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1 Scope

This standard specifies the track content, format, and recording method of the data blocks containing
compressed video, AES3 audio data, and associated data which form the helical records on 12.65-mm tape
in cassettes. This standard supports recording of source picture formats using 1920%1080 pixels with the
4:4:4 and 4:2:2 sampling structure specified in SMPTE 274M at the frame rate of 23.98 Hz, 24 Hz, 25 Hz, and
29.97 Hz, and using 1280x720 pixels with the 4:2:2 sampling structure specified in SMPTE 296M at the frame
rates of 50 Hz and 59.94 Hz (see note). This standard also supports recording of 12 channels of AES3 audio
data and 3 lines of uncompressed blanking interval data. This standard includes packetizing and shuffling
operations supporting picture compression using the DCT and DPCM encoding methods defined by ISO/IEC
14496-2 (MPEG-4 simple studio profile).

NOTE - Early implementations of this standard might not comply to the frame rate of 50Hz as specified in
SMPTE 296M.

2 Normative references

The following standards contain provisions which, through reference in this 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 to investigate the possibility of applying the
most recent edition of the standards indicated below.
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ANSI/SMPTE 276M-1995, Television — Transmission of AES/EBU Digital Audio Signals Over Coaxial Cable
ANSI/SMPTE 299M-1997, Television — 24-Bit Digital Audio Format for HDTV Bit-Serial Interface
SMPTE 12M-1999, Television, Audio and Film — Time and Control Code

SMPTE 274M-2005, Television — 1920x1080 Image Sample Structure, Digital Representation and Digital
Timing Reference Sequences for Multiple Picture Rates

SMPTE 292M-1998, Television — Bit-Serial Digital Interface for High-Definition Television Systems

SMPTE 296M-2001, Television — 1280x720 Progressive Image Sample Structure — Analog and Digital
Representation and Analog Interface

SMPTE 372M-2002, Television — Dual Link 292M Interface for 1920 x 1080 Picture Raster

SMPTE RP 188-1999, Transmission of Time Code and Control Code in the Ancillary Data Space of a Digital
Television Data Stream

AES3-2003, Digital Audio Engineering — Serial Transmission Format for Two-Channel Linearly Represented
Digital Audio Data

IEC 61213 (1993-11), Analogue Audio Recording on Video Tape — Polarity of Magnetization

IEC 61237-1 (1994-06), Broadcast Video Tape Recorders — Methods of Measurement — Part 1: Mechanical
Measurements

ISO/IEC 14496-2 (2004-06), Information Technology — Coding of Audio-Visual Objects — Part 2: Visual
3 Glossary and acronyms
For the purposes of this standard, the following definitions apply.

23.98, 29.97, 59.94: When used as values of field or frame rates, exact values are respectively: 24/1.001,
30/1.001, 60/1.001.

alternate_scan: A 1-bit flag, fixed to ‘1’ in this format, defined in ISO/IEC 14496-2.
AUX: Auxiliary

basic block: The basic packing unit, comprising 4 block identifier (BID) bytes and 226 payload bytes
containing auxiliary or compressed picture data.

BID: Block identifier bytes in each basic block, BIDO to BID3.

bits_per_pixel: A 4-bit integer, fixed to ‘10’ in this format, defined in ISO/IEC 14496-2.
block_mean: A 10-bit unsigned integer, defined for DPCM encoding in ISO/IEC 14496-2.
chroma_format: A 1-bit value indicating YCgCr or RGB mode, defined in ISO/IEC 14496-2.
chroma_intra_quantizer_matrix: A list of 64 8-bit unsigned integers, defined in ISO/IEC 14496-2.

coded sequence: A group of 24 auxiliary basic blocks followed by 4080 compressed data basic blocks.
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coding channel: The MBU encoding process, producing coded sequences.
compression_mode: A 1-bit flag indicating DCT or DPCM coding, defined in ISO/IEC 14496-2.
DCT: Discrete cosine transform

dct_precision: A 2-bit integer, defined in ISO/IEC 14496-2.

dct_type: A 1-bit flag, fixed to ‘1’ in this format, defined in ISO/IEC 14496-2.

DPCM: Differential pulse code modulation

dpcm_scan_order: A 1-bit flag used in the DPCM coding, defined in ISO/IEC 14496-2.
ECC: Error correcting code

EOB: End of block

frame_rate_code: A 4-bit integer indicating the frame rate, defined in ISO/IEC 14496-2.
I: Interlace scan format

intra_dc_precision: A 2-bit integer, fixed to ‘0’ in this format, defined in ISO/IEC 14496-2.
intra_quantizer_matrix: A list of 64 8-bit unsigned integers, defined in ISO/IEC 14496-2.

macro block: A 16 x 16 area of picture data, rearranged shuffle block. Note that this block is not equivalent
to the ‘macroblock’ defined for ISO/IEC14496-2.

MBU: Macro block unit. A group of 204 or 180 macro blocks, used for rate control and packing.
MUX: Multiplex

NRZ: Non return to zero

P: Progressive scan format

PCM: Pulse code modulation

PsF: Progressive scan format with segmented frame structure.

q_scale_type: A 1-bit flag used in the quantizer, defined in ISO/IEC 14496-2.
quantizer_scale_code: A 5-bit unsigned integer, defined in ISO/IEC 14496-2.

record unit: For picture formats with 23.98-Hz, 24-Hz, 25-Hz, and 29.97-Hz frame rates, equivalent to a
frame. For picture format with 50-Hz and 59.94-Hz frame rate format, equivalent to a successive frame pair.

rgb_components: A 1-bit flag indicating 4:2:2 or 4:4:4 data, defined in ISO/IEC 14496-2.
rice_parameter: A 4-bit integer used in DPCM coding, defined in ISO/IEC 14496-2.
RU: Record unit

RS: Reed-Solomon
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sector: A data unit that includes a preamble, sync blocks and a postamble, comprising the minimum record
block in a helical track.

segment: A time interval that represents a field of video for | and PsF picture formats and a frame of video
for P picture formats. A segment has half the duration of a record unit.

shuffle block: A 16 x 16 area of picture data from a field or frame.
TC: Time code
VLC: Variable length coding

VTR: Video tape recorder. A type D-16 tape recorder in this standard.

4 Environment and test conditions

Tests and measurements made on the system to check the tape track recorders requirements of this
standard shall be carried out under the following conditions:

— temperature: 20°C £ 1°C

— relative humidity: 50% = 2%

— barometric pressure: from 86 kPa to 106 kPa
— tape tension: 0.3N£0.05N

— tape conditioning: not less than 24 h

4.1 Calibration tape

Calibration tapes meeting the tolerances specified below should be made available by manufacturers of
digital television tape recorders and players in accordance with this standard.

4.2 Record locations and dimensions
Geometrical location and dimensions of the recordings on the tape and their relative positions in regard to
timing relations of the recorded signals shall be as specified in figure 27 and table 2 in section 6.4: helical

record and physical parameters. Tolerances shown in table 2 should, however, be reduced by 50% for
calibration tapes.

5 Tape and cassette physical specifications

5.1 Magnetic tape specifications
5.1.1 Base

The base material shall be polyester or equivalent.

5.1.2 Tape width and width fluctuation

The tape width shall be 12.650 mm * 0.005 mm. Tape width fluctuations shall not exceed 6 um peak to peak.
The value of tape width fluctuation shall be evaluated by measuring 10 points, each 20 mm apart, over a tape
length of 200 mm.

5.1.3 Tape thickness

The tape thickness shall have a minimum value of 10.1 um and a maximum value of 11.3 um.
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5.1.4 Offset yield strength

The offset yield strength shall be greater than 13 N.

5.1.5 Magnetic coating

The magnetic tape used shall have a coating of metal particles or equivalent, longitudinally oriented. The
coating coercivity shall be in the range of 190000 A/m to 240000 A/m, with an applied field of 800000 A/m
(10000 oersted) as measured by a 50 or 60 Hz BH meter or vibrating sample magnetometer (VSM).

5.2 Cassette specifications

5.2.1 Cassette dimensions

Two sizes of cassettes shall be identified as follows:

S cassette: 96x156%x25 mm (as shown in figures 1 to 13)
L cassette:  145x254x25 mm (as shown in figures 14 to 26)

5.2.2 Tape length and recording time

Maximum tape length and recording time are recommended as follows:

S cassette: 293 m+2/-0m 40 minutes for 48 minutes for 50 minutes for 23.98-Hz
29.97-Hz RU rate 25-Hz RU rate and 24-Hz RU rates

L cassette: 893 m +2 /-0 m 124 minutes for 148 minutes for 155 minutes for 23.98-Hz
29.97-Hz RU rate 25-Hz RU rate and 24-Hz RU rates

5.2.3 Datum planes

Datum plane Z shall be determined by three datum areas A, B and C, as shown in figures 3a and 16a. Datum
plane X shall be orthogonal to datum plane Z and shall include the centers of datum holes (a) and (b). Datum
plane Y shall be orthogonal to both datum plane X and datum plane Z and shall include the center of datum
hole (a) as shown in figures 2 and 15.

5.2.4 Tape winding

The magnetic coating side of the magnetic tape shall face outside on both the supply reel and the take-up reel
as shown in figures 4 and 17.

5.2.5 Label area and window area

The hatched areas shown in figures 1 and 14 are for the label and window. Labels attached to the cassette
shall not protrude above the outside cassette surface plane.

5.2.6 Guiding groove

For correct insertion into the VTR, four guiding grooves for S cassettes as shown in figures 1 and 2, and three
guiding grooves for L cassettes as shown in figure 15 shall be provided.
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5.2.7 Safety tab and safety plug for recording inhibition

For S cassettes, a safety plug at the supply reel side and a hole of minimum depth 10 mm from datum plane
Z at the take-up reel side shall be provided as shown in figure 2.

For L cassettes, a safety plug shall be provided at the take-up reel side as shown in figure 15.

The safety plug shall not be deformed by 0.3 mm or more when a force of 2.0 N (204 df) is applied to the
center of it, using a 2.5 mm diameter rod. See figures 12 and 25.

5.2.8 ldentification holes

Six identification holes (holes 1 to 6) shall be located as specified in figures 2 and 15. For this format, holes 1,
3 and 6 shall be closed and holes 2, 4 and 5 shall be open.

5.2.9 Reels

The reels shall be automatically unlocked when the cassette is inserted into the video tape recorder and/or
player unit and automatically locked when the cassette is ejected from it.

The locations of the reels, when in the unlocked position, are shown in figures 4 and 17. Dimensions of the
reels are shown in figures 6 and 19. Heights of the reels are shown in figures 7 and 20.

The reel shall be completely released when the cassette lid is opened 23.5 mm minimum from datum plane Z.
5.2.9.1 Reel spring force

The reels assembled in the cassette shall be pressed by the reel spring with a specified force under the
conditions specified in figures 11 and 24. The spring force shall be 1.5 N + 0.5 N (153 ¢f + 51 d¢f) for S
cassettes and 3.5 N+0.5 N (357 ¢f £+ 51 df) for L cassettes when pressing on a reel 2.4 mm above datum

plane Z as shown in figures 11 and 24.

5.2.9.2 Extraction force

The force (F1, F2) required to pull the tape out from the reel shall not exceed 0.17 N (17 df), as specified in
figures 13a and 26a.

5.2.9.3 Friction torque

The torque required to wind the tape shall be less than 15 mN m (152 gf cm) for S cassettes and less than 30
mN m (305 gf cm) for L cassettes, as specified in figures 13b and 26b.

5.2.10 Protecting lid

The cassette lid shall be automatically unlocked when the cassette is inserted into the video tape recorder
and/or player unit and automatically locked when the cassette is ejected from it.

The unlocking lever insertion area is specified in figures 8 and 21 The lid shall be unlocked when the lid lock
lever is shifted in either direction A or B, as illustrated in figures 9 and 22. The force required to unlock the lid
shall be less than 1 N (101 gf) in the A direction or less than 1.5 N (152 g¢f) in the B direction.

The lid shall open 29.0 mm with a force of 1.5 N (152 gf) or less as specified in figures 10 and 23.

Page 6 of 91 pages



SMPTE 409M-2005

4 —R 1201 740.3 7 0.3 H
- je- C "~
$ =T — o
2| $| o
- lD b
Min. 1.1 +-C habtel4area in. 1.1 Section GG
11448 3 ote .
Min. 1.4 Guiding sroovp 2etum elane Y Datum plane X Guiding groove
Nofe 3 . Guiding groove 3104 144518
in. 1.4 [ . ] Max. 9. 4
fys=" E R
_ r —_— —1 X [= A
- -~ ;‘ﬂ ;.
] R e P 5 - 2|
2|e|55 NER o - ©
Lgd; Jt0.5 ©iwo «© .
®| - ™~ P~
2. 2102 w» ;
| HEER EE
0.1 @ 2 g&‘j C
Note 2 0.2 Note 6
1561013 Max. 1. 55
4 R‘(’:';) 3{*‘: 4-RO41 Note I i Min. 6.2
7;::15 $wg 383 (14)
{ _ — | Ns? 7 0. 15 0
. ! S S o~ @ =
IT 1| é'r‘i ;:, II ] g”\ 2
7 = 5
83 | Max. 138. 2
Section AA B Min. 141. 8 (6) Section BB
Holding area Window area Label area
po-3 Note 5 Note 4 H0.8 f0.3 Note 4 0. 3
- ‘ g /
H e o .
LC} _/
S ht
&
< =
© S
,\
-{LH J
Dimensions in millimeters
NOTES

a b wWwN -

area.

These dimensions are inspected by using limit gauges.
No part of the lid shall protrude beyond the bottom plane of the cassette when the lid opens nor when it closes.
These dimensions shall be specified based on datum plane Z.
Label and/or window areas, shown by the hatched area is available for the label and/or window.

The cassette may be held in position by the recorder and/or player unit on the holding area shown by the cross hatched

6 The fine hatched area shows the acceptable range of plug notch position and depth at the side.

Figure 1 — Top and side view dimensions (S-cassette)
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1 Datum hole (a) is primary.
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Dimensions in millimeters

Figure 2 — Bottom view dimensions (S-cassette)
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Figure 3b — Tape guides
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NOTES

N =

0.05 mm of each of them.

The cross hatched areas 10 mm in diameter are datum areas.
The four supporting areas shown by the hatched areas shall be coplanar with their corresponding datum areas within

3 Datum plane Z shall be defined by the three datum areas, A, B, C.
4 Datum area D shall be coplanar, within 0.3 mm, with datum plane Z.
5 The areas within 1 mm of the edges of a cassette shall not be included in the supporting areas.
6 Measurement L: 15 mm
7 Perpendicularity of tape guides is specified as follows (even if they themselves are tapered) :
Direction
Tape guide X Y
Supply side 0+0.15 0+0.15
Take-up side 0+0.15 0+0.15

Direction X: Parallel to the tape running direction.
Direction Y: Horizontally orthogonal to direction X.

Dimensions in millimeters

Figure 3 — Datum areas, supporting areas, tape guides and associated dimensions (S-cassette)
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NOTES

1 The rotating direction of reels during forward operation.
2 The lid opening height L shall be 29 mm or more.
3 The reel shall be reset completely when the lid opening height L is 23.5 mm.

Magnetic coating side

Dimensions in millimeters

Figure 4 — Reel location in the unlocked position (S-cassette)
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NOTES

1 The hatched area is where the loading mechanism of the video tape recorder and/or player unit positions the video
cassette when it is inserted.

2 The hatched and cross hatched areas are so designed that the loading mechanism of the video tape recorder and/or
player unit unwinds and extends the magnetic tape towards the head drum after the lid opens.

3 This condition is sometimes defined as “Minimum space for loading mechanism”.

Figure 5 — Protecting lid dimensions (S-cassette)
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Dimensions in millimeters

NOTE - The reels with large hubs (hub diameter 53.3 £ 0.2 mm) can be used for cassettes whose recording time is less
than 12 minutes.

Figure 6 — Reel dimensions (S-cassette)
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Figure 7 — Reel height in the unlocked position (S-cassette)
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NOTES
1 The cross hatched and hatched areas show the allowable total area where the unlocking lever extending from the video
tape recorder and/or player unit can be inserted into a cassette.
2 The cross hatched area shows the range of the unlocking lever insertion which permits the lid to be unlocked.
3 Allowable range within which the unlocking lever can be inserted in the A direction.
4 Allowable range within which the unlocking lever can be inserted in the B direction.

5 The tip of the unlocking lever shall be shaped into a semicircle or hemisphere whose radius is a half of the unlocking
lever width.

Figure 8 — Unlocking lever insertion area (S-cassette)
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Direction A

The force to unlock the lid shall be not
greater than 1.0 N in the A direction.

Refer to figure 8 regarding the measuring
ranges

Direction B

The force to unlock the lid shall be less than
1.5 N in the B direction.

Refer to figure 8 regarding the measuring
ranges

Figure 9 — Lid unlocking force (S-cassette)

The maximum force to open the lid shall be 1.5 N.

Figure 10 — Lid opening force (S-cassette)

The force of the spring for pushing down the reel

shall be (1.5 + 0.5) N.

Reel

3802

Dimensions in millimeters

Opening direction
J Measuring ranse:
0-29mm

Dimensions in millimeters

soring %

|
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Figure 11 — Reel spring force (S-cassette)
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Measur ing
direction

Measuring rod

Dimensions in millimeters

Figure 12 — Safety plug strength (S-cassette)
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Figure 13a - Extraction force (F1, F2) Figure 13b - Friction torque

NOTES
1 Holdback torque of 1 mN m.
2 Friction torque to wind the tape.

Figure 13 — Extraction force (F1, F2) and friction torque (S-cassette)
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NOTES

1 These dimensions are inspected by using limit gauges.

2 No part of the lid shall protrude beyond the bottom plane of the cassette when the lid opens nor when it closes.
3 Label and/or window area shown by the hatched area is available for the label and/or window.

4 The cassette may be held in position by the recorder and/or player unit on the holding area shown by the cross hatched
area.

5 The fine hatched area shows the acceptable range of plug notch position and depth at the side.

Figure 14 — Top and side views (L-cassette)
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Figure 15 — Bottom view (L-cassette)
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NOTES
1 The four round areas 10 mm in diameter are datum areas.

2 The four supporting areas shown by the cross hatched areas shall be coplanar with their corresponding datum areas
within 0.05 mm of each of them and shall be coplanar with the hatched areas.

3 Datum plane Z shall be defined by the three datum areas, A, B, C.
4 Datum area D shall be coplanar, within 0.3 mm with datum plane Z.
5 The areas within 1 mm of the edges of the cassette shall not be included in the supporting areas.
6 Measurement L: 15 mm
7 Perpendicularity of tape guides is specified as follows (even if they themselves are tapered).
Direction
Tape guide X Y
Supply side 0+0.15 0+0.15
Take-up side 0+0.15 0+0.15
Dimensions in millimeters
Direction X: Parallel to the tape running direction
Direction Y: Horizontally orthogonal to direction X
Figure 16 — Datum areas, supporting areas and tape guides (L-cassette)
Note 2
Note 3 Magnetic coating side
L Magnetic coating side 178t0.5
1810.5 I 5005
Tape
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Ly OO = SR NS N N O |
u
Datum piane X 10.6 ‘
(125) 26 -\ Datum plane Y
181108 |
Dimensions in millimeters
NOTES

1 The rotating direction of reels during forward operation.
2 The lid opening height L shall be 29 mm or more.
3 The reel shall be reset completely when the lid opening height L is 23.5 mm.

Figure 17 — Reel location in unlocked position (L-cassette)
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Dimensions in millimeters
NOTES

1 The hatched area is where the loading mechanism of the video tape recorder and/or player unit positions the video

cassette when it is inserted.

The hatched and cross hatched areas are so designed that the loading mechanism of the video tape recorder and/or
player unit unwinds and extends the magnetic tape towards the head drum after the lid opens.

3 This condition is sometimes defined as “Minimum space for loading mechanism”.

Figure 18 — Protecting lid (L-cassette)
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Dimensions in millimeters

NOTE: The reels with large hubs (hub diameter 53.3 mm + 0.2 mm) can be used for cassettes whose recording time is less

than 34 minutes.

Figure 19 — Reel dimensions (L-cassette)
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Figure 20 — Reel height in unlocked operation (L-cassette)
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NOTES

1 The cross hatched and hatched area shows the allowable total area where the unlocking lever extending from the video
tape recorder and/or player unit can be inserted into a cassette.

The cross hatched area shows the range of the unlocking lever insertion which permits the lid to be unlocked.
Allowable range within which the unlocking lever can be inserted in the A direction.
Allowable range within which the unlocking lever can be inserted in the B direction.

The tip of the unlocking lever shall be shaped into a semicircle or hemisphere whose radius is a half of the unlocking
lever width.

a W N

Figure 21 — Unlocking lever insertion area (L-cassette)
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Direction A

1.1

. {spherical)
The force to unlock the {spherlcal) R1. 2501

lid shall be not
greater than 1.0 N
in the A direction.

Refer to figure 21
regarding the
measuring ranges.

Measuring direction \ \Measuring direction

Measuring rod | \Measuring rod
Direction B (spnerical) (spherical)
. 10. 1

R126m1
The force to unlock the h—"
lid shall be less

than 1.5Nin the B

direction.

Refer to figure 21
regarding the
measuring ranges.

\Measuring direction Measuring direction
\ Measuring rod Measur ing rod

Dimensions in millimeters
Figure 22 — Lid unlocking force (L-cassette)

The maximum force
to open the lid o
shall be 1.5 N. S —~

/' Opening direction
Measur ing range:
0-29mm

Measur ing lever / /Datum plane Z

Dimensions in millimeters
Figure 23 — Lid opening force (L-cassette)

The force of the spring for
pushing down the reel Reel spring
shall be (3.5 £ 0.5) N.

7 ny
/Datum plane z % \/Measuring direction
el

Dimensions in millimeters
Figure 24 — Reel spring force (L-cassette)
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Figure 26a — Extraction force (F1, F2) Figure 26b — Friction torque

NOTES
1 Holdback torque of 1 mN m.
2 Friction torque to wind the tape.

Figure 26 — Extraction force (F1, F2) and friction torque (L-cassette)
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6 Tape record physical parameters
6.1 Input reference signal

An input reference signal shall be used to provide synchronization of the tape recorder in both frequency and
timing. This reference signal shall conform to SMPTE 292M and the appropriate sampling structures defined
in SMPTE 274M and SMPTE 296M as required to support the source picture coding.

Where the input reference signal has a frame rate of 50 Hz or 59.94 Hz only alternate frames are used for
synchronization.

6.2 Tape speed

The tape speed shall be as defined in table 1. The tape speed tolerance for all record unit rates shall be +
0.2%.

Table 1 — Tape speeds for each record unit rate

Record unit rate Tape speed
23.98 Hz 94.096 mm/s

24 Hz 94.190 mm/s

25 Hz 98.115 mm/s
29.97 Hz 117.62 mm/s

6.3 Helical record physical parameters
6.3.1 Helical record location and dimensions

The reference edge of the tape for the dimensions specified in this standard shall be the lower edge as shown
in figure 27. The magnetic coating, with the direction of tape travel as shown in figure 27, is on the side facing
the observer.

The program reference point for each video frame of 23.98-Hz, 24-Hz, 25-Hz, and 29.97-Hz frame rates (or
the first frame of a frame pair for 50-Hz and 59.94-Hz frame rates) is determined by the intersection of a line
which is parallel to the reference edge of the tape at the distance Y from the reference edge and the center
line of the first track in each record unit; that is track 0 of segment 0. The program reference point defines the
start of the first video sector in the record unit.

The physical locations and dimensions of the helical recordings on the tape and their relative positions in
regard to the time code start bit and the reference edge shall be as specified in figure 27 and table 2.

6.3.2 Helical track record tolerance zones

The lower edges of all eight consecutive tracks shall be contained within the pattern of the eight tolerance
zones defined in figure 28.

Each zone is defined by two parallel lines which are inclined at an angle of 4.63066 degrees with respect to
the tape reference edge.
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The center lines of all zones shall be spaced apart by 0.0132 mm. The width of zones 2, 3, 4, 5, 6, 7, and 8
shall be 0.005 mm. The width of zone 1 shall be 0.003 mm. These zones are established to contain track
angle errors, track straightness errors and vertical head offset tolerance. The measuring techniques shall be
as shown in IEC 61237-1 section 7.
6.3.3 Helical track gap azimuth

The azimuth angle of the head gaps used for recording the helical tracks shall be at an angle of a, or a4 to the
line perpendicular to the helical tracks, as specified in figure 27 and table 2.

The azimuth of the first track of every record unit, that is the program reference point, shall be orientated in
the counterclockwise direction with respect to the line perpendicular to the track direction when viewed from
the side of the tape carrying the magnetic recording.

6.4 Longitudinal record physical parameters

6.4.1 Longitudinal record location and dimensions

The track widths and tolerances of the control and time code tracks shall be as defined in figure 27 and table
2.

6.4.2 Longitudinal track gap azimuth

The azimuth angle of the head gaps used for recording the longitudinal tracks shall be perpendicular to the
tracks.
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Dimensions in mm

Dimensions Nominal Tolerance
A Time code track lower edge 0 Basic
B Time code track upper edge 0.4 +0.065
C Control track lower edge 0.7 +0.065
D Control track upper edge 1.1 +0.065
E Program area lower edge 1.603 Derived
F Program area upper edge 11.458 Derived
| Helical track pitch (+ / - azimuth) 0.0132 Ref.
J Helical track pitch (+ / + azimuth) 0.0264 Ref.
K1 Video sector 1 length 55.042 Derived
K2 Video sector 2 length 54.894 Derived
L Helical track total length 121.416 Derived
Audio sector length 1.107 Derived
N Tracking data area length 0.695 Derived
P1 Control track ref. To program ref. 50.374 +0.1
P2 TC start bit to program ref. 175.624 0.2
X1 Location of start of video sector 0 0 +0.07
X2 Location of start of video sector 1 66.374 +0.07
X3 Location of start of Audio sector 0 56.486 +0.07
X4 Location of start of Audio sector 1 57.716 +0.07
X5 Location of start of Audio sector 2 58.947 +0.07
X6 Location of start of Audio sector 3 60.177 +0.07
X7 Location of start of Audio sector 4 61.408 +0.07
X8 Location of start of Audio sector 5 62.638 +0.07
X9 Location of start of Audio sector 6 63.869 +0.07
X10  Location of start of Audio sector 7 65.099 +0.07
X11  Location of start of tracking data 55.037 +0.07
Y Program area reference 1.633 Basic
W Tape width 12.65 +0.01
Angles (°)
Dimensions Nominal Tolerance
0 Track angle 4.630663 Basic
al Azimuth angle of track 0 -25.0237 +0.17
a2 Azimuth angle of track 1 24.9763 +0.17

NOTE — The above measurement shall be made under the condition specified in section 4.
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NOTE - Not to scale.

Figure 27 — Locations and dimensions of recorded tracks
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Tape Motion

Figure 28 — Locations and dimensions of tolerance zones of helical track records
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7 Longitudinal track signal and magnetic parameters
7.1 Longitudinal track record parameters
7.1.1 Method of recording

The control track and time code track signals shall be recorded using the hysteretic (non-bias) recording
method.

7.1.2 Flux level

The recording level shall be at saturation of the magnetic domains which is defined as that point above which
0.5 dB increase in output level results from 1 dB increase of input level as indicated on an r.m.s. level meter.

7.2 Control track record parameters
7.2.1 Control track pulse period

The control track pulse, at the point of recording, shall be a series of pulses as shown in figure 29. The period
of the pulses for each record unit rate shall be as defined in table 3.

Table 3 — Control track pulse widths

Record unit rate Control track pulse period
23.98 Hz 20.854 ms + 6 us
24 Hz 20.833 ms £ 6 us
25 Hz 20.000 ms £+ 6 us
29.97 Hz 16.683 ms + 6 us

7.2.2 Control track pulse definition

The rising edge of all control track pulses should be timed to coincide with the input reference signal.

The frame start point is defined as the midway point of the leading sync edge position which identifies the
start of line 1 of the video signal represented by the input reference signal.

The control track pulses shall have nominal periods of 35T, 50T, or 65T between the rising and falling edges
where T is equal to 0.1668 ms (for 29.97-Hz record unit rates), 0.200 ms (for 25-Hz record unit rates),
0.20833 ms (for 24-Hz record unit rates) or 0.20854 ms (for 23.98-Hz record unit rates) as shown in figure 29.
The sequence of the control track pulse width shall be locked to the segment information included in the
corresponding video data.

7.2.3 Flux polarity

The polarity of the tracking-control recording flux shall be as defined by IEC 61213 section 5 and figure 29.
7.3 Time and control code track record parameters

The signal format recorded on the time code track shall be in accordance with SMPTE 12M.

Source pictures that have frame rates of 50 Hz or 59.94 Hz are coded such that each frame pair is recorded
in the appropriate record unit.
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The time and control code information need to be co-timed with the recorded video frame (or video frame pair
in the case of 50-Hz or 59.94-Hz progressive sources). Since each video frame (or frame pair) is formatted
into “shuffle block data” as defined in section 8.3.1, the time and control code information shall both be co-
timed with the associated shuffle block data.

7.3.2 Time and control code signal timing

An external record time and control code input that meets the specifications described in SMPTE 12M or a
time and control code that is internally generated within the recorder shall be timed for recording such that the
relationship between the “start of address” of the time and control code and the program reference point of a
track with an even field address (count) for the video data is as defined by figure 27 and table 2.

1 record unit ( frame or frame pair )

Input l l l l l l l l
VideO ) ) ) ) ) ) ) )
Segment [ 0 1 2 | 3 [ o 1
number
100T 100T
Conli‘rol
trac 1 | f | T
pulse — N |S mr—l-_._t |_T u |_T u |_
65T 35T 50T 35T 50T 65T 50T 35T 50T 65T 50T
Time and
ConffO/ﬁwM H ISWIFR}S [M|H ISWIFR}S M JH ISWIFR}S {M LH ISWIFRIS [M |H ISW
control —{FR) \ fm ] § I (s Jmfn]
NOTES

Following definitions are used in figure 29.
FR: Frame, S: Second, M: Minute, H: Hour, SW: Sync Word
Segment number is defined in section 9.4.2

Figure 29 — Recorded control code waveform
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8 Source Picture and Audio Processing

This section specifies the encoding of ancillary data and picture formats via compression into a bit rate in the
range 353~442Mbps in a packetized format for recording on a type D-16 digital tape recorder. The
compression methods used are constrained implementations of the MPEG-4 Studio Profile DCT and DPCM I-
frame compression methods defined by ISO/IEC 14496-2 (MPEG-4 Studio Profile).

The compressed data format specified by the output of the compression encoder is of a form which allows
direct mapping into the basic block structure as defined in section 9.

This section also defines the input format and packing of twelve audio channels conforming to AES3.

8.1 Introduction (informative)

Figure 30 shows the recorder block diagram, identifying the basic schematic signal processing blocks used to
map the type D-16 picture compression data and twelve channels of AES3 audio data to create the helical
track data records. “The MPEG-4 SP Encoder/MB Shuffling” block in the video data path is defined in this
section as are the “Channel Demux Switch” and “Data Packing” blocks in the audio data path. Figure 30 also
includes helical data packing and ECC processing for the type D-16 tape format which is defined in section 9
of this standard.

VIDEO
DATA
ANALOG/ MPEG4 SP
(ANALOG)—~| "1 e ENCODER/ || OUTERECC | | SHUEFCFEING
(DIGITAL) = INTERFACE MB SHUFFLING ENCODER
Y
ID
______________________________________________________ DATA MUX = SETTING
AUDIO A
DATA ANALOG/ CHANNEL
(ANALOG) — DATA OUTER ECC
DIGITAL || DEMUX [ | ECC [l sHUFFLING
(DIGITAL) —»| INTERFACE SWITCH PACKING ENCODER
HELICAL RECORD SYNC INNER DATA
~¢——— DRIVER AND |«@¢=——— PATTERN |g—————o ECC |« SCRAMBLE
TRACK HEAD GENERATOR ENCODER

Figure 30 — Overall recording block diagram (informative)

Figure 31 shows the playback block diagram, identifying the basic schematic signal processing blocks used to
map the helical track records to the source picture data stream and twelve AES3 audio data streams. Figure
31 also includes a type D-16 decoder/deshuffling block.
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PLAYBACK
HELICAL SYNC INNER ECC ID ERROR DATA
TRACK A",\LE,AENF,;RgQ DETECT DECODER COMPENSATION DESCRAMBLE
VIDEO
DATA <¢—— DIGITAL/ MB DESHUFFLING/
(ANALOG) OUTER ECC ECC
ANALOG |-  — | — —— DATA
(DIGITA) < |\ TEREAGE "SEESESE DECODER DESHUFFLING DEMUX
AUDIO
DATA
<¢—— DIGITAL/ CHANNEL
(ANALOG) ANALOG < < ERROR <+ < OUTER ECC -+ ECC
(DIGITAL) <@ INTERFAGE W COMPENSATION DEPACKING DECODER DESHUFFLING

Figure 31 — Overall playback block diagram (informative)

8.1.1 Introduction to type D-16 compression

Type D-16 compression specifies the process for encoding 19201080 | and PsF frames plus three 1920-
word lines of ancillary data per segment. It may also encode of 1280x720 P frames plus three lines of 1280-
word ancillary data per segment.

The recorded bit rate is related to the source picture format and rate as shown in table 4. Note that all 4:2:2
sampling formats use the single link interface according to SMPTE 292M and all 4:4:4 sampling formats use
the dual link interface according to SMPTE 372M.

Table 4 — Data rates associated with source picture rates

Picture format Sampling format Record unit rate/format Base data rate (Mbps)
4:2:2 YCBCR
23.98/PsF 353.529
4:4:4 RGB
4:2:2 YCBCR
24/PsF 353.883
4:4:4 RGB
4:2:2 YCBCR
25/PsF 368.628
4:4:4 RGB
1920 x 1080
4:2:2 YCBCR
29.97/PsF 441.912
4:4:4 RGB
4:2:2 YCgCr
50/ 368.628
4:4:4 RGB
4:2:2 YCgCr
59.94/1 441.912
4:4:4 RGB
4:2:2 YCgCr 50/P 368.628
1280 x 720
4:2:2 YCgCr 59.94/P 441.912
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Source pictures for encoding are divided into 16x16 shuffle blocks, which are then shuffled and grouped into
macro block units on an intra field or intra frame shuffle pattern for interlace and progressive pictures
respectively. Each 1920x1080 picture or pair of 1280x720 pictures is shuffled to produce 40 macro block units. Macro
block units are encoded using the DCT or DPCM methods of MPEG-4 Studio Profile compression, as defined
by ISO/IEC 14496-2 subject to constraints defined in this standard.

Each MPEG-4 compressed macro block unit is then packed with segmented uncoded ancillary data into 204
fixed length basic blocks. Complete macro block units should be grouped into coded sequences comprising
24 auxiliary basic blocks followed by 4080 compressed data basic blocks.

The encoding process uses one or more coding channels to process the source pictures and ancillary data.
Each coding channel produces two sequential coded sequences.

Figure 32 shows a block diagram of a type D-16 encoder using one coding channel.

High Picture Data i Coded Data
Definition Picture Encode Coded
_Source gy fle ook | Sequences
Ancillary Data

Figure 32 — Type D-16 encoding, one coding channel

Figure 33 shows a block diagram of a type D-16 encoder using two coding channels.

High Picture Data Picture Encode Coded Data
Definition Coded
Source Shuffle Pack Sequences
Ancillary Data
Picture Data | Picture Encode Coded Data Coded
Pack Sequences
Ancillary Data

Figure 33 — Type D-16 encoding, two coding channels

In this standard, section 8.2 describes the source picture data formats; section 8.3 describes the source
picture segmentation and shuffling; section 8.4 describes the picture data encoding and section 8.5 describes
the encoded data packing. Section 8.6 defines the audio input format and the audio data packing.

Page 34 of 91 pages



SMPTE 409M-2005

The compressed picture and audio data packet formats specified by this section are used as the source data
stream for the helical track data processing which maps the type D-16 packetized data stream format for
recording to the type D-16 tape format.

Annex A defines the digital interfaces that are required to create the full type D-16 specification.

8.2 Input formats

Source ancillary and picture data for processing with type D-16 encoding shall comprise one of two picture
sizes as defined in sections 8.2.1 and 8.2.2.

8.2.1 1920 x 1080 format pictures

Type D-16 encoding shall process each complete 1920x1080 picture with the sample structure and line
numbers as defined in SMPTE 274M for | and PsF frame formats. The image representations allowed shall
be 4:2:2 YCgCr or 4:4:4 RGB, both with 10-bit component resolution.

Each encoded field or segmented frame shall be packed with three 1920-word lines of 10-bit ancillary data.

These three lines shall be selected from the allowed ranges as shown in table 5. Only the values
corresponding to the luminance or green (Y or G) picture component shall be encoded.

Table 5 — 1920x1080 ancillary data line number ranges

Field or segmented frame Ancillary line number range
First field 9to 20
Second field 572 to 583

NOTE - The range of ancillary data lines and video components that can be encoded represents a subset of those
provided for by the SMPTE-274M standard.

Type D-16 1920%X1080 source picture rates for compression shall be constrained to the values specified in table 6 and
those defined in SMPTE 274M. Note that all 4:2:2 sampling formats use the single link interface according to SMPTE
292M and all 4:4:4 sampling formats use the dual link interface according to SMPTE 372M.

Table 6 — 1920%1080 source picture rates

Record unit

(frame) rate Sampling format Picture format
4:2:2 YCBCR i
23.98 One progressive segmented frame (PsF)
4:4:4 RGB
4:2:2 YCgCr
24 One progressive segmented frame (PsF)
4:4:4 RGB
4:2:2 YCBCR .
One progressive segmented frame (PsF)
25 4:4:4 RGB
4:2:2 YCBCR i .
Two interlaced fields (1)
4:4:4 RGB
4:2:2 YCgCr .
One progressive segmented frame (PsF)
29,97 4:4:4 RGB
' 4:2:2 YCBCR . "
Two interlaced fields (1)
4:4:4 RGB
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8.2.2 1280%x720 Format Pictures

Type D-16 encoding shall process two complete 1280x720 pictures as a sequential pair with the sample
structure and line numbers as defined in SMPTE 296M for the progressive frame format. The image
representation shall be 4:2:2 YCgCgr with 10-bit component resolution.

Each encoded picture shall be packed with three 1280-word lines of 10-bit ancillary data. These three lines

shall be selected from the allowed ranges in table 7. Only the values corresponding to the luminance (Y)
picture component shall be encoded.

Table 7 — 1280x720 ancillary data line number ranges

Frame Ancillary line number range
First frame 910 25
Second frame 910 25

NOTE - The range of ancillary data lines and video components that can be encoded represents a subset of those
provided for by the SMPTE 296M standard.

Type D-16 1280%720 source picture rates for compression shall be constrained to the values specified in
table 8 and defined by SMPTE 296 M.

Table 8 — 1280x720 source picture rates

Record unit rate Sampling format Picture format
25 4:2:2 YCgCr Two progressive frames (P)
29.97 4:2:2 YCgCr Two progressive frames (P)

8.3 Input data segmentation and shuffling

8.3.1 Picture segmentation to shuffle blocks

The active picture area defined by SMPTE 274M for 1920x1080 pictures and SMPTE 296M for 1280x720
pictures shall be divided into shuffle blocks comprising data for the three video components representing a
16x16 pixel area of the source picture.

8.3.1.1 1920%1080/PsF 4:2:2 YCgCr pictures

Each 4:2:2 YCgCr 1920%x1080 source picture in the PsF format shall be reconstituted to a progressive
1920%080 frame, and the frame shall be divided into 8160 16 X 16 shuffle blocks as shown in figure 34.

To allow the creation of complete shuffle blocks each frame shall be extended by the addition of 8 lines at the
end of the picture to create a 1920x1088 extended frame. The 8 extension lines shall comprise luminance (Y)
black levels with the decimal value 64, and color difference (Cg and Cgr) achromatic levels with the decimal
value 512.

Each shuffle block shall comprise one 16x16 luminance block and the two co-sited 8x16 color difference
blocks.
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Each 16x16 luminance block shall comprise 16 consecutive samples of 16 consecutive lines in the
1920x1088 extended frame.

Each 8x16 color difference block shall comprise 8 consecutive samples of 16 consecutive lines in the
1920x1088 extended frame.

1920 samples 960 samples 960 samples
< 4 — ————
8
£ 1920*1080 960*1080 960*1080 )
] Y samples Cgsamples Cgsamples 3
= =
D
(4]
ooI Y Extension C; Extension Cy Extension
120 blocks 120 blocks 120 blocks
< > —
2
8 8160 16*16 8160 8*16 8160 8*16
S Y blocks Cg blocks Cg blocks
8

Figure 34 — 1920x1080/PsF 4:2:2 YCgCk shuffle blocks

8.3.1.2 1920x1080/PsF 4:4:4 RGB pictures

Each 4:4:4 RGB 1920x1080 source picture in the PsF format shall be reconstituted to a progressive
1920%1080 frame, and the frame shall be divided into 8160 16x16 shuffle blocks as shown in figure 35.

To allow the creation of complete shuffle blocks each frame shall be extended by the addition of 8 lines at the
end of the picture to create a 1920%x1088 extended frame. The 8 extension lines shall comprise red, green

and blue (R, G, B) black levels with the decimal value 64.
Each shuffle block shall comprise three co-sited 16%16 red, green and blue (R, G, B) blocks.

Each 16x16 R, G or B block shall comprise 16 consecutive samples of 16 consecutive lines in the 1920x1088
extended frame.
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. 1920 samples L 1920 samples L 1920 samples N
Al L4 Al L4 N L4
8

£ 1920%1080 1920*1080 1920*1080 =)
I R samples G samples B samples 3
= =
®
(2

coI R Extension G Extension B Extension
v
. 120 blocks L 120 blocks L 120 blocks N
¢
8 8160 16*16 8160 16*16 8160 16*16
2 R blocks G blocks B blocks
©

Figure 35 — 1920x1080/PsF 4:4:4 RGB shuffle blocks

8.3.1.3 1920x1080/1 422 YCgCr pictures

Each 4:2:2 YCgCr 1920%1080 source picture in the interlaced format shall be processed as two independent
1920%540 fields, and each field shall be divided into 4080 16x16 shuffle blocks as shown in figure 36.

To allow the creation of complete shuffle blocks each field shall be extended by the addition of 4 lines at the
end of the field to create a 1920x544 extended field. The 4 extension lines shall comprise luminance (Y) black
levels with the decimal value 64, and color difference (Cg and Cr) achromatic levels with the decimal value

512.

Each shuffle block shall comprise one 16x16 luminance block and the two co-sited 8x16 color difference
blocks.

Each 16x16 luminance block shall comprise 16 consecutive samples of 16 consecutive lines in the extended
1920x544 field.

Each 8x16 color difference block shall comprise 8 consecutive sample of 16 consecutive lines in the
extended 1920x544 field.
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8
£ 1920*540 960*540 960*540
% Y samples Cgsamples Cgsamples
Y Blanking C, Blanking C,, Blanking
120 blocks 120 blocks 120 blocks
¢ 4 — >
g
8 4080 16*16 4080 8*16 4080 8*16
E Y blocks —— Cgblocks —— Cgblocks
(a2

8.3.1.4 1920x1080/1 4:4:4 RGB pictures

Figure 36 — 1920x540/1 4:2:2 YCgCR shuffle blocks
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Each 4:4:4 RGB 1920x1080 source picture in the interlaced format shall be processed as two independent
1920x540 fields, and each field shall be divided into 4080 16x16 shuffle blocks as shown in figure 37.

To allow the creation of complete shuffle blocks each field shall be extended by the addition of 4 lines at the
end of the field to create a 1920x544 extended field. The 4 extension lines shall comprise red, green and blue

(R, G, B) black levels with the decimal value 64.

Each shuffle block shall comprise three co-sited 16x16 red, green and blue (R, G, B) blocks.

Each 16x16 Y, R, G or B block shall comprise 16 consecutive samples of 16 consecutive lines in the

extended 1920x544 field.

1920 samples

1920 samples

v

-~

1920 samples

v

PN

v
-~

saull ¥¥5

[}
E 1920*540 1920*540 1920*540
Q R samples G samples B samples

(e}

~7 R Extension G Extension B Extension

. 120 blocks L 120 blocks L 120 blocks N

g

8 4080 16*16 4080 16*16 4080 16*16

g R blocks G blocks B blocks

(a2}

Figure 37 — 1920x540/1 4:4:4 RGB shuffle blocks
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8.3.1.5 1280x720/P 4:2:2 YCgCr pictures

Each 1280x720 4:2:2 YCgCrg source picture for compression shall be split into 3600 16x16 shuffle blocks as
shown in figure 38.

Each shuffle block shall comprise one 16x16 luminance (Y) block and the two co-sited two 8x16 color
difference (Cg and Cg) blocks.

The Y, Cg and Cg blocks shall comprise 8 or 16 consecutive samples of 16 consecutive lines in the 1280x720
frame.

1280 samples 640 samples 640 samples
4 > — —
8
£ 1280*720 640*720 640*720
S Y samples Cgsamples Cg samples
80 blocks 80 blocks 80 blocks
4 > — ——
8 3600 16*16 3600 8*16 3600 8*16
) Y blocks Cy blocks Cg blocks
<3

Figure 38 — 1280x720/P 4:2:2 YCgCRr frame shuffle blocks

8.3.2 Mapping shuffle blocks to shuffle sets

The shuffle blocks defined in section 8.3.1 shall be allocated to a number of shuffle sets according to the
process defined in this section. The shuffle blocks within each shuffle set shall be assigned an interim block
number, indicating the order in which the shuffle blocks were allocated to the shuffle set.

8.3.2.1 1920x1080/PsF 4:2:2 YCgCk pictures

The 120x68 shuffle block data for each 1920x1080/PsF 4:2:2 YCgCr source picture shall be divided into four
shuffle sets numbered 0 to 3 by the application of a repeating allocation pattern to the progressive shuffle
block structure of one extended frame defined in section 8.3.1.1.

The shuffle blocks in the frame shall be scanned in a raster scan order from the top left to bottom right of the
frame, and allocated to the shuffle set number defined by the pattern in figure 39.

The first shuffle block allocated to each shuffle set shall have the interim block number ‘0’.
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120 Shuffle Blocks
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A4

0 1 2 3 4 118 119
0 0 1 2 3 0 2 3
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&
67 3 2 1 0 3 1 0

Figure 39 — 1920x1080/PsF 4:2:2 YCgCg shuffle sets

Each shuffle set shall contain 2040 shuffle blocks with interim block numbers from 0 to 2039. These 2040
shuffle blocks shall be allocated to the macro blocks of 10 macro block units, as defined in section 8.3.3.

8.3.2.2 1920x1080/PsF 4:4:4 RGB pictures

The 120x68 shuffle block data for each 1920x1080/PsF 4:4:4 RGB source picture shall be divided into eight
shuffle sets numbered 0 to 7 by the application of a repeating allocation pattern to the progressive shuffle
block structure of one extended frame defined in section 8.3.1.2.

The shuffle blocks in the frame shall be scanned in a raster scan order from the top left to bottom right of the
frame, and allocated to the shuffle set number defined by the pattern in figure 40. The first shuffle block
allocated to each shuffle set shall have the interim block number ‘0’

120 Macro Blocks

-~
A4

0 1 2 3 4 118 119
0| o 1 6 7 0 6 7
1] 5 4 3 2 5 3 2

2| 2 3 4 5 2 4 5 &

=

Q

Q

(o]

3| 7 6 1 0 7 1 0 ®

o

<

0 1 6 7 0 6 7 @
67| 7 6 1 0 7 1 0

Figure 40 — 1920x1080/PsF 4:4:4 RGB shuffle sets

Each shuffle set shall contain 1020 shuffle blocks with interim block numbers from 0 to 1019. These 1020
shuffle blocks shall be allocated to the macro blocks of 5 macro block units, as defined in section 8.3.3.
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8.3.2.3 1920x1080/1 4:2:2 YCgCr pictures

The 120x68 shuffle block data for each 1920x1080/1 4:2:2 YCgCr source picture shall be divided into four
shuffle sets numbered 0 to 3 by the application of a repeating allocation pattern to the progressive shuffle
block structure of two extended fields defined in section 8.3.1.3.

The shuffle blocks in the two fields shall be scanned in a raster scan order from the top left to bottom right of

each field, and allocated to the shuffle set number defined by the pattern in figure 41. The first shuffle block
allocated to each shuffle set shall have the interim block number ‘0’.

120 Shuffle Blocks

-~
v

0 1 2 3 4 18 119
0| o 1 0 1 0 0 1
w
1] 1 0 1 0 1 1 0 _=
e
45
2| 0 1 0 1 0 0 1 i)
[elgley)
ag
~Q
&
33| 1 0 1 0 1 1 0
0 1 2 3 4 18 119
34| 2 | 38 | 2 | 38 | 2 2 | 3
w
35/ 8 | 2 | 38 | 2 | 3 3 | 2 D
[0}
o =
S5
85
3| 2 | 8 | 2 | 3 | 2 2 | 3 o
oo
Qo Q
&
67| 8 | 2 | 3 | 2 | 3 3 | 2
v

Figure 41 — 1920x1080/1 4:2:2 YCgCr shuffle sets

Each shuffle set shall contain 2040 shuffle blocks with Interim Block Numbers from 0 to 2039. These 2040
shuffle blocks shall be allocated to the macro blocks of 10 macro block units, as defined in section 8.3.3.

NOTE - In the shuffle sets there is no sharing of data between the two fields.

8.3.2.4 1920x1080/1 4:4:4 RGB pictures

The 120x68 shuffle block data for each 1920x1080/I 4:4:4 RGB source picture shall be divided into eight
shuffle sets numbered 0 to 7 by the application of a repeating allocation pattern to the progressive shuffle
block structure of two extended fields defined in section 8.3.1.4.

The shuffle blocks in the two fields shall be scanned in a raster scan order from the top left to bottom right of

each field, and allocated to the shuffle set number defined by the pattern in figure 42. The first shuffle block
allocated to each shuffle set shall have the interim block number ‘0’.

Page 42 of 91 pages



SMPTE 409M-2005
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Figure 42 — 19201080/l 4:4:4 RGB shuffle sets

Each shuffle set shall contain 1020 shuffle blocks with interim block numbers from 0 to 1019. These 1020
shuffle blocks shall be allocated to the macro blocks of 5 macro block units, as defined in section 8.3.3.

NOTE - In the shuffle sets there is no sharing of data between the two fields.

8.3.2.5 1280x720/P 4:2:2 YCgCR pictures

The 80x90 shuffle block data for two successive 1280x720/P 4:2:2 YCgCgr source pictures shall be divided
into four shuffle sets numbered 0 to 3 by the application of a repeating allocation pattern to the progressive
shuffle block structure of two frames defined in section 8.3.1.5.

The shuffle blocks in the two frames shall be scanned in a raster scan order from the top left to bottom right of

each frame, and allocated to the shuffle set number defined by the pattern in figure 43. The first shuffle block
allocated to each shuffle set shall have the interim block number ‘0’.
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Figure 43 — 1280x720/P 4:2:2 YCgCk shuffle sets

Each shuffle set shall contain 1800 shuffle blocks with Interim Block Numbers from 0 to 1799. These 1800
shuffle blocks shall be allocated to the macro blocks of 10 macro block units, as defined in section 8.3.3.

NOTE — In the Shuffle Sets there is no sharing of data between the two frames.
8.3.3 Shuffle set allocation to macro block units

Each shuffle block in each shuffle set shall be allocated to a unique macro block in one of 40 macro block
units, numbered from 0 to 39.

Macro block units generated from 1920x1080 pictures shall contain 204 macro blocks numbered from 0 to
203, and macro block units generated from 1280x720 pictures shall contain 180 macro blocks numbered from
0to 179.

The macro block unit number shall be used to select a shuffle set (“set”) and unit value from table 9. For each
macro block in the macro block unit, the macro block number shall be used to generate an interim block
number according to the following pseudo-random mapping equation:

Interim block number = (49 x ((Unit x SIZE) + macro block number) )% RANGE

where “%” represents the remainder of a modulo division operation, and the values for SIZE and RANGE
shall be defined from table 10.
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Table 9 — Shuffle set allocation

Unit

1080/PsF 4:4:4

Set

Unit

1080/1 4:4:4

Set

Unit

1080/PsF 4:2:2

Set

Unit

1080/1 4:2:2
720/P 4:2:2

Set

Macro block unit
number

10

11

12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
27
28
29
30

31

32

33

34

35
36

37

38

39
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Table 10 — Pseudo-Random SIZE and RANGE value

Picture size Sampling format SIZE RANGE
1920%1080 4:2:2 YCgCr 204 2040
1280%720 4:2:2 YCgCr 180 1800
1920%1080 4:4:4 RGB 204 1020

The picture data in the shuffle block corresponding to the calculated interim block number in the shuffle set
indicated by the macro block unit number is extracted from the shuffle set as the data to be encoded for the
macro block in the macro block unit.

8.3.4 Grouping of macro block units in coded sequences

The 40 macro block units generated by the picture shuffling defined in the proceeding sections shall be
processed by coding channels to generate coded sequences of encoded macro block data.

The coded sequence forms the compressed picture part of a segment as defined in this standard. Each
macro block unit shall contain 204 macro blocks numbered from 0 to 203.

8.3.4.1 1920x1080 4:2:2 YC5Cr grouping

For each 4:2:2 YCgCgr 1920x1080 picture, macro block units shall be allocated to one coding channel as
shown in figure 44. The coding channel shall produce two coded sequences, representing the two fields for
interlaced source pictures or two half frames for progressive source pictures.

Half 1920x1088 Extended Picture:
1st Coded Sequence Data

Half 1920x1088 Extended Picture:
2nd Coded Sequence Data

< 14 < »
MBU number in
1st Coding Channel o |1 2 19 20 21 S — 39
Macro Blocks 0 1 2 3 e 203

4:2:2 YCBCR samples 16*16 Y samples 8*16 C_ samples

8*16 CB samples

Figure 44 — 1920x1080 4:2:2 YCgCr macro block unit number allocation

8.3.4.2 1920x1080 4:4:4 RGB Grouping

For each 4:4:4 RGB 1920x1080 picture, the 40 macro block units shall be allocated to two coding channels
as shown in figure 45. The coding channels shall each produce two coded sequences, representing the two
fields for interlaced source pictures or two half frames for progressive source pictures.
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Half 1920x1088 Extended Picture: Half 1920x1088 Extended Picture:
1st Coded Sequence Data 2nd Coded Sequence Data

v

-~
v
-~

MBU number in

1st Coding Channel 0 2 4 18 20 22 2 38
MBU number in

2nd Coding Channel ! _ 3 S 19 2 2 25 39
Macro Blocks 0 1 2 3 203

4:4:4 RGB samples 16*16 G samples 16*16 B samples 1*16 R samples

Figure 45 — 1920x1080 4:4:4 RGB macro block unit number allocation

8.3.4.3 1280x720 4:2:2 YC5Cr grouping

For each pair of 4:2:2 YCgCgr 1280x720 pictures, the 40 macro block units shall be allocated to one coding
channel as shown in figure 46. The coding channel shall produce two coded sequences, representing the two
source frames.

One 1280x720 Frame: One 1280x720 Frame:
. 1st Coded Sequence Data . . 2nd Coded Sequence Data .
N v Al v
MBU number in
1st Coding Channel 0 1 2 19 20 2 22 39
Macro Blocks 0 1 2 3 - - 179
4:2:2 YG,C, samples 16*16 Y samples 816 C_ samples 8*16 C, samples

Figure 46 — 1280x720 4:2:2 YCgCr macro block unit number allocation
The fixed length picture data in each macro block unit shall be encoded as defined in section 8.4 and packed
into fixed length basic blocks as defined in section 8.5.

8.3.5 Ancillary data segmentation
8.3.5.1 Ancillary data burst generation

The complete 10-bit raw data on each of three ancillary data lines selected from each field or segmented
frame for 1920x1080 picture encoding shall be divided along their length into 16-word bursts, as shown in
figure 47. As defined in section 8.2.1 the ancillary data will only comprise the Y or G component. The three
lines of 120 bursts each shall be divided into ancillary data streams, with one stream for each coded
sequence in each coding channel, as defined in section 8.3.5.2.
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Figure 47 — 1920x1080 ancillary data bursts

The complete 10-bit raw data on each of three ancillary data lines selected from each frame for 1280x%720
picture encoding shall be divided along their length into 16-word bursts, as shown in figure 48. As defined in
section 8.2.2 the ancillary data will only comprise the Y component. The three lines of 80 bursts each shall be
divided into ancillary data streams, with one stream for each coded sequence in each coding channel, as

defined in section 8.3.5.2.

1280 samples

v

-~

3 1280*3
o samples
. 80 bursts .
o
£ 803 bursts
™

Figure 48 — 1280x720 ancillary data bursts

8.3.5.2 Ancillary data stream generation

The ancillary data bursts defined in section 8.3.5.1 shall be divided between the coding channels defined in
section 8.3.4 with the addition of two 10-bit header words for each ancillary line in each coding channel. The
ancillary data bursts and associated header words for each coded sequence in each coding channel shall
then be concatenated to form an ancillary stream, which is packed with the encoded data as defined in
section 8.5. The two ancillary header words, AH, and AH,, shall be as defined in figure 49.
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a) AHg Byte
LSB 0 1 2 3 4 5 6 7 8 9 MSB
LNg LNy LN, LNg LNg4 LNg 1 1 1 1
Ancillary Line ID Fixed
b) AH4 Byte
LSB 0 1 2 3 4 5 6 7 8 9 MSB
1 0 0 0 0 0 1 1 1 1
Fixed

Figure 49 — Ancillary data headers

When encoding 1920x1088 4:2:2 YCgCr extended pictures only one coding channel is used. The ancillary
data bursts for each line shall be appended in sequence to the ancillary header words, generating three 1922-
word sets for each coded sequence. These sets shall then be concatenated from the most to least significant
bit of each word and from the lowest numbered ancillary data line to the highest, giving a 57660-bit ancillary
data stream for each coded sequence.

When encoding 1920x1088 4:4:4 RGB extended pictures two coding channels are used. The ancillary data
bursts are allocated alternately to the first or second coding channel on each line, with the left-most burst on
each line being allocated to the first coding channel. Identical header words are included for each ancillary
stream, generating three 962-word sets for each coded sequence in the two coding channels. The sets
allocated to each coded sequence shall then be concatenated from the most to least significant bit of each
word and from the lowest numbered ancillary data line to the highest, giving a 28860-bit ancillary data stream
for each coded sequence in each coding channel.

When encoding pairs of 1280x720 4:2:2 YCgCg pictures only one coding channel is used. The ancillary data
bursts for each line shall be appended to two ancillary header words, generating three 1282-word sets for
each coded sequence. These sets shall then be concatenated from the most to least significant bit of each
word and from the lowest numbered ancillary data line to the highest, giving a 38460-bit ancillary data stream
for each coded sequence.

In the ancillary header word AH, each ancillary line ID shall be a 6-bit unsigned integer representing the line
number of the ancillary line. The range of permissible ancillary line number values for 1920x1080 pictures is
defined in table 5 and for 1280x720 pictures in table 7. The relationship between the line number in the
source picture and the ancillary line ID shall be as defined in table 11.
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Table 11 — Ancillary line ID values

Ancillary line ID 1920%1080 format 1280%720 format
Field Source line Frame | Source line
0 First 9 Not allowed
1 First 10 Not allowed
2 First 11 First 9
3 First 12 First 10
4 First 13 First 11
5 First 14 First 12
6 First 15 First 13
7 First 16 First 14
8 First 17 First 15
9 First 18 First 16
10 First 19 First 17
11 First 20 First 18
12 Second 572 First 19
13 Second 573 First 20
14 Second 574 First 21
15 Second 575 First 22
16 Second 576 First 23
17 Second 577 First 24
18 Second 578 First 25
19 Second 579 Not allowed
20 Second 580 Not allowed
21 Second 581 Second 9
22 Second 582 Second 10
23 Second 583 Second 11
24 Not Allowed Second 12
25 Not Allowed Second 13
26 Not Allowed Second 14
27 Not Allowed Second 15
28 Not Allowed Second 16
29 Not Allowed Second 17
30 Not Allowed Second 18
31 Not Allowed Second 19
32 Not Allowed Second 20
33 Not Allowed Second 21
34 Not Allowed Second 22
35 Not Allowed Second 23
36 Not Allowed Second 24
37 Not Allowed Second 25
38 to 63 Not Allowed Not allowed

The data in each ancillary stream is packed into basic blocks in 15-bit bursts, as defined in section 8.5.4.2.
When all the bits of an ancillary stream have been packed subsequent 15-bit bursts shall be completed by
padding the burst with default zero bits as required. There shall be no sharing of data between ancillary
streams.
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8.4 Picture data encoding
8.4.1 Overview

The macro blocks in each macro block unit shall be encoded in either DCT or DPCM mode using the
operations defined for MPEG-4 studio profile (ISO/IEC 14496-2) subject to the constraints defined in this
section. Figure 50 shows the MPEG-4 studio profile operations required for encoding macro blocks of picture
data.

O—P| DCT Scan ——> Quantize VLC o0 Coded

Macro Coding
Block Macro
Data Block

DPCM GoIomp-Rice
Coding

Figure 50 — Macro block encoding

The MPEG-4 studio profile parameters for DCT and DPCM encoding modes shall be constrained as defined
in table 12. Unless otherwise noted all parameter names shall refer to those defined in the MPEG-4 studio
profile document.

Table 12 — General coding constraints

Description chroma_format rgb_components bits_per_pixel
4:2:2 YCgCr 10 0 10
4:4:4 RGB 11 1 10

After encoding each macro block will comprise a number of variable length codes which shall be packed as
defined in section 8.5.

8.4.2 DCT coding

The encoding of DCT mode type D-16 macro blocks shall follow the encoding operations defined for MPEG-4
studio profile intra macro blocks, when ‘compression_mode’ set to ‘“1’. Section 7.16.4 of ISO/IEC 14496-2
defines the decoding operations for this mode.

8.4.2.1 Discrete cosine transform

Each macro block shall be processed by the MPEG-4 studio profile discrete cosine transform defined for
MPEG-4 studio profile macro blocks. The format of the DCT coefficients is defined in section 7.16.4.4 of
ISO/IEC 14496-2.

The ‘dct_type’ parameter shall be constrained to the value ‘1’, indicating frame DCT coding. This controls the
method used to divide the 8x16 or 16x16 macro block data to 8x8 DCT blocks.

After the transform each 8x8 DCT block will comprise one DC and 63 AC coefficients, which shall be scanned
and quantized as defined in sections 8.4.2.2 and 8.4.2.3.
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8.4.2.2 Scan

The DC and AC coefficients of each macro block produced by the DCT process defined in section 8.4.2.1
shall then be scanned according to the order defined in section 7.16.4.2 of ISO/IEC 14496-2. The
‘alternate_scan’ parameter shall be constrained to the value ‘0’, indicating the zig-zag scan pattern.

8.4.2.3 Quantize

Each macro block shall then be quantized by the MPEG-4 studio profile quantizer. The format of the
quantized values is defined in section 7.16.4.3 of ISO/IEC 14496-2.

The ‘intra_dc_precision’ parameter shall be constrained to the value ‘0. The ‘dct precision’ and
‘q_scale_type’ parameters shall take the same value for all macro blocks sourced from the same interlaced
field or progressive frame. In addition to these constraints, the ‘quantizer_scale_code’ parameter shall be
restricted to the ranges defined in table 13 according to the ‘dct_precision’ and ‘q_scale _type’ parameter
values.

Table 13 — Range for quantizer_scale_code

dct_precision g_scale_type quantizer_scale_code range
3 0 4 to 31
2 0 2t0 31
1 0 1 to 31
0 0 1 to 31
0 1 1 to 31

The quantized DC and AC coefficients for each DCT block in the macro block shall then be VLC encoded as
defined in section 8.4.2.4. The parameters ‘dct_precision’, ‘q_scale type’, ‘intra_quantizer_matrix’ and
‘chroma_intra_quantizer_matrix’ are not restricted in type D-16 compression.

8.4.2.4 VLC coding

The quantized DC and AC coefficients produced by the quantize process defined in section 8.4.2.3 shall then
be encoded by the MPEG-4 studio profile VLC method defined for intra macro blocks. The VLC format is
defined in section 7.16.4.1 of ISO/IEC 14496-2.

In type D-16 compression the default ‘intra_vic_tables’ shall be used. The predictors used in the differential
DC encoding shall be reset in every macro block.

8.4.3 DPCM coding

The encoding of DPCM mode type D-16 macro blocks shall follow the encoding operations defined for
MPEG-4 studio profile intra macro blocks, when ‘compression_mode’ is set to ‘0’. Section 7.16.5 of ISO/IEC
14496-2 defines the decoding operations for this mode.

8.4.3.1 DPCM transform
Each macro block to be encoded by the DPCM method shall be processed by the MPEG-4 studio profile
DPCM transform. The ‘dpcm_scan_order’ parameter shall take the same value for all macro blocks sourced

from the same interlaced field or progressive frame. The ‘rice_parameter’ value for each component shall be
restricted to the range 1 to 10.
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After the transform each component will comprise one 10-bit ‘block_mean’ value and 128 or 256
‘dpcm_residual’ values, which shall be encoded as defined in section 8.4.3.2.

NOTE — The ‘rice_parameter’ may take a different value for each video component in the macro block, as allowed in
ISO/IEC 14496-2.

8.4.3.2 Golomb-Rice coding

The ‘dpcm_residuals’ values produced by the DPCM transform defined in section 8.4.3.1 shall then be
encoded by the MPEG-4 studio profile Golomb-Rice coding.

NOTE — After encoding, each macro block will comprise three 10-bit ‘block_mean’ values and three sets of encoded

DPCM residuals. Each ‘dpcm_residual’ value produces one code word, so 16x16 components (luminance, red, green or
blue) produce 256 code words and 8x16 components (color difference) produce 128 code words.

8.5 Data packing
8.5.1 Overview
The encoding of each macro block unit in each coding channel produces a sequence of coded values for
each macro block. The coded values for each macro block unit shall be packed into 204 basic blocks, with the
addition of header data and ancillary data for each macro block. There shall be no sharing of encoded data

between the basic blocks of different macro block units.

The encoded data for each block in a macro block shall be interleaved before packing. The interleaving will
also include a transcoding operation on DCT blocks’ coded DC coefficients.

The packed basic blocks for the macro block units in each coding channel shall be grouped into two coded
sequences, each comprising 24 auxiliary basic blocks followed by 4080 compressed data basic blocks.

8.5.2 Basic block format

Each basic block shall comprise 230 bytes, divided into four identifier bytes (BIDy to BID3) and 226 payload
bytes, as shown in figure 51.

< 230 Bytes >
226 Bytes (DO — D225)
< —>
11 1 1 226
X o ~ N (32
8 bits % % % % Payload

Figure 51 — Basic block format

The first identifier byte, BID,, shall define a 1-bit basic block type and a 6-bit macro block unit number as
shown in figure 52a.

Bit 7 shall define a basic block type as coded data (value ‘0’) or auxiliary (value ‘1°)

Bit 6 shall have a default value ‘0’
Bits 5 to 0 shall define a macro block unit number as unsigned integer in the range 0 to 39.
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The second identifier byte, BID+, shall define a basic block number as an 8-bit unsigned integer in the range 0
to 203 as shown in figure 52b.

The least significant bit of the third identifier byte, BID,, shall define a basic block count flag as shown in
figure 52c. This bit shall have the value ‘0’ unless otherwise specified. The remaining bits shall be default zero
values.

The four most significant bits of the fourth identifier byte, BID3, shall contain a 4-bit coded sequence segment
number as an unsigned integer in the range 0 to 1 as shown in figure 52d. The remaining bits shall be default
zero values.

a) BID, Byte
LSB 0 1 2 3 4 5 6 7 MSB
MBU0 MBU, MBU, MBU3 MBU, MBU5 0 AUX
Macro Block Unit number Fixed Type
b) BID, Byte
LSB 0 1 2 3 4 5 6 7
BBy BB, BB, BB, BB, BB, BBg BB, MSB
basic block number
c) BID, Byte
LSB 0 1 2 3 4 5 6 7 MSB
CNT 0 0 0 0 0 0 0
Count Fixed
d) BID;Byte
LSB 0 1 2 3 4 5 6 7 MSB
0 0 0 0 Seg Seg, Seg, Segg
Fixed Video Segment number

Figure 52 — Macro block identifier byte descriptions

The segment numbers in each coded sequence shall be determined from the macro block unit number as
defined in table 14.

Table 14 — Coded sequence segment numbers

Macro block unit number Segment number
0to 19 0
20 to 39 1

Bit 7 of the first payload byte (DO0) shall have a default value of ‘0’ in all basic blocks, and shall not be used for
packing any data. Following this the remaining payload bits shall be packed in order, from their most
significant free bit to their least significant bit and from byte DO to byte D225.

Packing for a macro block unit shall begin with basic block number ‘0’ and continue in sequence to basic
block number ‘203’. The basic blocks shall be assembled into coded sequences comprising 24 basic blocks
containing auxiliary data as defined in section 8.5.3 followed by 4080 basic blocks containing compressed
picture data as defined in section 8.5.4.
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8.5.3 Auxiliary basic block packing

Compressed macro block units shall be grouped into coded sequences of 24 auxiliary basic blocks followed
by 4080 compressed data basic blocks. Each auxiliary basic block shall be of the format defined in section
8.5.2. The 226 payload bytes shall be the same in each of the 24 auxiliary basic blocks in the same coded
sequence. Table 15 defines the content of the auxiliary basic block data.

The basic block type in BIDg bit 7 shall be set to “1’ for all auxiliary basic blocks. The macro block unit number
in BIDy shall be set to ‘0’ for all auxiliary basic blocks. The basic block number in BID4 shall be a value in the
range ‘0’ to 23’ in number order, with auxiliary block ‘O’ being the first basic block in the packed coded
sequence. The basic block count in the BID, byte shall be set to ‘0’ for all auxiliary basic blocks.

The video segment number in BID; shall be the same as the video segment number of the first compressed
data basic block in the coded sequence. This value depends on the macro block unit sequence defined in
section 8.3.4 and table 14.

The values in table 15 are unsigned decimal integers.

Table 15 — Auxiliary basic block data

Byte Bits Description Value
BIDO 7~0 BIDg byte Fixed value ‘128’
BID1 7~0 BID1 byte Value ‘0’ to 23’
BID2 7~0 BID; byte Fixed value ‘0’
BID3 7~0 BIDs byte See above
DO 6~0 Reserved Fixed value ‘0’

D1 to D64 7~0 intra_quantizer_matrix As MPEG-4 Studio Profile format
D65 to D128 7~0 chroma_intra_quantizer_matrix As MPEG-4 Studio Profile format
7~6 Reserved Fixed value ‘0’

5 Double rate flag See table 16

4~3 Frame rate

D129 1920%1080/1 (value ‘0’)

2 Processing mode 1920%1080/PsF (value ‘1°)
1280x720/P (value ‘0’)
1 Reserved Fixed value ‘0’
0 rgb_components As MPEG-4 Studio Profile format
7~2 Reserved Fixed value ‘0’
D130 1~0 Picture format 12;8:;2326;&'26 1‘,(;’)
D131 7~0 Reserved Fixed value ‘64’
D132 7~0 Reserved Fixed value ‘49’
D133 7~0 Reserved Fixed value 204’
7 Two basic block packing flag Fixed value ‘0’
D134 6~0 Macro block units per coding channel :ii ;(é%C% :(r)r:;[azt/slljleuz;)‘})o )
D135 to D152 7~0 Reserved Fixed value ‘0’
Interlace (value ‘0’)
D153 7~5 Interlace/PsF/progressive code PsF (value ‘1)

Progressive (value 2°)

4~0 Rate code See table 16
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7~5 Reserved Fixed value ‘0’
D154 4 rgb_components As MPEG-4 Studio Profile
3~0 Input video format 1%8:;%%3}2%% )
D155 7~0 Reserved Fixed value ‘6’
D156 to D161 7~0 Reserved Fixed value ‘0’
D162 7~0 REC_IDI[7:0] A random 16-bit number, unique to the
D163 7~0 REC_ID[15:8] frame
D164 7~0 VITC TC data (frame) See figure 53
D165 7~0 VITC TC data (second) See figure 53
D166 7~0 VITC TC data (minute) See figure 53
D167 7~0 VITC TC data (hour) See figure 53
D168 7~0 VITC UB data (frame) See figure 53
D169 7~0 VITC UB data (second) See figure 53
D170 7~0 VITC UB data (minute) See figure 53
D171 7~0 VITC UB data (hour) See figure 53
e N
D173 7~0 1% ancillary data line number See table 17
D174 7~0 2" ancillary data line number See table 17
D175 7~0 3¢ ancillary data line number See table 17
D176 to D225 7~0 Reserved Fixed value ‘0’

The auxiliary data bytes D1 to D64 shall take the values of the quantizer matrix used when quantizing the
luminance or green component DCT coefficients of each macro block. The bytes shall be in the order defined
by the MPEG-4 studio profile for ‘intra_quantizer_matrix’.

The auxiliary data bytes in D65 to D128 shall take the values of the quantizer matrix used when quantizing
the color difference, blue or red component DCT coefficients of each macro block. The bytes shall be in the
order defined by the MPEG-4 studio profile for ‘chroma_intra_quantizer_matrix’.

The double rate and frame rate bits in D129 shall be derived from MPEG-4 studio profile ‘frame_rate_code’
parameter as indicated in table 16.

Table 16 — Frame rate flags

Description frame_rate_code Double rate flag Frame rate Rate code
1920%1080 23.98Hz 0001 0 10 00000
1920%1080 24.00Hz 0010 0 10 00001
1920x1080 25.00Hz 0011 0 01 00011
1920x1080 29.97Hz 0100 0 00 00100
1280x720 50.00Hz 0110 0 01 01001
1280%720 59.94Hz 0111 0 00 01010

The format for each VITC data word shall be the same as defined in SMPTE RP 188. The least significant bit
of each 4-bit VITC data word shall be aligned to bit 0 or bit 4 of the auxiliary data byte. Appropriate flag
information defined by SMPTE 12M shall be inserted into the corresponding VITC time code data positions of
figure 53.
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LSB MSB
0 1 2 3 4 5 6 7
D164 LSB VITC TC data ( units of frames ) MSB LSB VITC TC data (tens of frames + flag) MSB
D165 LSB VITC TC data ( units of seconds ) MSB LSB VITC TC data (tens of seconds + flag) MSB
D166 LSB VITC TC data ( units of minutes) MSB LSB VITC TC data ( tens of minutes + flag) MSB
D167 LSB VITC TC data ( units of hours ) MSB LSB VITC TC data ( tens of hours + flag) MSB
D168 LSB VITC UB data ( binary group 1) MSB LSB VITC UB data ( binary group 2) MSB
D169 LSB VITC UB data ( binary group 3) MSB LSB VITC UB data ( binary group 4) MSB
D170 LSB VITC UB data ( binary group 5) MSB LSB VITC UB data ( binary group 6) MSB
D171 LSB VITC UB data ( binary group 7) MSB LSB VITC UB data ( binary group 8) MSB

Figure 53 — Auxiliary data time code

The ancillary data line numbers in bytes D173 to D175 shall be derived from the source line numbers as
shown in table 17. The three bytes shall be filled so that the lowest number appears in byte D173 and the
highest number appears in byte D175.

Table 17 — Ancillary data line numbers for 1920x1080 sources

1920%1080 Sources 1280%720 Sources
Source line number Source line number . Ancillary data line
in 1% field or in 2™ field or Source line number number in auxiliary
segmented frame segmented frame in frame basic block
9 572 9 9
10 573 10 10
11 574 11 11
12 575 12 12
13 576 13 13
14 577 14 14
15 578 15 15
16 579 16 16
17 580 17 17
18 581 18 18
19 582 19 19
20 583 20 20
Not allowed Not allowed 21 21
Not allowed Not allowed 22 22
Not allowed Not allowed 23 23
Not allowed Not allowed 24 24
Not allowed Not allowed 25 25
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8.5.4 Compressed data basic block packing

Each macro block unit shall be packed into 204 compressed data basic blocks. Each macro block in the
macro block unit shall pack macro block header data (as defined in section 8.5.4.1), ancillary data (as defined
in section 8.5.4.2) and compressed picture data. The DC coefficients for DCT encoded macro blocks shall be
transcoded as defined in section 8.5.4.3. The code words shall be interleaved as defined in section 8.5.4.4
and packed into the basic blocks of the macro block unit as defined in section 8.5.4.5.

8.5.4.1 Macro block header data packing

Header data for each encoded macro block shall be packed into the basic block with the macro block unit and
basic block number corresponding to the macro block unit and macro block number of the block.

The sequence of bits to be packed for each macro block shall be as defined in table 18. The first bit shall be
packed into bit 6 of the first payload byte, DO. The header comprises 34 bits for macro blocks encoded in DCT
mode and 37 bits for macro blocks encoded in DPCM mode.

The type D-16 parameter ‘type d16_compression_mode’ shall be set to the inverse of the MPEG-4 studio
profile ‘compression_mode’ parameter.

The type D-16 parameter ‘type_d16_dct_precision’ shall be set to the bitwise inverse of the MPEG-4 studio
profile ‘dct_precision’ parameter.

The type D-16 parameter ‘type_d16_mb_length’ shall be equal to the total number of bits packed for the
macro block plus one. This includes the header and ancillary bits and the compressed data bits, taking into
account the DC transcoding defined in section 8.5.4.3. It does not include the size of the four BID bytes in the
basic block.

The values in table 18 are unsigned decimal integers.

Table 18 — Macro block header syntax

Name Number of bits Value
MacroBlockHeader{
type_d16_ancillary_enable 1 1
type_d16_mb_length 14 variable
type_d16_ancillary_bits 8 15
type_d16_compression_mode 1 Oor1

If (type_d16_compression_mode == 0) { // DCT mode

intra_dc_precision 2 0

quantizer_scale_code 5 1to 31
q_scale_type 1 Oor1
type_d16_dct_precision 2 0to 3

} else {// DPCM mode

dpcm_scan_order 1 Oor1
Y/G component rice_parameter 4 1t0 10
Cg/B component rice_parameter 4 1to 10
Cr/R component rice_parameter 4 1to 10

}
}

8.5.4.2 Ancillary data packing

Following the macro block header data, the next 15 bits shall be taken from the ancillary data stream for the
relevant coded sequence, as defined in section 8.3.5.

Page 58 of 91 pages



SMPTE 409M-2005

The first 15 bits of the ancillary data stream shall be packed into basic block number ‘0’ of the first macro
block unit in the coded sequence, and subsequent bursts of 15 bits shall be packed into each successive
basic block. When all the available bits of the ancillary data stream are packed for the field, subsequent basic
blocks shall pad the ancillary data with zero bits as required. There shall be no sharing of ancillary data
between coded sequences.

NOTE - Including the unused payload bit (byte DO bit 7), the DCT format macro blocks have 50 header and
ancillary bits and the DPCM format macro blocks have 53 header and ancillary bits.

8.5.4.3 DCT Block DC transcoding

The encoded differential DC values in each DCT mode macro block are decoded to their original quantized
values. New DC differential values shall then be calculated as defined in this section. The new values are
then VLC coded as defined by MPEG-4 studio profile.

8.5.4.3.1 4:2:2 YCgCr DCT blocks

For 4:2:2 YCgCg macro blocks, the new DC differentials for each component shall be recalculated in the order
defined for the MPEG-4 studio profile. The initial predictor value shall be zero for each component. The block
order for the new DC differential calculation is shown in figure 54 for information.

Y Component:

Differential DC block order =0, 1, 2, 3

Cg Component:

Differential DC block order =4, 6

Cr Component:
5

Differential DC block order =5, 7

7

Figure 54 — 4:2:2 YCgCR differential DC block order (informative)

The new differential DC values shall then be VLC coded as defined by ISO/IEC 14496-2, with the exception
that the ‘marker_bit’ indicated in the MPEG-4 studio profile “StudioBlock” syntax shall not be included.

8.5.4.3.2 4:4:4 RGB DCT blocks

For 4:4:4 RGB macro blocks the new DC differentials for each component shall be recalculated in the block
order defined by figure 55 using the MPEG-4 studio profile DCT block numbers. The initial predictor value
shall be zero for each component.

The block order for the new DC differential calculation is different to that defined by the MPEG-4 studio profile
for the red and blue components.
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G Component:

Differential DC block order =0, 1, 2, 3

Differential DC block order =4, 8, 6, 10

R Component:
5 9

Differential DC block order =5, 9, 7, 11
7 11

Figure 55 — 4:4:4 RGB differential DC block order

The new differential DC values shall then be VLC coded as defined by ISO/IEC 14496-2, with the exception
that the ‘marker_bit’ indicated in the MPEG-4 studio profile “StudioBlock” syntax shall not be included.

8.5.4.4 Code interleave

After the encoding steps defined in the previous sections each macro block comprises a number of code words
which are interleaved into a continuous sequence of bits as defined in one of the four following subsections.

8.5.4.4.1 4:2:2 YCgCr DCT code interleave

For each 4:2:2 YCgCgr macro block encoded in DCT mode, each of the 8 DCT blocks comprises one DC code
word and between 1 and 63 AC code words.

The code words shall be interleaved by taking one code word from each DCT block in sequence, as defined
in figure 56, and concatenating its bits from the most significant to least significant to create a continuous
sequence of bits for the macro block which is then packed as defined in section 8.5.4.5.

Figure 56 defines the component type and the MPEG-4 studio profile DCT block number in the interleave
sequence.

Code Interleave Order

v

Y0 | Y,1 Y2 | Y3 | Ci4 | C.5 | C,6 | C,7

B’ R’ B’ R’

Figure 56 — 4:2:2 DCT code interleave

The first interleaved code word for each DCT block shall be the DC code word, followed by the AC code
words. When all the AC code words in a DCT block have been included in the macro block stream that block
shall be excluded from the next iteration of the interleave sequence.

Figure 57 shows an example of the interleaving for a 4:2:2 YCgCg format macro block encoded in DCT mode
with the interleaving starting at the top left and proceeding from top to bottom then from left to right.
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DC code 1stAC 2 AC
word code word  code word
................................. }
Y0 Y0(0): YO(1): Y0(2): Y0(3):
Y1 Y1(0): Y1(1):
Y2 Y2(0): y2(1): Y2(2):
” ) ) )
E Y3 Y3(0)! Y3(1)! Y3(2)! Y3(3)! Y3(4):
m : : : :
5 Cet Ce(0F | Cad(1) : : v
a ; ; ; ;
Ce5 CR5(0) CR5(1) CR5(2) CL5(3)
C46 C46(0) CeB(1) Cy6(2) v
C.7 CL7(0) C (1) v
v v
Interleaved Code Words
YO(0) | Y1(0) | Y20) || YO@3) | Y3(3) | C5(3) | Y3(4)

Figure 57 — 4:2:2 YCgCr DCT macro block interleaving example
4:4:4 RGB DCT code interleave

For each 4:4:4 RGB format macro block encoded in DCT mode, each of the 12 DCT blocks comprises one
DC code word and between 1 and 63 AC code words.

The code words shall be interleaved by taking one code word from each DCT block in sequence, as defined
in figure 58, and concatenating its bits from the most significant to least significant to create a continuous
sequence of bits for the macro block which is then packed as defined in section 8.5.4.5.

Figure 58 defines the component type and the MPEG-4 studio profile DCT block number in the interleave sequence.

Code Interleave Order

v

GO | G1 | G2 | G3 | B4 | B8 | B6 [B10| R5 | R9 | R7 | R11

Figure 58 — 4:4:4 DCT code interleave

The first interleaved code word for each DCT block shall be the DC code word, followed by the AC code words. When all
the AC code words in a DCT block have been included in the macro block stream that block shall be excluded from the
next iteration of the interleave sequence.

Figure 59 shows an example of the interleaving for a 4:4:4 RGB format macro block encoded in DCT mode
with the interleaving starting at the top left and proceeding from top to bottom then from left to right.
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DC code 1StAC 27 AC
word code word code word
GO G0(0): Go(1): GO(2) GO(3)
G1 G1(0): G1(1):
G2 G2(O)E G2(1)E G2(2)E
G3 G3(O)E G3(1)E G3(2)E G3(3)E G3(4)E
B4 B4(O)E B4(1)E
2] ; ; ; ;
x . . . .
S B8 B8(0). B8(1). B8(2). B8(3).
- . . . .
— : X X
5 Bs B6(0): B6(1)- B6(2):
O . .
B10 B10(0) B10(1)
R5 RS(O)E R5(1)E R5(2)E :
R9 R9(0)E R9(1)E R9(2)E R9(3)E R9(4)E
R7 R7(0)E R7(1):I v v
R11 R11(0) R11(1) R11(2)
v v v
Interleaved Code Words
GO(0) | G1(0) | G2(0) B8(3) | R9(3) | G3(4) | R9(4)

Figure 59 — 4:4:4 RGB DCT macro block interleaving example

8.5.4.4.3 4:2:2 YCgCr DPCM code interleave

For each 4:2:2 YCgCr format macro block encoded in DPCM mode, each component comprises one 10-bit

block mean value followed by either 128 or 256 DPCM residual code words.

The first values interleaved shall be the three block mean values, in the order Y, Cg, Cg. The block mean
values shall be followed by the code words which shall be interleaved by taking one value from each
component in sequence, as defined in figure 60. These values are concatenated from the most significant to
least significant bits to create a continuous sequence of bits for the macro block which is then packed as

defined in section 8.5.4.5.

Code Word Interleave Order

v

Y

Y

C

R

Figure 60 — 4:2:2 YCgCr DPCM code word interleave order
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Figure 61 shows an example of the interleaving for a 4:2:2 YCgCr format macro block encoded in DPCM
mode with the interleaving starting at the top left and proceeding from top to bottom then from left to right. The

luminance code words are shown in two rows to clarify the interleave process.

Block 1stcode 2"code 128" code
Mean interleave interleave interleave
..................................... }
Y Y(0) Y(1) Y(3) Y(255)
w .
£ Y(2) Y(4) Y(256)
2 : : : :
s CO: | G| C@: Co(128);
O . . : .
% (o Cr(0) Cr(1) Cr(2) CB(128)E
- v v v
Interleaved Code Words
Y(0) Cg(0) | CR(0) Y(1) Y(2) Cg(1) | Cr(1) Y(3)

Y(256)

C4(128)

C4(128)

Figure 61 — 4:2:2 YCgCr DPCM macro block interleaving example

8.5.4.4.4 4:4:4 RGB DPCM code interleave

For each 4:4:4 RGB macro block encoded in DPCM mode, each component comprises one 10-bit block
mean value followed by 256 DPCM residual code words.

The first values interleaved shall be the three block mean values, in the order G, B, R. The block mean values
shall be followed by the code words which shall be interleaved by taking one value from each component in
sequence, as defined in figure 62. These values are concatenated from the most significant to least significant
bits to create a continuous sequence of bits for the macro block which is then packed as defined in section

8.5.4.5.

Code Word Interleave Order

v

G

Figure 62 — 4:4:4 RGB DPCM code word interleave order

Figure 63 shows an example of the interleaving for a 4:4:4 RGB format macro block encoded in DPCM mode
with the interleaving starting at the top left and proceeding from top to bottom then from left to right. The
luminance code words are shown in two rows to clarify the interleave process.
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Block 1stcode 2"code 256" code
Mean interleave  interleave interleave
_____________________________________ 3

)] .
% G G(0) G(1) G(2) G(256)+
3 .
o .
= B B(0) B(1) B(2) B(256)
O .
% R R(0) R(1) R(2) R(256)"

v v v v

Interleaved Code Words

GO) | BO) | RO | G6(1) | B() | RN | 6@ | B@) || G256) | B(256) | R(256)

Figure 63 — 4:4:4 RGB DPCM macro block interleaving example

8.5.4.5 Data packing

The compressed and interleaved picture data produced for each macro block in the macro block unit shall be
packed to the 204 basic blocks allocated for the macro block unit by a two stage packing process defined in
this section.

The first stage packs data for each macro block to the basic block with the same macro block unit and basic
block numbers, and stores any unpacked data for the next packing stage. The second stage uses any
unpacked locations in the 204 basic blocks to pack any data stored in the first stage.

8.5.4.5.1 Stage 1 data packing

The concatenated encoded and interleaved data for each macro block shall be packed into its corresponding
basic block immediately after the last ancillary data bit. The macro blocks shall be packed in order from block
number ‘0’ in the macro block unit. For each macro block packing shall continue until either all the macro
block data is packed or bit 0 of the last payload byte of the basic block is reached.

Any remaining unpacked data for the macro block shall be concatenated to form the overflow data for the
macro block unit.

In 4:4:4 RGB mode, the use of two coding channels means that there are only 2040 macro block to pack (10
macro block units) for each coded sequence. Each packed basic block is followed by an unused second basic
block with the same macro block unit and basic block number. These blocks are differentiated from the
packing blocks by setting the basic block count (bit 0 of BID2) to the value ‘1’. All payload bytes in these
second blocks are set to ‘0’ and shall not be used for packing. The unused basic blocks in 4:4:4 RGB mode
are not recorded.

8.5.4.5.2 Stage 2 data packing

When stage 1 packing is complete, any accumulated overflow data shall then be packed into any unused
space in the basic blocks of the macro block unit.

Starting from the lowest numbered basic block in the macro block unit that is not completely filled, the first
overflow data bit shall be packed into the first unfilled bit in the payload space. Successive overflow data bits
shall then be packed into the unfilled bits in the same basic block until either all the overflow data bits are
packed or bit 0 of the last payload byte of the basic block is reached.
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Any remaining unpacked overflow data for the macro block unit shall be packed in the same manner into
subsequent basic blocks with unfilled bits within the macro block unit.

Any remaining unfilled basic block bits at the end of stage 2 packing should be filled with zero. Any unpacked
overflow data bits at the end of stage 2 packing shall be discarded.

NOTE - When packing encoded 1280x720 pictures, basic block numbers 180 to 203 can only contain overflow data bits,
because there is no corresponding macro block in the macro block unit.

8.5.5 Data packing examples (informative)
8.5.5.1 1920x1080 example

Figure 64 shows a reduced example of the packing used for 1920x1080 macro block units. In the example a
macro block unit of 5 macro blocks is packed into 5 basic blocks. The output from the second stage packing is
shown shaded to distinguish it from the first stage packing. In this example there is one unused output
location indicated by ‘X’.

Encoded Macro Blocks before packing Packed basic blocks

0 Aal0 | Aa1 | Aa2 | Aa3 | Aa4 | Aa5 | Aa6 0 Aal Aa1 Aa2 Aa3

1 | AbO | Ab1 | Ab2 1 AbO | Ab1 Ab2 | Aa4

AcO | Ac1 Ac0 Ac1 Aab Aab

AdO | Ad1 | Ad2 | Ad3 | Ad4 AdO | Ad1 Ad2 | Ad3

Macro Blocks
Basic Blocks

A OOWN
A O N

Ael | Ae1 Ae0 Ae1 Ad4 X

Figure 64 — 1920x1080 packing example

8.5.5.2 1280x720 example

Figure 65 shows a reduced example of the packing used for 1280720 macro block units. In the example a
macro block unit of 4 macro blocks is packed into 5 basic blocks. The output from the second stage packing is
shown shaded to distinguish it from the first stage packing. In this example there are no unused output
locations in the example.

Encoded Macro Blocks before packing Packed basic blocks
) 0 | Aa0 | Aa1 | Aa2 | Aa3 | Aad4 | Aa5 | Aab 0 Aa0 | Aat Aa2 | Aa3
:%; 1 AbO | Ab1 | Ab2 | Ab3 'Z‘; 1 AbO Ab1 Ab2 Ab3
g 2 | AcO | Act | Ac2 @ 2 | A0 | Act | Ac2 | Aad
g 3 | AdO | Ad1 | Ad2 | Ad3 | Ad4 | Ad5 g 3 AdO | Ad1 Ad2 Ad3
4 Aa5 | Aa6 | Ad4 | AdS5

Figure 65 — 1280x720 packing example
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8.6 Audio input format and data packing
8.6.1 General

The type D-16 tape format shall facilitate the recording capability of 12 channels of digital audio data, which
correspond to six pairs of AES3 audio data at 24 bits per sample resolution. Each channel shall be
independently editable by channel independent allocation of audio recording sectors on the tape. The
encoding process for recording is common to all audio channels except for the recorded positions and the
audio sync block identification patterns (ID/ID4). The format also provides the capability of recording non-
audio data in some applications.

8.6.1.1 Sampling clock

The sample clock frequency of the AES3 audio data shall be 48 kHz and synchronized to the record unit rate.

8.6.2 Audio sample segmentation and packing

The type D-16 tape format records 2002 audio words of 24-bits per word for each record unit period. Similar
to video, each audio record unit consists of two audio segments.

AES3 audio data corresponding to each audio segment shall be packed into a block of 1001 audio words.
The AES3 audio data packing shall start from word WO until it reaches the last word determined by the record
unit rate. If the packed data size is less than 1001 words, then the remainder of the block shall be filled with
zero data. Table 19 shows the cases of packed data and stuffing for each record unit rate.

Table 19 — Packing size for each record unit rate

Record unit rate Valid sample Stuffing (zero data) Remarks
23.98Hz WO to W1000 None
24Hz WO to W999 W1000
25Hz WO to W959 W960 to W1000
29.97Hz WO to W799 W800 to W1000 Field 0 of audio 5 field sequence
29.97Hz W0 to W800 W801 to W1000 Field 1 to 4 of audio 5 field sequence

8.6.3 Data recording mode

The data recording mode provides the capability to record 24-bit AES3 audio samples, which are packed
beginning at the defined point after the start of the source record unit and finishing at the defined point before
the end of source record unit. Figure 66 shows the start and end sample numbers for each record unit in
relation to the input reference video.

In the data recording mode for non-audio applications, the rate converter shall be disabled.

Output data shall contain the same number and location of zero data samples as present at the input.
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Record Unit
Input audio data ‘ 0‘ ‘ | § I | ‘ L] ‘ E ‘ ‘ | l
Output audio data ‘ 0 ‘ ‘ | § ‘ | ‘ L L] ‘ E ‘ ‘ | ‘
+—>
Zero data add Zero data add

Record unit rate S E
23.98 Hz 0 2001
24 Hz 0 1999
25 Hz 0 1919
29.97 Hz 0 1599 or 1600

NOTE - S: Start sample number of record/playback data
E: End sample number of record/playback data

Figure 66 — Start and end sample number of data recording mode

8.6.4 Audio auxiliary data words

Six Audio auxiliary data words shall be added to the audio data for each channel. These are recorded to allow
the playback system to reproduce the full AES3 data format.

The six audio auxiliary data words, each of 24 bits, shall be as defined in figure 67. These six words shall be
recorded, for each audio channel, as defined in section 9.3.1.
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[O|1]2]|3[4]|5|6|7|8|]9[10]11]12] 13| 14| 15[16[17[18 |19 |20 |21 |22 |23 ]|
rrrrrrrrrrrrrrrrtr T 1T 1T 1T T

LSB MSB
AUX0
Frame Rate DIV 5F ID Reserved
AUX1
Channel status byte 0 Channel status byte 1 Channel status byte 2
AUX2
AUX3
Reserved
AUX4
Reserved
AUX5
Reserved
AUX 0: Frame Rate(bit0~3) ‘0000’: 24Hz  ‘0001': 25Hz

‘0010°: 30Hz ‘0011’: 60Hz
Others: reserved

DIV (bit4) ‘0":1 1’:1.001
5F ID (bit5~7) ‘000’: 800 sample Others: 801 sample
Reserved (bit8~23) 0000h

AUX 1: Channel status byte 0 (bit0~7) The channel status specified in AES3
Channel status byte 1 (bit8~15)  The channel status specified in AES3
Channel status byte 2 (bit16~23) The channel status specified in AES3

AUX 2: Reserved (bit0~7) 00h
Audio track mode (bit8, 9) ‘00’: Audio
‘01’ Video
Others: Reserved
Reserved (bit10, 11) 117 Reserved
Audio validity (bit 12~15) ‘1010’ Audio invalid
Others: Audio valid
Record source (bit 16~18) ‘000’: Analog

‘001": AES/EBU
‘010": HD SDI
Others: Reserved

RECM (bit19) ‘0’: Initial recording ‘1’: Edit recording
Record content (bit 20~22) ‘000’ PCM
‘001’: Data
Others: Reserved
Exist (bit23) ‘0’: Data existing ‘1’ No data
AUX 3~AUX 5: Reserved 000000h

Figure 67 — Audio auxiliary data words
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9 Helical Track Signal Parameters and Magnetization

This section defines how the compressed picture data stream and twelve AES3 audio data streams are
mapped to the helical track records.

9.1 Introduction (informative)

Figure 30 in section 8.1 shows the recorder block diagram, identifying the basic schematic signal processing
blocks used to map the type D-16 picture compression data and twelve channels of AES3 audio data to
create the helical track data records.

Figure 31 in section 8.1 shows the playback block diagram, identifying the basic schematic signal processing
blocks used to map the helical track records to the type D-16 compressed picture data and twelve channels of
AES3 audio data. Figure 31 also includes type D-16 decoder/deshuffling blocks.

Section 9.2 defines the video outer correction and shuffling blocks.
Section 9.3 defines the audio outer correction and shuffling blocks.
Section 9.4 defines the sync block structure, identification and track layout.
Section 9.5 defines the channel coding.

Section 9.6 defines the magnetization.

9.1.1 Labeling convention

The lowest numbered byte is shown at the top-left and is the first encountered in the data stream. A suffix "h"
indicates a hexadecimal value.

9.2 Video data outer correction and shuffling

The input to the video outer correction comprises the sequence of packed basic blocks defined in section 8.5.
This sequence forms an array that provides the input to the video outer correction function.

9.2.1 Video outer correction

The parameters for the video outer error correction code (ECC) are defined in this section. The outer ECC
shall be of the Reed-Solomon (RS) type having 12 check bytes placed at the end of each group of 114 video
data bytes. Details of the RS code common to all outer ECC blocks shall be as follows:

— Galois field: GF(256)
— Field generator polynomial: X+ X+ X+ X2+ 1,

where Xi are place-keeping variables in GF(2), the binary field. Note that the '+’ sign indicates modulo binary
addition.

— The code generator polynomial (GF(256)) is defined as:

G(X) = (X + o)X + a)(X + )X + o)X + o)X + )X + o)X + )X + )X + o)
X+ o)X +a'

where a is given by 02h in GF(256). Note that the ‘+’ sign for this and the following equations indicates
modulo 256 addition.
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The check characters are defined as:
P11= P10= P9= P8= P7= P6= P5= P4= P3= P21 P1= P0 in
PiX™ + PioX' + PoX® + PgX® + P/ X7 + PeX? + PoX® + P X* + PaX + PoX2 + P X' + P

obtained as the remainder after dividing the polynomial X**D(X) by G(x), where Pi are bit-inverted words of
PVi shown in figure 68, and D(X) is the polynomial given by:

D(X) = Dy43X"™ + Dy1oX 2+ Dy X" + DyyoX"0 + .. + DX2 + D:X' + Dy

The polynomial full code is defined as:

D113X'% + D112X'2 + D11 X'2 + ...+ DX + DoX'2 + P X" + PyoX'0 + PoX® +
P.X* + PaX? + PoX2 + P4X' + Py =0 (mod G(X))

There are 36 outer ECC blocks per segment where each outer ECC block comprises 114 video data sync
blocks which shall be organized as shown in figure 68. The horizontal axis is aligned with the basic block data
and the vertical axis is aligned with the outer error correction code.

Bo25  B22s Bo
k 0 1 225
D113 0 BASIC BLOCK DATA (ROW = 0)
D112 1 BASIC BLOCK DATA (ROW = 1)
D141 2 BASIC BLOCK DATA (ROW = 2) VIDEO DATA 114
: BLOCKS
Dy 112 BASIC BLOCK DATA (ROW = 112)
Do 113 BASIC BLOCK DATA (ROW = 113)
P11 114 PV11 PV11 PV11 PV11 PV11 | e PV11
P10 115 PV1o PV1o0 PV1o PV1o PVio | e PV1o0
: OUTER PARITY
Po 123 Pv2 PV2 PV2 PV2 Pv2 | e PV2 12 BLOCKS
P1 124 PV1 PV1 PV1 PV1 PV1 | e PV1
Po 125 PVo PVo PVo PVo PvVo | .- PVo

ECC Block

Figure 68 — Video data blocking

The algorithm for determining the OUTER_NUM and ROW with respect to the SYNC_SEQ, UL and
TRACK_NUM is defined as follows:

OUTER_NUM = ((SYNC_SEQ + ULx189 + (TRACK_NUM % 4) x 9
+ (TRACK_NUM/ 4) x 12) / 2) % 18 + (SYNC_SEQ + UL + TRACK_NUM) % 2) x 18

ROW = SYNC_SEQ /9 + UL x 21 + (TRACK_NUM / 4) x 42

NOTE — SYNC_SEQ, UL and TRACK_NUM are defined in section 9.4.2.4
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9.2.2 Video shuffling output

The output of the outer error correction is shuffled by reading the data out of the array in figure 68 in
horizontal scanning order.

9.3 Audio data outer correction and shuffling
9.3.1 AES3 data shuffling

The intra-segment shuffling scheme of audio and auxiliary data per audio channel is depicted in figure 69 in
conjunction with a formation of outer error correction blocks. Two separate outer error correction blocks shall
be used to separate odd and even audio samples for protection from potential tape damage. Each outer error
correction block shall contain 504(63x8) words of 24 bits.

Eight outer error correction bytes shall be formed from eight bytes of data placed in the vertical direction of
the array in figure 69. In the horizontal direction of the array, 63 words of 24bit data shall be placed as a row
each representing an audio sample or auxiliary data. Each row of 189 (63x%3) bytes of data forms an audio
inner data block.

Six auxiliary data words of 24-bit length shall be allocated in two outer error correction blocks. The auxiliary
data word “AUXO0” shall be placed in two blocks for additional protection.
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ROW NUMBER “Rn”

v

1001 24-bit WORDS per segment

Audio Outer ECC block “N”

0 1 2 60 61 62 < Pack number
D7 RO AUX0 10 26 954 970 986 4
D6 R1 AUX1 12 28 - 956 972 988
D5 R2 AUX2 14 30 958 974 990 Audio Data
D4 R3 0 16 32 960 976 992 8 blocks
D3 R4 2 18 34 962 978 994
D2 R5 4 20 36 964 980 996
D1 R6 6 22 38 - 966 982 998
DO R7 8 24 40 968 984 1000 v
P7 R8 [PV,yiPVyiPV,|PVy!PVyi PV, |PV,iPV,iPV, PVo!PVg!iPVo|PVo!PVg ! PVo|PVoi PVyi PV |4
P6 R9 [PViiPV/PV,|PV/iPV, PV, |PV,iPV; PV, PV, iPV1iPV, [PV, PVy PV, [PV iPV, 1PV,
P5 R10 [PV, PV, PV,|PV, PV, PV, [PV, PV,IPV, PV,!PV,iPV,|PV,! PV, PV, | PV, PV,i PV, Outer
P4 R11 [PV3 PV3 PVs|PVs PVsiPV;|PVs PV5iPV, PV PV3iPV;|PV3iPVs PV |PV3i PV3iPV; Parity
P3  R12 [PVa PV. PVe|PV. PV, PV.|PV, PV, PV, PValPVs PV |PV4 PV.IPV,|PV. PV, PV,| | 8 Plocks
P2  R13 [PVs PVs PVs|PVs!PVs! PVs|PVs PVs! PV PVs!PVs!PVs|PVs! PVs! PVs|PVs! PVs! PVs
P1  R14 [PVe!PVe PVs|PVeiPVe PVs|PVe!PVe! PVs PVs!PVe! PVe|PVs! PVe! PVe|PVs! PVe! PVe
PO R15 |PV;!PV;!PV;|PV;iPV;iPV;|PV;iIPV;iPV; PV7iPV; PV, |PV; 1PV PV, |PV7iPV; PV, | §
ROW NUMBER “Rn”
i Audio Outer ECC block “N+12”
Q 0 1 2 60 61 62 < Pack number
D7 RO AUX3 11 27 955 971 987 4
D6 R1 AUX4 13 29 - 957 973 989
D5 R2 AUX5 15 31 959 975 991 Audio Data
D4 R3 1 17 33 961 977 993 8 blocks
D3 R4 3 19 35 963 979 995
D2 R5 5 21 37 965 981 997
D1 R6 7 23 39 967 983 999
DO R7 9 25 41 969 985 AUX0 |y
P7 R8 [PVo!PVo!PV, PV, PV PVo|PVo PV PV, PVo!PVo: PVo|PVo! PVo!PVo|PVo! PV PV, |4
P6 R9 [PViiPV{PV,|PV, PV, PV, |PV,iPV; PV, PV, iPV1iPV, [PV PV; 1PV, [PV iPV, 1PV,
P5 R10 [PV, PV, PV,|PV, PV, PV, [PV, PV,IPV, PV,!PV,iPV,|PV, ! PV, PV, | PV, PV, i PV, Outer
P4 R11 [PVs PV3 PVs|PVs PVsiPVs|PVs PV5iPV, PV PV3iPV;|PV3iPVs PV |PV3i PV3iPV; Parity
P3  R12 [PVa PV. PVa|PV. PV, PV.|PV,IPV, PV, PValPVs PV |PV4 PV.IPV,|PV. PV, PV,| | 8 Plocks
P2  R13 [PVs PVs PVs|PVs!PVs! PVs|PVs PVs! PV PVs!PVs!PVs|PVs! PVs! PVs|PVs! PVs! PVs
P1  R14 [PVe PV PVs|PVs! PV PVs|PVe!PVe! PVs PVe!PVs! PVs|PVs! PVe!PVs| PV PVe! PV
PO R15 |PV;!PV;iPV;|PV;iPV;iPV;|PV;iPV;iPV; PV7iPV; PV, |PV; 1PV PV, |PV;iPV7 PV, | §
NOTES

1 Two ECC blocks are assigned to each segment of each audio channel.
2 Audio data are aligned with the LSB first order. The left end of each audio data word is LSB.
3 Each audio data word is divided vertically to three 8 bit data for outer parity calculation.

4 Numeric table entries are audio pack numbers.

5 PV, to PV; are outer check words corresponding to audio data of each column.
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9.3.2 Outer ECC

The outer ECC shall be of the Reed-Solomon (RS) type having 8 check bytes placed at the end of each group
of 4 AES3 audio data bytes.

Details of the RS code common to all AES3 outer ECC blocks shall be as follows:

— Galois Field: GF(256)
— Field generator polynomial: X2 + X* +X* + X? + 1,

where X' are place-keeping variables in GF(2), the binary field. Note that the ‘+’ sign indicates modulo binary
addition.

— The code generator polynomial (GF(256)) is defined as:
G(X) = (X + o)X + o)X + o®)(X + a’)(X + o)X + o*)(X + o)X + &)

where o is given by 02h in GF(256). Note that the ‘+ sign for this and the following equations indicates
modulo 256 addition.

The check characters are defined as:

Pz, Pe, Ps, Ps, P3, P2, P4, Pgin
P7X” + PeX® + PsX® + PyX* + PoX® + PoX2 + PiX' + Py

obtained as the remainder after dividing the polynomial: X'°D(X) by G(x), where Pi are bit-inverted words of
PVi shown in figure 69, and D(X) is the polynomial given by:

D(X) = D;X” + DX® + DsX® + Do X* + D3X® + DX? + D41 X' + Dy
The polynomial full code is defined as:

D X" + DeX'*+ DX+ DX "%+ DX+ DoX™ + DyX™+ DpX® + P7X" + PeX® + PsX® + PuX* + PaXC + PoXP +
P.X" + Py =0 (mod G(X))

9.3.2.1 Sync block shuffling

After calculation of the outer ECC, each row shown in figure 69 makes up the data portion of an audio data
sync block as shown in figure 75. The 32 rows of the outer ECC blocks represent every audio and auxiliary
data within a period of one segment. The 32 rows shall be mapped to 12 tracks on the tape as illustrated in
figure 70.

In Figure 70, the horizontal direction shows number of tracks. In this figure 4 tracks are grouped together for
the purpose of explanation. In the vertical direction there are 8 blocks. Each block represents an audio sector
on tape and consists of 4 audio sync blocks. Figure 70 identifies the audio channels from A1 to A12. Figure
70 also shows the detailed mapping of one audio channel outer ECC block as described in figure 69. Two
offset blocks shall be used for one channel audio recording. The actual mapping is shown as matrix (X,Y),
where X indicates audio outer ECC block number “N” in figure 69 and Y indicates row number “Rn” in figure
69.
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N : Outer ECC Block Number
Rn : Sync Block Row Number

N,Rn <}J

A8 A4 A12

3,8
A7 A3 A11

2,8

13,4

1,12
A6 13.0 A2 A10

|
1,8 113,2] 1,9 [ 13,3

1241 0,14 1125 0,15
0,121 12,6 | 0,13 | 12,7

AS 12,0 0,10 [12,1] 0,11 A9
0,8 [122| 0,9 [ 123
Ad A12 A8
3.0 |
head motion
A3 A11 A7
2.0
13,12
14 A2 A10 A6
13,8
1,0 [13,10] 1,1 [13,11
n
¥4
8 t|12.12] 06 [12,13] 0.7
o || 04 [12,94] 05 [12,15
o | @281 0.2 [12.9] 0.3 A9 AS
@ vl 0,0 [12,10] 0,1 [12,11
<t

2 Track Pairs

6 Track Pairs = 1 Segment

Figure 70 — Audio sync block alignments on helical tracks
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9.4 Helical track data parameters

Each record unit of type D-16 compressed picture data is recorded onto twelve helical track pairs together
with the associated AES3 audio data and tracking data. Each helical track is sub-divided into two sectors for
video data, eight sectors for AES3 audio data and one sector space for servo tracking data with edit guard
bands between each sector. The layout of the sectors and guard bands is shown in figure 71.
Each audio and video sector shall be divided into the following components:

a) a preamble containing a clock run-up sequence,

b) a sequence of sync blocks each containing a sync pattern, an identification pattern, a fixed
length data block and terminated with an error control block,

c) a post-amble containing a sync pattern and an identification pattern.

The servo tracking sector is defined in section 9.4.6 and occurs only on the six tracks with the same azimuth
alignment as illustrated in figure 72.

9.4.1 Primary data components on the twelve helical track pairs

Figure 71 shows the general arrangement of preambles, post-ambles, sync blocks, edit gaps and the tracking
data blocks (where applicable) as a group for each of the twelve helical track pairs.

NOTE — the ‘ST’ block is only present on the six helical tracks as identified in figure 73.

Figure 72 shows the specific data arrangement and data sizes.

HEAD EDIT EDIT EDIT EDIT EDIT
VIDEO GAP GAP AUDIO GAP AUDIO GAP AUDIO GAP AUDIO
—"P|secTor o Tt 1% o2 "|secTor o |p[ 7o |secTor 1 P[5! | sEcTOR 2|P[557 ! | sEcTOR 3P
189 video 4 audio 4 audio 4 audio 4 audio
sync blocks sync blocks sync blocks sync blocks sync blocks
&
GAP EDIT EDIT EDIT
AUDIO | |°*P aupio | 1o Aubio | |°*° AUDIO E1G HEAD
~|'|SECTOR 4P "lsecTor 5|P "lsecTor 6P "|sector 7|P 12| VIDEO |P——>
e] ag ag ag Vg1
4 audio 4 audio 4 audio 4 audio 189 video
sync blocks sync blocks sync blocks sync blocks sync blocks
NOTES
1 TP: Track preamble (246 bytes)
2 I1: In-track preamble1 (104 bytes)
3 12: In-track preamble2 (123 bytes)
4 P: Postamble (4 bytes)
5 vg1: P + Edit gap + 12 (246 bytes)
6 ag: P + Editgap +11 (209 bytes)
7 sg1: P + Edit gap (246 bytes)
8 sg2: Edit gap + 1 (640 bytes)
9 Video sync block: 226 bytes
10 Audio sync block: 209 bytes
11 ST: Servo tracking data (590 bytes)

Figure 71 — General sector arrangement on helical track
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Segment ( LSB)

Track Pair

: Track Azimuth

vy

00 + |TP| Vvdo | sg | A lag| A fag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvdi1 | |
00 - |TP| Vvdo sg1 |ST1 sg2| A fag|l A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
01 + |TP| Vdo sg1 |ST2 sg2| A Jag| A |fag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
01 - |TP| Vvdo | sg | A lag|l A fag ag| A |ag| A |ag ag|l A |ag ag| vg1 | Vd1 | |
0 2 + |TP| Vdo | sg | A fag| A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vd1 | |
02 - |TP| Vdo | sg |A gl A fag ag| A |ag] A |ag ag| A |ag g V91| vd1 | |
0 3 + |TP| Vdo sg1 |ST2 sg2| A Jag| A |fag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vd1 | |
0 3 - |TP| vdo sg1 |ST1 sg2| A fagl A |ag ag| A |lag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
0 4 + |TP| Vdo | sg |A ag| A fag ag A fag| A [ag ag| A Jag ag vg1| Vvd1 | |
0 4 - |TP| vdo sg1 |ST1 sg2| A fagl A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
0 5 + |TP| Vdo sg1 |ST2 sg2| A |ag| A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
0 5 - |TP| Vvdo | sg | A Jag| A |ag ag| A lag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
1 0 + |TP| Vdo | sg | A fag| A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
1 0 - |TP| Vvdo | sg | A lag|l A fag ag| A |ag| A |ag agl A |ag ag| vg1 | Vd1 | |
17 1 + |TP| Vdo sg1 |ST2 sg2| A Jag| A |fag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
171 - |TP| Vdo sg1 |ST1 sg2| A fag| A Jag ag| A lag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
1 2 + |TP| Vdo | sg | A fag| A Jag ag| A |ag| A |ag ag| A |ag ag| vg1 | vdi1 | |
1 2 - |TP| Vdo sg1 |ST1 sg2| A Jag| A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvd1 | |
1 3 + |TP| Vvdo sg1 |ST2 sg2| A |ag| A |ag ag| A |ag| A |ag ag| A |ag ag| vg1 | Vvdi1 | |
1 3 - |TP| Vdo | sg | A |ag] A |ag agl A |ag| A |ag ag| A |ag ag vg1| Vd1 | |
1 4 + |TP| Vvdo | sg | A lag| A |ag ag| A |ag| A |ag ag|l A |ag ag|vg1 | Vd1 | |
1 4 - |TP| Vdo | sg | A |ag| A |ag ag| A |ag| A |ag ag| A |ag ag vg1| Vvdi1 | |
1 5 + |TP| Vdo sg1 |ST2 sg2| A |ag| A |ag ag| A |ag] A |ag ag| A |ag ag vg1| Vdi1 | |
1 5 - |TP| Vdo sg1 |ST1 sg2| A |Jag| A |ag ag| A |lag| A |ag ag| A |ag ag vg1| Vdi1 | |
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Vdo:
Vd1:

ST1:
ST2:
vg1:
ag:
sg:
sg1:
sg2:
TP:

Video sector 0

Video sector 1

Audio sector

Servo tracking data (80T)

Servo tracking data (8T)
Post-amble + Edit gap + Preamble
Post-amble + Edit gap + Preamble
Post-amble + Edit gap + Preamble
Post-amble + Edit gap

Post-amble + Edit gap + Preamble
Track preamble

Post-amble

T is a period of Nyquist frequency
recording. ( Refer to 9.4.6)
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189 video sync blocks
189 video sync blocks
4 Audio sync blocks
590 bytes

590 bytes

246 bytes

209 bytes

1476 bytes

246 bytes

640 bytes

246 bytes

4 bytes

Figure 72 — Sector and segment arrangement on helical track
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9.4.2 Track segmentation

Each segment data of video and AES3 audio with servo tracking data shall be recorded in consecutive six
track pairs (12 tracks). The six track pairs form a track segment and a cyclic repetition number of 0, 1, 2 and 3

shall be assigned to each segment.

The segment number sequence shall be continuous in a continuous sequence of record units. The starting

value of the segment sequence at an initial recording shall be either of 0 or 2.

Figure 73 shows the outline of the track segment structure and component parts of the ID; assignment

defined in section 9.4.2.4.

Segment=0 Segment=1 Segment=2 Segment=3
- > >ie >ie >
UL= 1

( Upper sector ) —
[As ] aa [Aa12] As [ A4 [A12] As [ A4 [A12] As [ a4 [A12] ]

Tape Direction | A7 | A3 [A11 [ A7 | A3 [A11 ]| A7 [ A3 [A11] A7 | A3 [ A11]

| A6 | A2 [A10] A6 | A2 [A10] A6 | A2 [A10] A6 | A2 [ A10 |

<—‘ | [ A5 [ A1 | A9 [ A5 [ A1 | A9 | A5 [ A1 | A9 | A5 [ A1 | A9 |

[ [AaJa12] as [ a4 [a12] as [ a4 [A12] As | A4 [A12] As |

[ A3 [A11 [ A7 [ A3 [A11] A7 | A3 [A11]| A7 | A3 [A11] A7 |

| A2 [A10] A6 [ A2 [A10] A6 | A2 [A10]| A6 | A2 [A10] A6 |
uL=0 [AM A [As [A1 [A9 [As [A1 [A9 [AS [A1 [ A9 [ A5 ] |

( Lower sector )

Head Scan
Direction

O OO OO OO OO MOm O
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Figure 73 — Record unit, segment, channel and track pair counts
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9.4.2.1 Video sync blocks

The type D-16 picture compression format provides compressed picture basic blocks and auxiliary basic
blocks which shall be mapped into video sync blocks.

The payload included in each basic block of type D-16 picture compression shall be mapped into bytes 4 to
229 of a video sync block as illustrated in figure 74. The value of byte 2 (IDy) is modified according to the
algorithm specified in section 9.4.2.4.

For each track, the auxiliary basic blocks and the compressed picture basic blocks shall be mapped into the
video sync blocks numbered according to the algorithm specified in section 9.4.2.3.

Every video sync block shall contain a sync identification pattern of 2 bytes, 226 bytes of data, and an inner
check code of 16 bytes.

Figure 74 shows the sync block format for, respectively, video sync blocks.

0 1 2 3 4 5 ,,227 228 229 230 231 232 , 243 244 245
Syp Syq | IDg D1 |Bpos B224‘ $ Bo Bq Bg | Kis Kyg Kyg * s Ko  Ki Ko
7 J 7 J
SYNC ID DATA INNER PARITY
2 2 | 226 N 16 N

INNER CODE BLOCK (244 bytes)

A

\/

246 bytes

A

\/

Figure 74 — Video sync block format
9.4.2.2 Audio sync blocks

The rows of 189 byte data from figure 69 shall form the inner code block of an audio sync block (bytes 4 to
192) as illustrated in figure 75. Every audio sync block shall contain a sync identification pattern of 2 bytes,
189 bytes of data, and an inner check code of 16 bytes.

Figure 75 shows the sync block format for audio sync blocks.

0 1 2 3 4 5 ,,190 191 192 193 194 195 . 206 207 208
Syp Syq | Do D¢ |B1gs B187H B, By Bg |Kis Kyg Kyz s S Ko Ky Kp
7 J 7 J
SYNC ID DATA INNER PARITY
2 2 189 16

A

A

INNER CODE BLOCK (207 bytes)

209 bytes

»
|

Figure 75 — Audio sync block format

\
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9.4.2.3 Sync pattern

The length of the sync pattern shall be 2 bytes. The byte values shall be 76h and B4h leading to the bit
sequence as shown below.

LSB MSB

Byte 0 (Sy0)

Byte 1 (Sy1)

9.4.2.4 Sync block identification pattern

The length of the sync block identification (ID) pattern shall be 2 bytes.

NOTE - The ID pattern for video sync blocks is initialized to be the same as the BID pattern for basic blocks defined in
section 8.5.2. However, the value of the first byte of the BID is modified by the algorithm defined in this section.

The first byte of the ID (IDy) shall be used to uniquely identify every sync block within each VdO sector or Vd1
sector. The second byte of the ID (ID4) shall be used to identify the sector position, track pair and segment
numbers. Figure 76 shows the pattern of the sync block identification.

SYNC BLOCK NUMBER (IDg)

Byte 2
LSB 0 1 2 3 4 5 6 7 MSB

Bo By By B3 By Bs Bg B;

SYNC BLOCK NUMBER (IDg)

\/

SECTOR ID SYNC BLOCKS (ID4)

Byte 3
LSB 0 1 2 3 4 5 5 . sE
uL TRo TR4 TRy SGyp SGy4 SG, SGj
UPPER/
N TRACK PAIR NUMBER | SEGMENT NUMBER .

Figure 76 — Sync block identification bytes
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The first sync block ID byte (IDy) is a coded sequence, which follows the syntax of the IDy defined below. The
last IDy code of each sector shall be reserved for post-amble identification.

The sync sequence number is used as a parameter to derive the 1D, value, and it signifies the order of a sync
block in a sector.

Figure 77 and table 20 shows the assignment of the sync sequence number in a helical track.

Syntax of the ID, algorithm for video sync blocks(MBU_NUM<80p,)

MBU_NUM: Macro block unit number in BID, of compressed picture basic blocks
BB_NUM: Basic block number in BID4 of compressed picture basic blocks

UL: Upper or lower sector identifier, 1 means upper sector

SYNC_SEQ: Sync sequence number

TRACK_NUM: Track pair number.

UL = (MBU_NUMX204+BB_NUM) %2 + (MBU_NUM X 204+BB_NUM)/8) X2) %2

SYNC_SEQ = ((MBU_NUMX204+BB_NUM) %2
+((MBU_NUMX204+BB_NUM)/8) X2) %188

TRACK_NUM = ((MBU_NUMX204+BB_NUM) /2) %4
+((MBU_NUMx204+BB_NUM)/376) x4

Syntax of the ID, algorithm for video AUX sync blocks(MBU_NUM=80p,)
UL = BB_NUM%2
SYNC_SEQ = ((BB_NUM+1) /2)x 188
TRACK_NUM = BB_NUM /2

Syntax of the ID, generation algorithm for sync blocks

{ ID, = 80h:;
for (1=0; | <SYNC_SEQ; i++)
k=1Dy % 2;
for (j=2;j<5;j++)
{

k+=((IDg>>]) % 2);

}
IDg= IDo >> 1+ (k % 2) X 80h;
}

where “>> n” represents n-bit right shift to the left operand.
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EDIT GAP
posT-AMBLE | EC
EB
EA
AUDIO
EDIT GAP SECTOR 5 E9
EC E8
POST-AMBLE
EB
IN-TRACK
EA PREAMBLE 2 POST-AMBLE
AUDIO E9
SECTOR 1 cs EDIT GAP
POST-AMBLE E4
IN-TRACK E3
VIDEO
PREAMBLE 2 o Eo SECTOR 1
EDIT GAP SECTOR 4 E1
POST-AMBLE | E4 EO
E3 IN-TRACK IN-TRACK
E2 PREAMBLE 2 PREAMBLE 1
AUDIO
SECTOR 0 E1 EDIT GAP EDIT GAP
EO
POST-AMBLE | FC POST-AMBLE
IN-TRACK FB
PREAMBLE 2 A
AUDIO AUDIO
EDIT GAP SECTOR 3 F9 SECTOR 7
F8
SAT
IN-TRACK IN-TRACK
EDIT GAP PREAMBLE 1 PREAMBLE 2
POST-AMBLE | BD EDIT GAP EDIT GAP
BC POST-AMBLE F4 POST-AMBLE
BB F3
BA
B9 AUDIO F2 AUDIO
VIDEO SECTOR 2 F1 SECTOR 6
SECTOR 0 Fo
00 IN-TRACK IN-TRACK
PREAMBLE 1 PREAMBLE 1
TRACK
PREAMBLE

BD

BC
BB
BA
B9

00

FC

FB
FA
F9
F8

F4

F3
F2
F1
FO

NOTE — The hexadecimal numbers indicate the values of IDg

Figure 77 — Sync sequence number
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Table 20 — Sync sequence number and UL

Sector Syno sequence o
Video sector VO 00 htoBCh 0
Video sector V1 00 htoBCh 1
Audio sector AO EOhtoE3 h 0
Audio sector A1 E8 hto EB h 0
Audio sector A2 FOhto F3 h 0
Audio sector A3 F8 hto F3 h 0
Audio sector A4 EO h to E3 1
Audio sector A5 E8 h to EB 1
Audio sector A6 FO hto F3 1
Audio sector A7 F8 hto FB 1

The second sync ID byte (ID4), as shown in figure 76, shall be used to define several data fields. The UL bit
shall be used to distinguish the two data sector arrangements corresponding to Upper sector and Lower
sector. Table 20 describes the UL value. The TR bits (TRO, TR1, TR2) shall be used to identify the track pair
number as defined in the table below.

TRO TR1 TR2

Track pair O: 0 0 0
Track pair 1: 1 0 0
Track pair 2: 0 1 0
Track pair 3: 1 1 0
Track pair 4: 0 0 1
Track pair 5: 1 0 1

The SG bits (SGO, SG1, SG2, SG3) shall be used to identify the track segment number as defined in the table
below. The LSB value of the segment number bits in the second sync ID byte (ID,) shown in figure 76 shall
match the Seg0 bit of BID3 defined in section 8.5.2. These bits are defined as follows:

SGO SG1 SG2 SG3

Segment O: 0 0 0 0
Segment 1: 1 0 0 0
Segment 2: 0 1 0 0
Segment 3: 1 1 0 0

9.4.2.5 Data scrambling

Data shall be scrambled before generation of inner ECC as shown in figure 30 in section 8.1 by the field
generator polynomial:

X+ X+ X3P+ X?+1 Seed: ID, Start: B,ys for video
B1ss for audio

The first term is the most significant and first to enter the division computation.
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NOTE — The value of IDO0 for video is loaded into the scrambler at the timing point defined by the location of the B,s word
as identified in figure 74. The value of ID, for audio is loaded into the scrambler at the timing point defined by the location
of the B1gg word as identified in figure 75. Thus the Bazs or B1gg word carries the IDy value as a seed to preset the field
generator polynomial with a unique value for each sync block.

9.4.2.6 Inner ECC calculation

Inner ECC blocks for video sync block are defined as video sync blocks without the 2-byte sync pattern. Each
inner ECC block is 244 bytes in length with the last 16 bytes forming the inner ECC.

Inner ECC blocks for audio sync block are defined as audio sync blocks without the 2-byte sync pattern. Each
inner ECC block is 207 bytes in length with the last 16 bytes forming the inner ECC.

The data content of inner ECC blocks shall be scrambled before generation of the inner ECC, as defined in
section 9.4.2.5.

The inner ECC shall be of the Reed-Solomon (RS) type having 16 check words placed at the end of each
Inner ECC block. Details of the RS code common to all inner ECC blocks shall be as follows:

— Galois field: GF(256)
— Field generator polynomial: XE+ X+ X3+ X2 +1,

where Xi are place-keeping variables in GF(2), the binary field. Note that the ‘+ sign indicates modulo binary addition.
— The code generator polynomial (GF(256)) is defined as:

G(X) = (X+ o)X+ o)X + o)X + a®)X + )X + o)X + o)X + o)X + o¥)X + )X + o)X + ') )X + o)
(X + 0113)()( + OLM)(X + (115)

where o is given by 02h in GF(256). Note that the ‘+ sign for this and the following equations indicates
modulo 256 addition.

The RS check characters are defined as:

K151 K141 K131 K12, K111 K101 Kg, K81 K71 K61 K51 K41 K31 K21 K1, KO in
KisX™ + KX + KiaX™ + KX, KX+ KioX ' + KX® + KgX® + KX+ KeX® + KoX® + K X! + KoXP +
KX + KX + Ko
obtained as the remainder after dividing the polynomial X'°D(X) by G(x), where K; are bit-inverted words
of the ECC words, K;, shown in figures 74 and 75, and D(X) is the polynomial given by:
a) for video sync blocks:
D(X) = IDeX?+ ID4X?° + BygsX??® + BpaX*?* + BypaX??* + ... + BoX2 + BiX' + By
b) for audio sync blocks:
D(X) = IDX'® + DX + ByggX'®® + BygrX'® + ... + BX* + B X' + By
The polynomial full code is defined as:
c) for video sync blocks:
IDEX*® + ID4X?* + BppsX?*" + BppgX?™® + .. + BX'"® + BiX'7 + BoX'™® + KysX™® + KidX™ + . + sz2 +
K:X" + Ko = 0 (mod G(X))
d) for audio sync blocks:

IDX?% + ID41X?%+ ByggX?™ + B1grX?% + ... + BoX'® + By X" + BoX'® + KysX'5 + Ky XM + . + KX2 +
K:X' + Ko =0 (mod G(X))
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9.4.3 Sector preamble

All sector preambles shall have bytes with a value of CCh. The preamble which precedes a second video in a
track shall be 123 bytes long. The preamble that precedes audio sector in a track shall be 104 bytes long.

9.4.3.1 Track preamble

A track preamble (TP) immediately precedes the first video data sector of every track. The length is 246 bytes.

9.4.4 Sector post-amble

All sectors are followed by a post-amble, the length of which shall be 4 bytes. Each post-amble shall consist
of a 2-byte sync pattern and a 2-byte identification pattern.

9.4.5 Edit gap

The space between sectors on a track, exclusive of post-amble and preamble is used to accommodate timing
errors during editing. In an original recording the edit gap shall contain bytes with the value ‘CCh’. The length
of the edit gap varies according to the position on the track.

9.4.6 Tracking servo signal

Two kinds of tracking servo signals shall be recorded on the helical tracks. Both signals shall be recorded
between the fourth audio and second video sectors on azimuth a0 track as indicated in figure 27, table 2 and
figure 71. One signal is a rectangular waveform with an eighth (1/8) of the Nyquist frequency for track O of
segment 0, 2 and 4. The frequency of this signal is 9.71 MHz for 29.97-Hz record unit rates, 8.10 MHz for 25-
Hz record unit rates, and 7.77 MHz for 23.98-Hz and 24-Hz record unit rates. The other signal is a rectangular
waveform with an eightieth (1/80) of the Nyquist frequency for track 0 of segment 1, 3 and 5. The frequency of
this signal is 971 kHz for 29.97-Hz record unit rates, 810 kHz for 2-5Hz record unit rates, and 777 kHz for
23.98-Hz and 24-Hz record unit rates.

9.5 Channel coding

The channel code shall be scrambled NRZ modulation code. The LSB of each byte shall be written first to tape.
9.6 Magnetization

9.6.1 Polarity

During the interval of a recorded data 1, the polarity of data flux shall be such that the north pole of the
magnetic domain shall point in the direction of head motion. Similarly, during the time interval of a recorded
data 0, the polarity of data flux shall be such as to cause the south pole of the magnetic domain to point in the

direction of head motion.

9.6.2 Record level

The level of the recording current applied to the head of a channel shall be optimized for the best signal to
noise ratio in reproduction in the range from half the Nyquist frequency to the Nyquist frequency.

9.6.3 Record equalization

The frequency characteristics of the recording current applied to the head shall be such that the Nyquist
frequency is emphasized by 3 dB with reference to the response at 1 MHz (which is a very low frequency
compared to the Nyquist frequency).
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Annex A (normative)
Digital Interfaces

A.1 Introduction

Figure A.1 represents the relationship between the compression processes and the associated specifications that
provides complete type D-16 specification.

— ‘1" is the MPEG-4 compression specification described in section 8.
— ‘2’ is the VTR specification, described in section 9.

E——
Audio In (AES 3) °

HD SDI In o

(292M or 372M)— DZEQI\S/I)NX » Picture Encoder > Tagsclzzgat — O
HDSDI Out 5

(292M or 372M)e— 29 || picro pecocer o] TEeFomst | O
Audio Out (AES 3)

Figure A.1 — System overview

Equipment which provides digital audio, digital video and SDI interfaces to the Type D-16 format recorder shall conform to
the following general specifications.

A.2 Video interface
A.2.1 Source coding parameters

Source digital signals using 1920x1080 pixels shall comply with the 4:2:2 or 4:4:4 sampling parameters as defined in ITU-R
BT.709 operating at 74.25-MHz and 74.25/1.001-MHz sampling frequencies.

Source digital signals using 1280x720 pixels shall comply with the 4:2:2 sampling parameters as defined in SMPTE
296M.

A.2.2 Digital interface

The 1920%1080 high-definition digital video interface or progressive digital video interface with 1280x720 pixels, if
present, shall conform to the serial digital interface format as defined in SMPTE 292M (for 4:2:2 sampling) or SMPTE
372M (for 4:4:4 sampling).

Ancillary data, if present in the digital video interface, shall conform to the ancillary data packet and space formatting as
defined in SMPTE 291M.

In case of time code information embedded in ancillary data space shall conform to SMPTE RP 188.
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A.3.1 Source coding parameters

SMPTE 409M-2005

The audio sample rate (Fs) shall be 48 kHz locked to the record unit rate of the input reference signal (Fr) as follows:

Table A.1 — Audio sampling clock ratios

Reference record unit rate (Fr) Audio lock ratio
29.97 Hz Fs = Fr x 8008/5
25 Hz Fs=Fgr x 1920
24 Hz Fs = Fgr x 2000
23.98 Hz Fs = Fgr x 2002

A.3.2 Digital Interface

The digital audio interface, if present, shall conform to the format for two-channel audio as defined in AES3 and SMPTE

276M.

The digital audio data interface for embedded AES3 audio data, if present, shall conform to SMPTE 299M.

A.3.3 Sample phasing

For all record unit rates, the first sample of AES3 data in a record unit shall be defined to coincide with line 1 £

6 lines of the input digital video signal.

NOTE - Picture compression encoding may introduce delays in the signal encoding path. These delays may need an

equivalent audio delay.
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Annex B (informative)
Tape transport and scanner

The effective drum diameter, tape tension, helix angle and tape speed taken together determine the track angle. Different methods

of design and/or variations in drum diameter and tape tension can produce equivalent recordings for interchange purposes.

A possible configuration of the transport uses a scanner with an effective diameter of 81.400 mm. Scanner rotation is in the
same direction as tape motion during normal playback mode. Data is recorded by two head pairs mounted at 180° from each
other. Figure B.1 shows a possible mechanical configuration of the scanner and table B.1 shows the corresponding

mechanical parameters. Figure B.2 shows the relationship between the longitudinal heads and the scanner.

Other mechanical configurations are allowable, providing the same footprint of recorded information is present on tape.

Table B.1 — Parameters for a possible scanner design

Parameters Value
29.97-Hz 25-Hz 24(/1.001)-Hz
Record unit rate Record unit rate Record unit rate
Scanner rotation speed ( r.p.s.) 90/1.001 75 72 (/1.001)
Number of tracks per rotation 8 8 8
Drum diameter ( mm) 81.4 81.4 81.4
Center span tension ( N ) 0.3 0.3 0.3
Helix angle ( degrees ) 4.607 4.607 4.607
Effective wrap angle ( degrees ) 171.8 171.8 171.8
Scanner circumferential speed ( m/s ) 23.0 19.2 18.4
H1, H3 over wrap head entrance ( degrees ) 21.9 21.9 21.9
H1, H3 over wrap head exit ( degrees ) 2.3 2.3 2.3
H1 - H2:
H2 — H3: 6.4 6.4 6.4
H3 — H4:
Angular relationship ( degrees ) H5 — H6:
H6 — H7: 6.4 6.4 6.4
H7 — H8:
H1 — H5: 180.0 180.0 180.0
: ) H1 - H2: 0.0113 0.0113 0.0113
Vertical displacement ( mm )
H3 — H4: 0.0166 0.0166 0.0166
Maximum tip projection ( um) 35 35 35
Record head track width ( um) 14 14 14

For the scanner configuration defined above, the recorder data rate and the shortest recorded wavelength are given by

the table B.2, provided for reference only.

Table B.2 — Data rate and recorded wavelength

Parameter 29.97-Hz

Record unit rate

25-Hz
Record unit rate

24(/1.001)-Hz
Record unit rate

Total data rate
Instantaneous channel

593.325 Mbps

data rate 155.41 Mbps 129.64 Mbps
(Maximum rate per channel)
Shortest recorded wavelength 0.294 um 0.294 um

494.932 Mbps

475.135 (/1.001) Mbps

124.45 (/1.001) Mbps

0.294 um
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H1 - H8 : Recording head

H4 H8 Bottom
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Pole tip rotation

Effective
Wrap angle

Total Wrap angle
196.0°

81.4 mm (Nominal)

A
\

Drum diameter

of head track 0.0113x 3
Upper drum
H3 H7 Bottom pPp
of head track — _
M <—— Scanner

H2 H6 Bottom
of head track

H1 H5 Bottom
of head track

«— Lower drum

Dimensions in millimeters

Figure B.1 — Possible scanner configuration
(29.97-Hz, 25-Hz, 24-Hz and 23.98-Hz record unit rates)
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196.0° Total
wrap angle

Effective

Pole tip
rotation

Tape travel

38.939

Control
head

Top view
Program
End of reference
helical track point

38.939

" o]
=O
=)
® 2

=

(]

.

1.633 55.2024
et

Dimensions in millimeters

Figure B.2 — Possible longitudinal head location and tape wrap
(29.97-Hz, 25-Hz, 24-Hz and 23.98-Hz record unit rates)
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Annex C (informative)
Compatibility with the other digital formats using type-L derivative cassettes

The physical format parameters selected for the type D-16 digital tape format provide for the possibility of backwards
compatibility with other digital formats using format-L derivative cassettes.

A scanning drum diameter of 81.4 mm, and associated lead angle of 4.607°, provides the basis for achieving playback
compatibility with other formats.

Automatic detection of a given tape format is provided by the cassette tape format identification holes.

Annex D (informative)
Bibliography

ITU-R BT.709-5 (2002), Parameter Values for the HDTV Standards for Production and International Programme
Exchange
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