin is loc

plane X.
2. The-end of the reel lock shall be outside the reel area 84 mm (3.307 in) in diameter, when the reiease pin is located
5.5 mm (0.217 in) away from datum plane X

Figure 18 - Cartridge reel lock and release
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9.12 Lid

9.12.1 Lid unlocking

The lid shall be unlocked and opened by the recorder and/or player when the cartridge is inserted
into the recorder.

9.12.2 Lid unlocking force

The lid shall be unlocked by a force of 0.5 N £0.1 N (1.8 ozf +0.4 ozf) force being exerted upon ”

the release pin, as specified in Figure 19 on page 61 and Figure 20 on page 62.

9.12.3 Lid opening

The lid when open shall not exceed 52 mm (2.05 in) with respect to datum plane Z, as specified in
Figure 21 on page 63.

9.12.4 Lid locking

When the cartridge is removed from the recorder and/or player, the lid shall lock automatically.

9.12.5 Maximum force to open lid

The maximum force required to open the lid shall be 1.5 N (5.4 ozf) up to the 37.5 mm (1.67 in)
minimum height defined in Figure 21 on page 63.

9.12.6 Direction of force to open lid

The force required to open the lid shall be applied at 90° £5° to the datum plane Z at the lower
edge of the lid, reference Figure 21 on page 63.

NATO UNCLASSIFIED
D - 60

L



Lio

LI1C LOCK & RELEASE

OATUM PLANE Z

ANNEX D to STANAG 7024
gdition 2

NATO UNCLASSIFIED

LID LOCK & RELEASE
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Figure 19 - Lid lock and release

UNCLASSIFIED
D - 61

NATO



UNCLASSIFIED ANNEX D to STANAG 7024

NATO
Edition 2

—==1————] TATLM PLANE X-\\\\4

t
| fesimn 150,98 MAX ——hm—my -

=

A -=1—| BTN ALANE Y secrion A=A _
! i

222.5
208.3
151.5
i74.8

V34,1

1
i
RS.3 TAPE }
S57.4 .
39,9 ——
—

4

O
R 67.9 o R B7.9
1488 i
128.0
L45.8 - - '
59.4
l[
S I N j 1
e G, T
189.4 %
OATUM PLANE X
Dimensions tn millimeters
Nate:

1. The shaded area represents an interference-free space for threading.

Figure 20 — Space for transport loading mechanism
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Note:
I. Lid shall open to a height of at least 38 mm (1.5 in).

Figure 21 - Lid structure
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Annex A
(informative)

Recommendations for tape cartridge transportation

A.1 Environment

It is recommended that during transportation the cartridges are kept within the following condi-
tions: -

A.2 Unrecorded cartridge

»

The packaged, unrecorded media cartridge should be capable of withstanding the following envi-
ronment without damage:

Temperature: -57°C to 55°C (-70°F to 130°F);

Relative humidity: 5% to 80%, non-condensing;

Maximum wet bulb temperature 26°C (79°F); ’
Duration: 10 consecutive days.

There shall be no condensation in or on the cartridges.

Note - Interchange parties should exercise caution when storing cartridges at temperatures above
50°C. Individual cartridge history may resuit in less than satisfactory interchange after storing at
temperatures between 55°C (130°F) and 68°C (154°F). Storage temperatures should never exceed

68°C (154°F).
A.3 Recorded cartridge

The packaged, recorded, tape cartridge should be capable of withstanding the following environ-
ment without damage:

Temperature: -57°C to 50°C (-70°F to 122°F);
Relative humidity: 5% to 80%, non-condensing;
Maximum wet bulb temperature 26°C (79°F);

Duration: 10 consecutive days.

There shall be no condensation in or on the cartridges.
A.4 Impact loads and vibration

Compliance with the following recommendations should minimize damage to tape cartridges dur<
ing transportation:

— avoid mechanical ioads that would distort the cartridge shape:
— avoid dropping the cartridge more than 1 m (39 in):

— cartridges should be fitted into a rigid box containing adequate shock-absorbent mate-
rial:

NATC UNCLASSIFIED
D - 64



NATO UNCLASSIFIED ANNEX D to STANAG 7024
Edition 2

— the shipping box must have a clean interior and a construction that provides sealing to
prevent the ingress of dirt and water:

the orientation of the cartridges inside the shipping box should be such that the tape-
re=l axes are horizontal:

— the shipping box should be clearly marked to indicate its correct orientation.

A.5 Extremes of temperature and humidity

Extreme changes in temperature and humidity should be avoided whenever possible. Whenever a
cartridge is received after transportation, it should.be conditioned in the operating environment
(see Section 9.4 on page 46) for a period of at least 24 hours. If the user of the cartridge knows ot
suspects that the cartridge has been exposed to mechanical shock simultaneously with a drop in
temperature exceeding 18°C (65°F) tape pack shift may have occurred. In this case, it is recom-
mended that the cartridge be conditioned in the operating environment and then rewound one com-
plete cycle on the tape transport before it is used for data interchange.

A.6 Effects of stray magnetic fields

Stray field strengths of more than 500A/m on recorded magnetic tape should be avoided. This may
be realistically achieved by maintaining a minimum of 50 mm (2 in) of nonmagnetic spacing ma-
terial around the recorded cartridge, from the cartridge surface to the outer surface of the shipping

container.
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DCRsi model characteristics

Table 1 lists the characteristics of various types of DCRsi Instrumentation Recorder as imple-
mented by Ampex Corporation. Equipment designers should be aware of the existence of slight
variations in implementation which should be considered in new equipment designs.
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Characteristic Type 1 Type 2 Type 3 Type 4 Type 5
Ampex name or model no. DCRsi DCRsi DCRsi DCRsi DCRsi
Classic 107 240 75 120
User data rate (Mbits/sec) 107 107 240 75 120
No. of record/play channels 1 I 2 1 1
Channel data rate (Mbits/sec) 118.557 118.557 134.000 118.557 134.000
No. of heads 6 6 12 6 6
Tape speed (cmy/s) 13.404 13.404 30.302 13.404 15.151
(in/s) (5.277) (5.277) {11.93) (5.277) (5.965)
Scanner rotational speed (rps) 512 512 578 512 578
User record session spacing
(No. of transverse scans) 7,000 7,000 10,000 10,000 10,000
Pre-record zone 2,301 2,801 3,996 3,996 3,996
(No. of transverse scans)
Post-record zone 2,955 2,955 2,955 2,955 2,955
(No. of transverse scans)
Maximum transverse scan
auxiliary data rate (Kbits/sec) i 221 221 499.5 155 249.7
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ANNEX D

PART 2 LOGICAL RECONNAISSANCE DATA FORMAT

LOGICAL FORMAT IS DEFINED IN STANAG 7023

NATO UNCLASSIFIED



NATC UNCLASSIFIED

INTENTIONALLY BLANK

NATO UNCLASSIFIED

ANNEX D to STANAG 7024
Edition 2

-





