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RECOMENDACION UIT-R BT.1620

Estructura de datos para audio, datos y video comprimido basados
en formato DV a una velocidad de transmision
de datos de 100 Mbit/s

(Cuestion UIT-R 12/6)

(2003)
La Asamblea de Radiocomunicaciones de la UIT,
considerando
a) que se han identificado aplicaciones en la produccion y posproduccion de television

profesional donde la compresion de video basada en formato DV puede ofrecer ventajas de
explotacién y econdmicas en comparacion con el funcionamiento basado en la interfaz digital en
serie (SDI);

b) que se han propuesto tres velocidades de transmision de datos dentro del mismo grupo de
compresion para dar servicio a distintas aplicaciones (25 Mbit/s, 50 Mbit/s y 100 Mbit/s);

C) que las frecuencias de muestreo para cada una de las tres aplicaciones son distintas;

d) que para el intercambio internacional de material de programas de alta definicion,
el UIT-R recomienda aplicar la Recomendacion UIT-R BT.709;

e) que los elementos de audio, de datos auxiliares y de metadatos forman parte integrante de
estas aplicaciones;

f) que esos elementos se multiplexan en un tren de datos tnico para su transporte y posterior
procesamiento;

g) que la calidad de la compresion y las caracteristicas funcionales deben ser idénticas y

reproducibles en cadenas de produccion complejas;

h) que a tal efecto deben definirse todos los detalles de los parametros utilizados para la
codificacion y la multiplexion,

recomienda

1 que para las aplicaciones de produccion y posproduccion de television profesional que
utilizan la compresion basada en formato DV a 100 Mbit/s, se utilicen los parametros que figuran
en la Norma SMPTE 370M-2002 «Data Structure for DV-Based Audio, Data and Compressed
Video at 100 Mb/s — 1080/601, 180/501 and 720/60p».

NOTA 1 - La Norma SMPTE 370M-2002 incluye una referencia normativa a la Norma SMPTE
296M «1280 % 720 Progressive Image Sample Structure - Analog and Digital Representation and
Analog Interface». Los siguientes formatos indicados en el Cuadro 1 de la Norma SMPTE 296M no
deberan considerase parte de esta Recomendacion.

Punto del Nomenclatura del Velocidad
Cuadro 1 sistema de cuadro
3 1280 x 720/50 50
6 1280 x 720/25 25
7 1280 x 720/24 24

8 1280 x 720/23,98 24/1,001
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Resumen de la Norma SMPTE 370M-2002

Esta Norma define la estructura de datos basada en formato DV a una velocidad de muestreo de
100 Mbit/s para la interfaz de audio digital, datos de subcodificacion y video comprimido con los
siguientes parametros:

— Sistema 1080/601: estructura de muestreo de imagen de 1920 x 1080, velocidad de trama
59,94 Hz, formato entrelazado.

— Sistema 1080/501: estructura de muestreo de imagen de 1920 x 1080, velocidad de trama
50 Hz, formato entrelazado.

— Sistema 720/60p: estructura de muestreo de imagen de 1280 x 720, velocidad de cuadro
59,94 Hz, formato progresivo.

Esta Norma no define la estructura de datos basada en formato DV para la interfaz de audio digital,
datos de subcodificacion y video comprimido con los siguientes parametros:

— Sistema 720/50p: estructura de muestreo de imagen de 1280 x 720, velocidad de cuadro
50 Hz, formato progresivo.

NOTA 1 — Las Normas SMPTE 370M-2002 y 296M-2001 figuran en los Anexos 1 y 2. Las Normas SMPTE
370M-2002 y 292M-2001 se refieren tnicamente a las versiones 2002 y 2001 respectivamente, que son las
aprobadas el 03.05.03 por las Administraciones de los Estados Miembros de la UIT en cumplimiento de lo
dispuesto en la Resolucion UIT-R 1-3. En virtud del acuerdo entre la UIT y la SMPTE, la SMPTE ha
facilitado y autorizado la utilizacion de estas versiones y el UIT-R ha aceptado su inclusion en la presente
Recomendacion. Cualquier version posterior de las Normas SMPTE 370M y 296M que no hayan sido
aceptadas y aprobadas por la Comision de Estudio 6 de Radiocomunicaciones no formara parte de la
presente Recomendacion. Las tltimas versiones de los Documentos de la SMPTE se pueden consultar en el
sitio web de la SMPTE: http://www.smpte.org/.
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Anexo 1

SMPTE 370M-2002
SMPTE STANDARD

for Television [

Data Structure for DV-Based Audio, Data
and Compressed Video at 100 Mb/s
1080/60i, 1080/50i, 720/60p
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1 Scope

This standard defines the data structure for the interface of DV-based digital audio, subcode data, and
compressed video at 100 Mb/s. The standard defines the processes required to decode the DV-based data
structure into eight channels of AES-3 digital audio at 48 kHz, subcode data, and high-definition video at
1080/60i, 1080/50i, and 720/60p.

The following high-definition video parameters are used in this standard:

1080/60i system —
Input video format: 1920 x 1080 image sampling structure, 59.94-Hz field rate, interlace format.
Compressed video data rate: 100 Mb/s

1080/50i system —
Input video format: 1920 x 1080 image sampling structure, 50-Hz field rate, interlace format.
Compressed video data rate: 100 Mb/s

720/60p system —
Input video format: 1280 x 720 image sampling structure, 59.94-Hz frame rate, progressive format.
Compressed video data rate: 100 Mb/s

In this standard, the 60-Hz system nomenclature refers to both 1080/60i and 720/60p systems; whereas, the
50-Hz system refers only to the 1080/50i system. The nomenclature 1080-line system refers to both 1080/60i
and 1080/50i systems, while, the 720-line system refers only to the 720/60p system.

Copyright © 2002 by THE SOCIETY OF Approved
MOTION PICTURE AND TELEVISION ENGINEERS June 19. 2002
595 W. Hartsdale Ave., White Plains, NY 10607 ’

(914) 761-1100
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2 Normative references

The following standards, through reference in this text, constitute provisions of this standard. 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 editions of the standards indicated below.

AES3-1992, Serial Transmission Format for Two-Channel Linearly Represented Digital Audio Data

ANSI/SMPTE 12M-1999 Television, Audio and Film — Time and Control Code

SMPTE 260M-1999, Television — 1125/60 High-Definition Production System — Digital Representation and
Bit-Parallel Interface

SMPTE 274M-1998, Television — 1920 x 1080 Scanning and Analog and Parallel Digital Interfaces for
Multiple Picture Rates

SMPTE 296M-1997, Television — 1280x720 Progressive Image Sample Structure — Analog and Digital
Representation and Analog Interface

3 Data processing

3.1 General

As shown in figure 1, processed audio, video and subcode data are output for recording on a D-xx recorder.
Additionally this data are output in DIF format data for the different application through a digital interface port.
Detail of process shown in figure 1 is described in clauses 3 and 4. Dotted lines are related to data flow
described in VTR document.

Annex A shows the block diagram of D-xx recorder. Figure A.1 of this document shows the part defined by
this compression format document.

3.1.1 Video encoding parameter

The source component signal to be processed shall comply with the video parameters as defined by SMPTE
274M and SMPTE 296M.

3.1.2 Audio encoding parameter

The audio signal is sampled at 48 kHz, with 16-bit quantization defined by AES3.

3.1.3 Subcode data

The time code format in the subcode area complies with SMPTE 12M.

3.1.4 Frame structure

In 1080/60i and 1080/50i systems, video frame data, audio frame data, and subcode data are processed in
each frame. The audio frame in this standard is defined as an audio-processing unit. In the 720/60p system,
data in two video frames are processed within one frame duration of the 1080/60i system. Consequently,
audio data and subcode data are processed in same way as the 1080/60i system.

Each frame of time code shows a frame number that corresponds to each video frame in the 1080-line

system, and two video frames each in 720/60p system. Therefore, time codes of the 1080/60i and 720/60p
systems are the same.

Page 2 of 62 pages
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Video | Sampling Blocking/ o o VLG .
274M comersion [ Shuffiing [ DCT  [>| Weighting -#>lQuantization—> = o Recording
296M T T
8 /10 bits 8 bits or
more
Rate DIF
control formatter | = PIF
Audio
AES3 —> Shuffling

Subcode
12M

Figure 1 — Data processing block diagram

3.2 Data structure

The data structure of the compressed stream at the digital interface is shown in figure 2. The data of each
frame are divided into four DIF channels.

Each DIF channel is divided into 10 DIF sequences for the 60 Hz system and 12 DIF sequences for the 50-Hz
system.

Each DIF sequence consists of a header section, subcode section, VAUX section, audio section, and video
section with the following DIF blocks respectively;

Header section: 1 DIF block

Subcode section: 2 DIF blocks
VAUX section: 3 DIF blocks
Audio section: 9 DIF blocks

Video section: 135 DIF blocks

As shown in figure 2, each DIF block consists of a 3-byte ID and 77 bytes of data. DIF data bytes are
numbered 0 to 79. Figure 3 shows the data structure of a DIF sequence.

Page 3 of 62 pages
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Data in one frame

First channel Second channel Third channel Fourth channel

DIF sequences

DIF sequence 0,0

Structure of a DIF
sequence

DIF blocks

Structure of a DIF block

where

DIF sequence 1,0 o DIF sequence n-1,0 | DIF sequence 0,1 o DIF sequence n-1,

DIF sequence number DIF channel number

’ Header section I Subcode section | VAUX section | Audio & video section ‘

’ HO0,0 |SC0,0 I SC1,0 I VAQ,0 IVA‘I,O I VA2,0 I A0,0 | V0,0 ‘ e 1V132,01V133,0{V134,0

Byte position number DIF block number DIF channel number

n = 10 for 60 Hz system
n = 12 for 50 Hz system

Page 4 of 62 pages

Figure 2 — Data structure
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DIFblocks | Ho,i | sco,i| sc1,i| vao,i | vat,i] vazii|

[ Aoi | voi | vai | vai [ vai [ vai [ vsi [ vei | vai | vei | vei [ vaoi [ vati [ vazi [ vasi| vaai|

|A1,i |V15,i V16,i | VA7,i | V18,i | V19,i | V20,i | V21,i | V22,i | V23,i | V24,i | V25,i | V26,i | V27, | V28,i V29,i|

[ A2 | vaoi| vari] vazi| vasi| vaai| vas,i| vae,i | var,i| vas,i | vaeii | vao,i | var,i | vazi | vas,i | vas,i |

[ Asi | vas,i| vasi | vaz,i | vasi | vas,i | vso,i | vst1,i | vsai| vss,i | vsai | vss,i | vse,i | vs7.i| vss,i | vso,i|

Ad)i | VB0,i | V61,i | V62,i | V63,i | V64,i | V65, | V66,i | V67,i | V68, | V69,i | V70,i | V71,i | V72,i | V73,i | V74,

[ Asi | vzsi| vrei| vrzi | vrsi | vrei | veo,i | ver,i | veai| ves,i | veai | ves,i | vas,i | ve,i | ves,i | veo,i |

[ A6, | veo,i| ver,i| vez,i | vesi | vea,i | ves,i | ves,i | ver,i| ves,i | ves,i [vi00,i]vi01,i viozi| vios,i| viosi]

A7,i |V105,i|V106,i [ V107,i [ V108,i | V109,i | V110,i [ V111,i [ V112,i | V113,i | V114,i | V115,i | V116,i | V117,i | V118,i [ V119,i

[ A8 |vi20i|vi21,i|vi22,|v123i| vi2a,i| vizs,i| vize,i| viz7,i| vizs,i| vi2e | vi30,i | via1,i| viszi| viss,i| viaai]

DIF block number

where
i : DIF channel number
i=0,1,2,3

HO,i : DIF block in header section
SCO0,ito SC1,i : DIF blocks in subcode section
VAOQ,i to VA2,i : DIF blocks in VAUX section
AO,i to A8,i : DIF blocks in audio section
VO0,i toV134,i : DIF blocks in video section

Figure 3 — Data structure of a DIF sequence

3.3 Header section

3.3.1 ID

The ID part of each DIF block in the header section, shown in figure 2, consists of 3 bytes (IDO, ID1, 1D2).
Table 1 shows the ID content of a DIF block.

Page 5 of 62 pages
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The ID contains the followings :

SCT:
Dseq:
FSC, FSP:

DBN:

Arb:
Res:

Page 6 of 62 pages
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Table 1 — ID data of a DIF block

Byte position number
0 1 2

IDO D1 ID2
MSB SCT2 Dseq3 DBN7
SCT1 Dseq2 DBN6
SCTO Dseq1 DBN5
Res Dseq0 DBN4
Arb FSC DBN3
Arb FSP DBN2
Arb Res DBN1
LSB Arb Res DBNO

Section type (see table 2)
DIF sequence number (see tables 3 and 4)
Channel identification of a DIF block (see table 5)
NOTE - FSP bit is reserved in SMPTE 314M

DIF block number (see table 6)

Arbitrary bit

Reserved bit for future use
Default value shall be set to 1

Table 2 — Section type

Section type bit .
Section type
SCT2 SCT1 SCTO
0 0 0 Header
0 0 1 Subcode
0 1 0 VAUX
0 1 1 Audio
1 0 0 Video
1 0 1
1 1 0 Reserved
1 1 1
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Table 3 — DIF sequence number for the 60-Hz system

DIF sequence number bit
DIF sequence number
Dseq3 Dseq2 Dseq1 Dseq0
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 Not used
1 0 1 1 Not used
1 1 0 0 Not used
1 1 0 1 Not used
1 1 1 0 Not used
1 1 1 1 Not used

Table 4 — DIF sequence number for the 50 Hz system

DIF sequence number bit
DIF sequence number
Dseq3 Dseq2 Dseq1 Dseq0

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

1 0 0 1 9

1 0 1 0 10

1 0 1 1 11

1 1 0 0 Not used
1 1 0 1 Not used
1 1 1 0 Not used
1 1 1 1 Not used

Table 5 — DIF channel number

FSC FSP DIF channel number
0 1 0: first channel
1 1 1: second channel
0 0 2: third channel
1 0 3: fourth channel

SMPTE 370M-2002

Page 7 of 62 pages
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Table 6 — DIF block number

Rec. UIT-R BT.1620

DIF block number bit
DIF block number
DBN7 DBNG6 DBN5 DBN4 DBN3 DBN2 DBN1 DBNO

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 1

0 0 0 0 0 0 1 0 2

0 0 0 0 0 0 1 1 3

1 0 0 0 0 1 1 0 134

1 0 0 0 0 1 1 1 Not used
1 1 1 1 1 1 1 1 Not used

3.3.2 Data

The data part (payload) of each DIF block in the header section is shown in table 7. Bytes 3 to 7 are active
and bytes 8 to 79 are reserved.

MSB

LSB

DSF: DIF sequence flag

Table 7 - Data (payload) in the header section

Byte position number

3 4 5 6 7 8 | - 79
DSF Res TF1 TF2 TF3 Res | ------- Res

0 Res Res Res Res Res | ----—--- Res
Res Res Res Res Res Res | ------ Res
Res Res Res Res Res Res | ------- Res
Res Res Res Res Res Res | ------- Res
Res | APT2 | AP12 | AP22 | AP32 Res | ------- Res
Res | APT1 | AP11 | AP21 | AP31 Res [ ------- Res
Res | APTO | AP10 | AP20 | AP30 Res | -----—-- Res

0 = 10 DIF sequences included in a DIF channel (60-Hz system)
1 =12 DIF sequences included in a DIF channel (50-Hz system)

APTn, AP1n, AP2n, and AP3n data shall be identical to the track application IDs (APTn =
001, AP1n = 001, AP2n = 001, AP3n = 001 ), if the source signal comes from the DV based
digital VCR. If the signal source is unknown, all bits for this data shall be set to 1.

T F: Transmitting flag
TF1: Transmitting flag of audio DIF blocks
TF2: Transmitting flag of VAUX and Video DIF blocks
TF3: Transmitting flag of subcode DIF blocks

0 = Valid data
1 = Invalid data.

Res: Reserved bit for future use
Default value shall be set to 1.

Page 8 of 62 pages
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3.4 Subcode section

3.41 ID

11

SMPTE 370M-2002

The ID part of each DIF block in the subcode section is the same as described in 3.3.1. The section type shall

be 001.

3.4.2 Data

The data part (payload) of each DIF block in the subcode section is shown in figure 4. The subcode data
consists of 6 SSYBs, each 48 bytes long, and a reserved area of 29 bytes in each DIF block. SSYBs in a DIF
sequence are numbered 0 to 11. Each SSYB is composed of an SSYB ID equal to 2 bytes, an FF,, and an

SSYB data payload of 5 bytes.

Byte position number

L~

Reserved -

<
N

29 bytes

~
~

3---- 10 11----18 19----26 27----34 35----42 43----50

| SSYBO | SSYB1 | SSYB2 | SSYB3 | SSYB4 | SSYB5 |

Byte position number

01 2 3-- 50 51

- 79

L~

Reserved -

29 bytes

3---- 10 11----18 19----26 27----34 35----42 43--

--50

| SSYB6 | SSYB? | SSYB8 | SSYB9 |SSYB10 |SSYB11 |

FFh |

SSYB data
1 1

8 bytes

Figure 4 — Data in the subcode section

Page 9 of 62 pages
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3.4.2.1 SSYBID

Table 8 shows the parts of SSYB ID (IDO, ID1). It contains FR ID, application ID (AP3,, AP3,, AP3y), (APT,,
APT,, APTy), and SSYB number (Sybs, Syb,, Syb4, Syby).

Table 8 — SSYB ID

Bit SSYB number SSYB number SSYB number
ition 0 and 6 1to5and 7 to 1

posi IDO ID1 IDO ID1 IDO ID1
b7 FR Arb FR Arb FR Arb
b6 AP32 Arb Res Arb APT2 Arb
b5 AP31 Arb Res Arb APT1 Arb
b4 AP30 Arb Res Arb APTO Arb
b3 Arb Syb3 Arb Syb3 Arb Syb3
b2 Arb Syb2 Arb Syb2 Arb Syb2
b1 Arb Syb1 Arb Syb1 Arb Syb1
b0 Arb Syb0 Arb Syb0 Arb Syb0

NOTE — Arb = arbitrary bit

FR : The identification for the first half or second half of each DIF channel.
1 = the first half of each DIF channel
0 = the second half of each DIF channel

The first half of each DIF channel
DIF sequence number 0, 1, 2, 3, 4 for 60 Hz system
DIF sequence number 0, 1, 2, 3, 4, 5 for 50 Hz system

The second half of each DIF channel
DIF sequence number 5, 6, 7, 8, 9 for 60 Hz system
DIF sequence number 6, 7, 8, 9, 10, 11 for 50 Hz system
If information is not available, all bits shall be set to 1.

3.4.2.2 SSYB data

Each SSYB data payload consists of a pack of 5 bytes as shown in figure 5. Table 9 shows the pack header
table (PCO byte organization). Table 10 shows the pack arrangement in SSYB data for each DIF channel.

SSYB [ SSYB - -
| IDO | ID1 | FFh . SSYB data .

<————— bSbytes —mm——>

T T T T
| Pack
1 1 1 1

PCO PC1 PC2 PC3 PC4

Figure 5 — Pack in SSYB

Page 10 of 62 pages
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Table 9 — Pack header table
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%

0000 0001 0010 0011 0100 0101 0110 0111 — 1111
LOWER
AuUDIO VIDEO
0000 SOURCE | SOURCE
AuDIO VIDEO
0001 SOURCE SOURCE
CONTROL | CONTROL
0010
TIME
0011 CODE
BINARY
0100 GROUP
0101

1111

NO INFO

Table 10 — Mapping of packets in SSYB data

The first half of The second half of
SSYB number each DIF channel each DIF channel
0 Reserved Reserved
1 Reserved Reserved
2 Reserved Reserved
3 TC TC
4 BG Reserved
5 TC Reserved
6 Reserved Reserved
7 Reserved Reserved
8 Reserved Reserved
9 TC TC
10 BG Reserved
11 TC Reserved
NOTES
1 TC = Time code pack.
2 BG = Binary group pack.
3 Reserved = Default value of all bits shall be set to 1.
4 TC and BG data are the same within each frame.
The time code data are an LCT type

3.4.2.2.1 Time code pack (TC)

Table 11 shows a mapping of the time code pack. Time code data mapped to the time code packs are the
same within each frame.

Page 11 of 62 pages
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Table 11 — Mapping of time code pack
60 Hz system

MSB LsB
PCO 0 0 0 1 0 0 1 1
PC1 CF DF LShvos UNITS of FRAMES
PC2 PC LA UNITS of SECONDS
PC3 | BGFO s oL UNITS of MINUTES
PC4 | BGF2 | BGF1 T UNITS of HOURS
50 Hz system
MSB LSB
PCO 0 0 0 1 o [ o | 1 ] 1
PC1 CF Arb LS vl UNITS of FRAMES
PC2 | BGFO o UNITS of SECONDS
PC3 | BGF2 (NS of UNITS of MINUTES
pc4a | PC | BGF1 o UNITS of HOURS

NOTE — Detailed information is given in ANSI/SMPTE 12M.
CF: Color frame
0 = unsynchronized mode
1 = synchronized mode
DF: Drop frame flag
0 = Nondrop frame time code
1 = Drop frame time code
PC: Biphase mark polarity correction
0 =Even
1=0dd
BGF: Binary group flag
Arb: Arbitrary bit
3.4.2.2.2 Binary group pack (BG)

Table 12 shows the mapping of binary group pack. Binary group data mapped to the binary group packs are
the same within each frame.

Table 12 — Mapping of binary group pack

MSB LSB
PCO 0 [ 0 [ o [ 1 0 [ 1 [ o [ o
PC1 BINARY GROUP2 BINARY GROUP1
PC2 BINARY GROUP4 BINARY GROUP3
PC3 BINARY GROUP6 BINARY GROUP5
PC4 BINARY GROUP8 BINARY GROUP7

Page 12 of 62 pages
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3.5 VAUX section

3.51 ID

The ID part of each DIF block in the VAUX section is the same as described in 3.3.1. The section type shall
be 010.

3.5.2 Data

The data part (payload) of each DIF block in the VAUX section is shown in figure 6. This figure shows the
VAUX pack arrangement for each DIF sequence.

There are 15 packs, each 5 bytes long, and two reserved bytes in each VAUX DIF block payload. A default
value for the reserved byte is set to FF;.

Therefore, there are 45 packs in a DIF sequence. VAUX packs of the DIF blocks are sequentially numbered 0
to 44. This number is called a video pack number.

Table 13 shows the mapping of the VAUX packs of the VAUX DIF blocks. A VAUX source pack (VS) and a
VAUX source control pack (VSC) must exist in each frame. The remaining VAUX packs of the DIF blocks in a
DIF sequence are reserved and the value of all reserved words is set to FF,.

If VAUX data are not transmitted, a NO INFO pack, which is filled with FF,, shall be transmitted.

Byte position number

0123813182328 33384348 535863687378 79

VAOQ,i ID 0 1 2 3 4 5 6 7 8 9 [10]| 1111213 | 14
VA1, ID 15 (16 |17 [ 18|19 |20 |21 |1 22|23 |24 (25|26 |27 |28 |29
VA2, ID 30 |31(32|133(34|35(36|37 (3839|4041 |42 (43|44
T I T
Pack number Pack Pack
header data
| | |

PCO PC1 PC2 PC3 PC4

Figure 6 — Data in the VAUX section

Page 13 of 62 pages
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Table 13 — Mapping of VAUX pack in a DIF sequence

Pack number
Pack data
Even DIF sequence Odd DIF sequence
39 0 VS
40 1 VSC

Even DIF sequence:
DIF sequence number
DIF sequence number

Odd DIF sequence:
DIF sequence number
DIF sequence number

3.5.2.1 VAUX source pack (VS)

o oo

for 60-Hz system
, 10 for 50-Hz system

9 for 60-Hz system
9, 11 for 50-Hz system

Table 14 shows the mapping of a VAUX source pack.

Table 14 — Mapping of VAUX source pack

MSB LSB
PCO 0 1 1 0 0 0 0 0
PC1 Res Res Res Res Res Res Res Res
PC2 Res Res Res Res Res Res Res Res
PC3 Res Res 50/60 STYPE
PC4 0 Res Res Res Res Res Res Res

50/60:

0 =60 Hz system
1 =50 Hz system

STYPE: Video signal type

For 60 Hz system
10100b=1080/60i - 100 Mb/s compression (active line 1080)
10101b=1080/60i - 100 Mb/s compression (active line 1035)
11000b=720/60p - 100 Mb/s compression

Other = Reserved

For 50 Hz system
10100b=1080/50i - 100 Mb/s compression

Other = Reserved

Res: Reserved bit for future use
Default value shall be setto 1.

3.5.2.2 VAUX source control pack

Table 15 shows mapping of VAUX source control pack.
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Table 15 — Mapping of VAUX source control pack

MSB LSB
PCO K 1 0 0 0 0 1
PC1 CGMS Res Res Res Res Res Res
PC2 Res Res 0 0 Res DISP
PC3 FF FS FC Res Res Res 0 0
PC4 Res Res Res Res Res Res Res Res

CGMS: Copy generation management system
0 0 b = Copy free
Other = Reserved

DISP: Display select mode
010b=16:9
Other = Reserved

FF: Frame/field flag

For the 1080 line system ( See table 16 )
FF indicates whether two consecutive fields are delivered, or one field is repeated
twice during one video frame period ( See table 16 )
0 = Only one of the two fields is delivered twice
1 = Both fields are delivered in order.

For the 720 line system ( See table 17 )
FF indicates whether two consecutive video frames are delivered, or one video frame is
repeated twice during the two video frames period.
0 = Only one of the two video frames is delivered twice.
1 = Both video frames are delivered in order.

FS: First/second field flag

For the 1080 line system ( See table 16 )
FS indicates a field which is delivered during the field one period ( See table 16 )
0 = Field 2 is delivered
1 = Field 1 is delivered.

For the 720 line system ( See table 17 )
FS indicates a video frame which is delivered during the video frame one period.
0 = Video frame 2 is delivered.
1 = Video frame 1 is delivered.

Table 16 — FF/FS for the 1080-line system

FF FS Output field

1 1 Field 1 and field 2 are output in this order (1,2 sequence).
1 0 Field 2 and field 1 are output in this order (2,1 sequence).
0 1 Field 1 is output twice.

0 0 Field 2 is output twice.
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Table 17 — FF/FS for the 720 line system

FF FS Qutput video frame

1 1 Video frame 1 and video frame 2 are output in this order (1,2 sequence).
1 0 Video frame 2 and video frame 1 are output in this order (2,1 sequence).
0 1 Video frame 1 is output twice.

0 0 Video frame 2 is output twice.

FC : Frame change flag

For the 1080 line system
FC indicates whether the picture of the current video frame is repeated based on immediate
previous video frame.
0 = Same picture as the previous video frame
1 = Different picture than the previous video frame

For the 720 line system
FC indicates whether the picture of the current two video frames is repeated based on
immediate previous two video frames.
0 = Same picture as the previous two video frames
1 = Different picture than the previous two video frames

Res : Reserved bit for future use
Default value shall be set to 1.

3.6 Audio section
3.6.1 ID

The ID part of each DIF block in the audio section is the same as described in 3.3.1. The section type shall be
011.

3.6.2 Data
The data part (payload) of each DIF block in the audio section is shown in figure 7. The data of a DIF block in

the audio section are composed of 5 bytes of audio auxiliary data (AAUX) and 72 bytes of audio data which is
encoded and shuffled by the process as described in 3.6.2.1 and 3.6.2.2.

Byte position number
01 2 3 7 8 79

ID Audio auxiliary data Audio data

Figure 7 — Data in the audio section

3.6.2.1 Audio encoding
3.6.2.1.1 Source coding

Each audio input signal is sampled at 48kHz, with 16-bit quantization. The system provides eight audio
channels. Audio data for each audio channel are located in each respective audio block.
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3.6.2.1.2 Emphasis

The audio encoding is carried out with the first order pre-emphasis of 50/15pus. For the analog input recording,
emphasis shall be off in the default state.

3.6.2.1.3 Audio error code

In the encoded audio data, 8000, shall be assigned as an audio error code to indicate an invalid audio
sample. This code corresponds to negative full scale value in ordinary twos complement representation.
When the encoded data includes 8000;, it shall be converted to 8001h.

3.6.2.1.4 Relative audio-video timing

1080 line system —

An audio frame begins with an audio sample acquired within the duration of minus 50 samples relative to zero
samples from the start of line number 1.

720 line system —

An audio frame begins with an audio sample acquired within the duration of minus 50 samples relative to zero
samples from the start of line number 1 of video frame 1.

3.6.2.1.5 Audio frame processing

The audio data is processed in each audio frame. Each audio frame contains 1602 or 1600 audio samples for
the 60-Hz system or 1920 audio samples for the 50-Hz system for an audio channel with associated status,
user, and validity data. For the 60-Hz system, the number of audio samples per audio frame shall follow the
five-frame sequence as shown below:

1600, 1602, 1602, 1602, 1602 samples.

One audio frame shall be capable of 1620 samples for the 60-Hz system or 1944 samples for the 50-Hz
system. The unused space at the end of each audio frame is filled with arbitrary values.

3.6.2.2 Audio shuffling
The 16-bit audio data word is divided into two bytes. The upper byte contains MSB, and the lower byte
contains LSB, as shown in figure 8. Audio data shall be shuffled over DIF sequences and DIF blocks within an
audio frame. The data bytes are defined as D, (n =0, 1, 2, ..... ) which is sampled in the n-th order within an
audio frame and shuffled by each D, unit.
The data shall be shuffled through a process as expressed by the following equations:
60 Hz system —
DIF channel number: i=0: Audio CH1,CH2
i =1: Audio CH3,CH4
i = 2: Audio CH5,CH6
i = 3: Audio CH7,CH8

DIF Sequence number: (INT (n/3) + 2 x (n mod 3)) mod 5 for Audio CH1,CH3,CH5,CH7
(INT (n/3) + 2 x (n mod 3)) mod 5 + 5 for Audio CH2,CH4,CH6,CH8

Audio DIF block number: 3 x (n mod 3) + INT ((n mod 45) / 15)
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Byte position number: 8 + 2 x INT(n/45) for the most significant byte
9 + 2 x INT(n/45) for the least significant byte

where n=01to 1619

50 Hz system —

DIF channel number: i

: Audio CH1,CH2
: Audio CH3,CH4
: Audio CH5,CH6
: Audio CH7,CH8

I A |
WN -0

DIF Sequence number: (INT (n/3) + 2 x (n mod 3)) mod 6 for Audio CH1,CH3,CH5,CH7

(INT (n/3) + 2 x (n mod 3)) mod 6 + 6 for Audio CH2,CH4,CH6,CH8
Audio DIF block number: 3 x (n mod 3) + INT ((n mod 54) / 18)

Byte position number: 8 + 2 x INT(n/54) for the most significant byte
9 + 2 x INT(n/54) for the least significant byte

where n=0to 1943

MSB 16 bits LSB
151413121110 9 8|7 6 5 4 3 2 1 0

H Upper ; \ Lower \
151413121110 98| (7 6 5 4 3 3 1 0|
8 bits 8 bits

Figure 8 — Conversion of audio sample to audio data bytes

3.6.2.3 Audio auxiliary data (AAUX)

AAUX shall be added to the shuffled audio data as shown in figures 7 and 9. The AAUX pack shall include an
AAUX pack header and data (AAUX payload). The length of the AAUX pack shall be 5 bytes as shown in

figure 9, which depicts the AAUX pack arrangement. Packs are numbered 0 to 8 as shown in figure 9. This
number is called an audio pack number.

Table 18 shows the mapping of an AAUX pack. An AAUX source pack (AS) and an AAUX source control
pack (ASC) must be included in the compressed stream.
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Byte position number
0 1 2 3 7 8 -- 79

ID Audio auxiliary data Audio data
T

T
| |
IS Sbytes ——— >
I
|

AOQ,i Audio pack number 0
Al Audio pack number 1
A2;i Audio pack number 2
A3,i Audio pack number 3
A4 Audio pack number 4
A5, Audio pack number 5
AB,i Audio pack number 6
A7, Audio pack number 7
A8,i Audio pack number 8
/ \
/ \
/ \
/ \
/ \
/ \
/ \
T T T
Pack Pack
header data
1 1 1

PCO PC1 PC2 PC3 PC4

Figure 9 — Arrangement of AAUX packs in audio auxiliary data

Table 18 — Mapping of AAUX pack in a DIF sequence

Audio pack number
Even DIF sequence Odd DIF sequence Pack data
3 0 AS
4 1 ASC

Even DIF sequence :
DIF sequence number 0, 2,
0,2

4, 6, 8 for 60-Hz system
DIF sequence number 0, 2,4, 6

8
, 8, 10 for 50-Hz system

Odd DIF sequence :
DIF sequence number 1, 3, 5, 7, 9 for 60-Hz system
DIF sequence number 1, 3,5, 7, 9, 11 for 50-Hz system

3.6.2.3.1 AAUX source pack (AS)

The AAUX Source pack is configured as shown in Table 19.
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Table 19 — Mapping of AAUX source pack

MSB LSB
PCO 0 1 o | 1+ ] o] o | o | o
PC1 LF | Res AF SIZE

PC2 0 CHN Res | AUDIO MODE

PC3 | Res | Res [ 50/60 STYPE

PC4 | Res | Res SMP | Qu

LF: Locked mode flag
Locking condition of audio sampling frequency with video signal.
0 = Locked mode
1 = Reserved

AF SIZE: The number of audio samples per frame
010100b=1600 samples / frame (60-Hz system)
010110b=1602 samples / frame (60-Hz system)
011000b=1920 samples / frame (50-Hz system)
Other = Reserved

CHN: The number of audio channels within an audio block
0 0 b = One audio channel per an audio block
Other = Reserved
An audio block consists of 45 DIF blocks (9 DIF blocks x 5 DIF sequences) for the 60-Hz
system and 54 DIF blocks ( 9 DIF blocks x 6 DIF sequences ) for the 50-Hz system.

AUDIO MODE: The contents of the audio signal on each audio channel
0000 b = Audio CH1,CH3,CH5,CH7
0001 b = Audio CH2,CH4,CH6,CH8
1111 b =Invalid audio data
Other = Reserved

50/60:
0-Hz system
0-Hz system

STYPE: Audio blocks for each frame

00011b =8 audio blocks
Other = Reserved

SMP: Sampling frequency
000b =48kHz
Other = Reserved

QU: Quantization
000b =16 bits linear
Other = Reserved

Res: Reserved bit for future use
Default value shall be set to 1.

3.6.2.3.2 AAUX source control pack (ASC)

The AAUX source control pack is configured as shown in Table 20.
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Table 20 — Mapping of AAUX source control pack

MSB LSB
PCO 0 1 0 1 0 0 0 1
PC1 CGMS Res Res Res Res EFC

FAD FAD Res Res Res Res

PC2 REC | REC E E

ST END ST END
PC3 DRF SPEED
PC4 Res Res | Res ‘ Res | Res | Res | Res | Res

CGMS: Copy generation management system
0 0 b = Copy free
Other = Reserved

EFC: Emphasis audio channel flag
0 0 b = Emphasis off
0 1 b = Emphasis on
Other = Reserved
EFC shall be set for each audio block.

REC ST: Recording start point
0 = Recording start point
1 = Not recording start point
At a recording start frame, REC ST 0 lasts for a duration of one audio block which is equal to
5 or 6 DIF sequences for each audio channel.

REC END: Recording end point
0 = Recording end point
1 = Not recording end point
At a recording end frame, REC END O is lasting for a duration of one audio block which is
equal to 5 or 6 DIF sequences for each audio channel.

FADE ST: Fading of recording start point
0 = Fading off
1 = Fading on
The FADE ST information is only effective at the recording start frame ( REC ST = 0 ).If
FADE ST is 1 at the recording start frame, the output audio signal should be faded in from the
first sampling signal of the frame. If FADE ST is O at the recording start frame, the output
audio signal should not be faded.

FADE END: Fading of recording end point
0 = Fading off
1 = Fading on
The FADE END information is only effective at the recording end frame ( REC END = 0 ). If
FADE END is 1 at the recording end frame, the output audio signal should be faded out to the
last sampling signal of the frame. If FADE END is O at the recording end frame, the output
audio signal should not be faded.

DRF: Direction flag
0 = Reverse direction
1 = Forward direction

SPEED: Shuttle speed of VTR (see table 21)
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Table 21 — SPEED code definition

Codeword Shuttle speed of VTR
MSB LSB 60-Hz system 50-Hz system
0000000 0/120 (=0) 0/100 (=0)
0000001 1/120 1/100
1100100 100/120 100/100 (=1)
: : Reserved
1111000 120/120 (=1) Reserved
: Reserved Reserved
1111110 Reserved Reserved
1111111 Data invalid Data invalid

Res: Reserved bit for future use
Default value shall be set to 1.

3.7 Video section

3.71 ID

The ID part of each DIF block in the video section is the same as described in 3.3.1. The section type shall be

100.

3.7.2 Data

Data part (payload) of each DIF block in Video section consists of 77 bytes of video data which shall be
sampled, shuffled and encoded. Video data of every frame is processed as described in clause 4. This 77

byte data are called a compressed macro block.

3.7.2.1 DIF block and compressed macro block

Correspondence between Video DIF blocks and video compressed macro blocks CM h;i,j,k is shown in table

22 for the 60-Hz system and table 23 for the 50-Hz system.

The rule defining the correspondence between video DIF blocks and compressed macro blocks is shown

below:
60 Hz system —

for(h=0; h<4; h++){
for(s=0; s<2; s++){
for(k=0; k<27; k++){
for(t=0; t<5; t++){
a=(4h +s+ 2t +2) mod 10;
b = (4h +s + 2t + 6) mod 10;
c=(4h +s + 2t +8) mod 10;
d = (4h +s + 2t + 0) mod 10;
e =(4h +s + 2t + 4) mod 10;
DBNq = (5t + 25k) mod 135;
DSNp = INT((5t + 25k + 675s) / 135);

V DBNg, h of DSNp = CM h,a,2,k
V (DBNgq + 1), h of DSNp = CM h,b, 1,k
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V (DBNg + 2), h of DSNp = CM h,c,3,k
V (DBNg + 3), h of DSNp = CM h,d,0,k
V (DBNg + 4), h of DSNp = CM h,e,4 k

DBNgq: DIF block number

DSNp: DIF sequence number

h: Divided block

s, t: Vertical order of super block

k: Macro block order in super block

50 Hz system —

for(h=0; h<4; h++){
for(k=0; k<27; k++){
for(i=0; i<11; i++){

a=(4h+i+2)mod 11;
b =(4h +i+ 6)mod 11;
c=(4h+i+8)mod 11;
d=(4h +i+0)mod 11;
e=(4h+i+4)mod 11;
DBNq = (5i + 55k) mod 135;
DSNp = INT((5i + 55k) / 135);

V DBNg, h of DSNp = CM h,a,2,k
V (DBNq + 1), h of DSNp = CM h,b, 1,k
V (DBNq + 2), h of DSNp = CM h,c,3,k
V (DBNgq + 3), h of DSNp = CM h,d,0,k
V (DBNq + 4), h of DSNp = CM h,e, 4,k
}
}

}

for(k=0; k<27; k++){
DBNq = 5k;
DSNp = 11;

V DBNg, 0 of DSNp = CM 0,11,0,k

V (DBNg + 1), 0 of DSNp = CM 0,11,1 .k
V (DBNg + 2), 0 of DSNp = CM 0,11,2,k
V (DBNg + 3), 0 of DSNp = CM 0,11,3,k
V (DBNq + 4), 0 of DSNp = CM 0,11,4 k

}

where
DBNq: DIF block number
DSNp: DIF sequence number
h: Divided block
i: Vertical order of super block
k: Macro block order in super block

25
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Table 22 — Video DIF blocks and compressed macro blocks for the 60-Hz system

OIF camne | DI seawenee | or ok Compren
V0,0 CM0,2,2,0

V1,0 CM0,6,1,0

0 V2,0 CM0,8,3,0

V 3,0 CM0,0,0,0

0 V4,0 CM0,4,4,0
V 134,0 CM0,3,4,26

V0,1 CM1,6,2,0

V1.1 CM1,0,1,0

0 V21 CM1,2,3,0

V 3,1 CM1,4,0,0

1 V41 CM1,8,4,0
V 1341 CM1,7,4,26

V0,3 CM34,2,0

V1,3 CM3,8,1,0

0 V23 CM 3,0,3,0

V 3,3 CM 3,2,0,0

3 V4,3 CM3,6,4,0
V 134,3 CM 3,5,4,26
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Table 23 - Video DIF blocks and compressed macro blocks for the 50-Hz system

V0,0 CM0,2,2,0
V1,0 CM0,6,1,0
0 V2,0 CM0,8,3,0
V 3,0 CM 0,0,0,0
V4,0 CM0,4,4,0
0
10 - -
V 134,0 CM0,3,4,26
V0,0 CM0,11,0,0
11 V1,0 CM0,11,1,0
V 134,0 CM0,11,4,26
V0,1 CM1,6,2,0
V11 CM1,10,1,0
0 V21 CM1,1,3,0
V3,1 CM 1,4,0,0
V4.1 CM1,8,4,0
1 :
10 V 1341 CM1,7,4,26
V0,1 —
11 :
V 1341 —
V0,3 CM 3,3,2,0
V1,3 CM3,7,1,0
0 V23 CM 3,9,3,0
V3,3 CM 3,1,0,0
V43 CM3,54,0
3 :
10 - :
V 134,3 CM 3,4,4,26
V0,3 —
11 :
V 134,3 —
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4 Video compression

This clause includes video compression processing for the 1080/60i system, the 1080/50i system, and the
720/60p system.

4.1 Video structure
4.1.1 Video sampling structure
The video sampling structure is defined by SMPTE 274M for the 1080-line system, and SMPTE 296M for the
720-line system. The construction of luminance (Y) and two color-difference signals (CR, Cg) is described in
table 24. A sample conversion from 10-bit input video to 8 bits or more is provided by the resampling process
(the first processing block of figure 1).
4.1.1.1 Video frame pixel structure
1080/60i system —
The sampling starting point of Y signal shall be 192T from the horizontal sync timing reference;

where T =1.001/(74.25 x 106) sec
1920 pixels of luminance and 960 pixels of each color-difference signal per line shall be transmitted as shown
in figure 10. The sampling starting point in the active period of Cr and Cg signals shall be the same as the
sampling starting point in the active period of the Y signal. Each pixel shall be converted to the code of twos
complement (-508 to 507) by inverting the MSB of the input video signal.
1080/50i system —
The sampling starting point of Y signal shall be 192T from the horizontal sync timing reference;

where T=1/(74.25x 10° sec
1920 pixels of luminance and 960 pixels of each color-difference signal per line shall be transmitted as shown
in figure 11. The sampling starting point in the active period of Cr and Cg signals shall be the same as the
sampling starting point in the active period of the Y signal. Each pixel shall be converted to the code of twos
complement (-508 to 507) by inverting the MSB of the input video signal.
720/60p system —
The sampling starting point of Y signal shall be 260T from the horizontal sync timing reference;

where T =1.001/(74.25 x 106) sec
1280 pixels of luminance and 640 pixels of each color-difference signal per line shall be transmitted as shown
in figure 12. The sampling starting point in the active period of Cgr and Cg signals shall be the same as the
sampling starting point in the active period of the Y signal. Each pixel shall be converted to the code of twos
complement (-508 to 507) by inverting the MSB of the input video signal.
4.1.1.2 Video frame line structure

1080 line system —

540 lines for Y, Cgr, and Cg signals from each field shall be transmitted. The transmitted lines in each two
fields are described in table 24.
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720 line system —

720 lines for Y, Cr and Cg signals from each video frame shall be transmitted. The transmitted lines in each
video frame are described in table 24.

4.1.1.3 Horizontal resampling

1080/60i system —

1920 horizontally sampled Y signals shall be resampled to 1280 pixels. The 960 horizontally sampled Cr and
Cg signals shall be resampled to 640 pixels. The output signal of the resampler shall have a sample resolution
equal to 8 bits or more. (See annex B.)

1080/50i system —

1920 horizontally sampled Y signals shall be resampled to 1440 pixels. The 960 horizontally sampled Cr and
Cg signals shall be resampled to 720 pixels. The output signal of the resampler shall have a sample resolution
equal to 8 bits or more. (See annex B.)

720/60p system —

The 1280 horizontally sampled Y signals shall be resampled to 960 pixels. The 640 horizontally sampled Cgr

and Cg signals shall be resampled to 480 pixels. The output signal of the resampler shall have a sample
resolution equal to 8 bits or more. (See annex B.)

Table 24 — Construction of input video

1080/60i system 1080/50i system 720/60p system
Samplina frequenc Y 74.25/1.001 MHz 74.25 MHz 74.25/1.001 MHz
piing frequency CR, CB | 37.125/1.001 MHz 37.125 MHz 37.125/1.001 MHz
Y 2200 1650
Total ber of pixel li
otal number of pixels per line CR.CB 1100 825
The number of active pixels per Y 1920 1280
line CR, CB 960 640
Total number of lines per video frame 1125 750
The number of active lines per video frame 1080 720
- Field 1 21 to 560
The active line numbers Field 2 584 10 1123 26 to 745
Quantization Each sample is linearly quantized to 10 bits for Y, CR and CB.
Scale 410 1019
The relation between video signal Video signal level of white: 940 .
level and quantized level Y Video signal level of black: 64 Quantized level 877
CR, CB Video signal level of gray: 512 Quantized level 897
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Input
Luminance (Y) . T
i s
First active line — = C : : :
in a field %OOOOOOOOO‘O

—O—0—0—0O—0—0—0—0—0—0—
Output OOOOOOOOOO

Luminance (Y) g T

s Q A AN
First active line H Y

in a field — O ....... O< ..... O

O—O
...... Q ...... O! ..... O
O—CO

Input :
Color difference (CR, CB) PooT

First active line > O
in a field N .Q ..........

Output O
Color difference (CR, CB) 3T

First active line > O:
in a field —> Qe

line 21
line 584
line 22

line 585

line 21
line 584
line 22

line 585

line 21
line 584
line 22

line 585

line 21
line 584
line 22

line 585

l T =1.001/74.25ps
First pixel in active period

Figure 10 — Sampling structure for the 1080/60i system
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Input
Luminance (Y) T

First active line — > _Q_Q_O_O_O_Q_O_O_Q_ line 21

ina field SN OOOOOOOOO line 584

O O O_O_O_( : )—()—()—()— line 22

output r Qe Orrn Qo yon o Gy ine 85
Luminance (Y) %T' : : i : i :

Q O_ line 21

Oerevens Q line 584
¢ O— line 22
@)

o Y O line 585

First active line - N

—O

in a field G y— OO ......
—0
Q

Input
Color difference (CR, CB) P27

First active line - _O O C C O_
in a field —> Do O ........ Q ........ 3 Q ............ Q
S—i O C Q— line 22
O O Q

line 585

line 21

line 584

Output -...Q ............ Q...i ........ :
Color difference (CR, CB) %T :

line 21

First active line > Q

in a field —> O line 584

Q_
................................. O
(f)— line 22
O

line 585
[ T =1/74.25us
First pixel in active period

Figure 11 — Sampling structure for the 1080/50i system
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Input
Luminance (Y) T, . . . . .
First active line —> —O—Q—Q—Q—Q—O—O—Q—Q— line 26
in a frame : H : : : : : : :
—O—O0—O0—O0—0—0O0—0O0—0O—0—  liner
—O—O—O—O—O—O—O—O—O—  line2s
Output —(:)—(.)—(.)—(.)—(.)—(:>—(:>—(.>—(.>— line 29
Luminance (Y) P AT : - :
First active line —> —Q C C C O O O— line 26
in a frame H oL H : H :
—O C : C O O ('_) O— line 27
2®, O—F—O0—O0—O0—+—0—0— line 28
—Q_ O Q Q Q O (:)— line 29
Input
Color difference (CR, CB) P2t :
Firstactive line —> —() O— O O O— line 26
in a frame H P :
—O Q : O O Q— line 27
—O Q O O Q— line 28
= H A\ ~ .
Output —O QO Q - d O line 29
Color difference (CR, CB) I
First active line —> —C O O O— line 26
in a frame : :
e, 'Q; O O— line 27
—O O O O— line 28
—O O O O—  line29

l T =1.001/74.25ps
First pixel in active period

Figure 12 — Sampling structure for the 720/60p system

4.1.2 DCT block

The Y, Cg, and C; pixels in each video frame shall be divided into DCT blocks as shown in figure 13 for the
1080 line system, and figure 14 for the 720-line system. DCT blocks are structured with a rectangular area of
eight vertical pixels and eight horizontal pixels in a video frame. The value of x shows the horizontal
coordinate from the left and the value of y shows the vertical coordinate from the top. For the 1080-line
system, even lines of y = 0, 2, 4, 6 are the horizontal lines of field one, and odd lines of y = 1, 3, 5, 7 are those
of field two.

DCT block arrangement in each video frame
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1080/60i system —
The arrangement of horizontal DCT blocks in each video frame is shown in figure 15. The same horizontal
arrangement is repeated to 135 DCT blocks in the vertical direction. Pixels in one video frame are divided into
43200 DCT blocks.

Y: 135 Vertical DCT blocks x 160 horizontal DCT blocks = 21600 DCT blocks

Cr: 135 vertical DCT blocks x 80 horizontal DCT blocks = 10800 DCT blocks

Cr: 135 vertical DCT blocks x 80 horizontal DCT blocks = 10800 DCT blocks
1080/50i system —
The arrangement of horizontal DCT blocks in each video frame is shown in figure 16. The same horizontal
arrangement is repeated to 135 DCT blocks in the vertical direction. Pixels in one video frame are divided into
48600 DCT blocks.

Y: 135 Vertical DCT blocks x 180 horizontal DCT blocks = 24300 DCT blocks

Cr: 135 vertical DCT blocks x 90 horizontal DCT blocks = 12150 DCT blocks

Cr: 135 vertical DCT blocks x 90 horizontal DCT blocks = 12150 DCT blocks
720/60p system —
The arrangement of horizontal DCT blocks in each video frame is shown in figure 17. The same horizontal
arrangement is repeated to 90 DCT blocks in the vertical direction. Pixels in one video frame are divided into
21600 DCT blocks.

Y: 90 vertical DCT blocks x 120 horizontal DCT blocks = 10800 DCT blocks

Cr: 90 vertical DCT blocks x 60 horizontal DCT blocks = 5400 DCT blocks

Cr: 90 vertical DCT blocks x 60 horizontal DCT blocks = 5400 DCT blocks
4.1.3 Macro block

Each macro block consists of eight DCT blocks. Figure 18 for the 1080-line system and figure 19 for the 720-
line system show the relationship between macro block and DCT blocks.

4.1.3.1 Arrangement of macro block

1080/60i system —

Macro block arrangement in each video frame has two steps.

Step1: Arranging macro blocks

Pixels in each video frame are divided into 5400 macro blocks as shown in figure 20.

Each macro block except the bottom macro blocks consists of four DCT blocks of Y which are horizontally
and vertically adjacent, two vertically adjacent DCT blocks of CR and two vertically adjacent DCT blocks of Cg
on a TV screen;

where, 67 vertical macro blocks x 80 horizontal macro blocks = 5360 macro blocks.

Each bottom macro block consists of four horizontally adjacent DCT blocks of Y, two horizontally adjacent
DCT blocks of CR and two horizontally adjacent DCT blocks of Cg on a TV screen;

where, 1 vertical macro blocks x 40 horizontal macro blocks = 40 macro blocks.
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Step 2: Rearranging macro blocks

Sets consisting of 40 macro blocks which are named A0 to A7 and sets consisting of 30 macro blocks which
are named A8 to A15 are arranged as shown in figure 20.

40 macro blocks in A16 are arranged into 4 vertical macro blocks x 10 horizontal macro blocks in B16
respectively as shown in figure 20;

where, 60 vertical macro blocks x 90 horizontal macro blocks = 5400 macro blocks
1080/50i system —
Macro block arrangement in each video frame has two steps.
Step1 : Arranging macro blocks
Pixels in each video frame are divided into 6075 macro blocks as shown in figure 21.
Each macro block except the bottom macro blocks consists of four DCT blocks of Y which are horizontally
and vertically adjacent, two vertically adjacent DCT blocks of Cr and two vertically adjacent DCT blocks of Cg
ona TV screen;

where, 67 vertical macro blocks x 90 horizontal macro blocks = 6030 macro blocks.

Each bottom macro block consists of four horizontally adjacent DCT blocks of Y, two horizontally adjacent
DCT blocks of Cg and two horizontally adjacent DCT blocks of Cg on a TV screen;

where, 1 vertical macro blocks x 45 horizontal macro blocks = 45 macro blocks.
Step 2 : Rearranging macro blocks

Macro blocks are divided into a main unit and an edge unit. The edge unit contains top macro blocks in A0
and bottom macro blocks in A1 as shown in figure 21. The main unit contains the remaining blocks;

where,
main unit: 66 vertical macro blocks x 90 horizontal macro blocks = 5940 macro blocks
edge unit: 1 vertical macro blocks x 135 horizontal macro blocks = 135 macro blocks
720/60p system —

Pixels in each video frame are divided into 2700 macro blocks as shown in figure 22;
where, 45 vertical macro blocks x 60 horizontal macro blocks = 2700 macro blocks

4.1.3.2 Divided blocks

1080/60i system —

Macro blocks in each video frame are divided into halfway blocks as shown in figure 23. Each halfway block H
consists of nine macro blocks horizontally and one macro block vertically.

Halfway blocks H are distributed into divided blocks as follows:

Divided blocks: h=0:H 2m,2n
h=1:H 2m,2n+1
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h=2:H 2m+1,2n

h=3:H 2m+1,2n+1

where, m=0,1,2,...,29
n=0,1,2,3,4

As a result, one video frame is divided into four divided blocks. Each divided block consists of 30 vertical
macro blocks x 45 horizontal macro blocks.

1080/50i system —

Macro blocks in the main unit are divided into halfway blocks as shown in figure 24. Each halfway block H
consists of nine horizontally adjacent macro blocks.

Halfway blocks H are distributed into divided blocks as follows:

Divided blocks: h=0:H 2m,2n
h=1:H 2m,2n+1
h=2:H2m+1,2n
h=3:H 2m+1,2n+1
where, m=0,1,2,...,32

n=0,1,2,3,4

As a result, the main unit is divided into four divided blocks. Each divided block is consists of 33 vertical
macro blocks x 45 horizontal macro blocks.

720/60p system —

Macro blocks in each video frame are divided into halfway blocks as shown in Figure 25. Each halfway block
H consists of six macro blocks horizontally and one macro block vertically.

Halfway blocks H are distributed into divided blocks as follows bellow:

Divided blocks: h=0:H m, 2n
h=1:Hm, 2n+1
h=2 : H m+45, 2n
h=3 : H m+45, 2n+1
where, m=0,1,2,...,44
n=0,1,2,3,4

As a result, each two video frames are divided into four divided blocks. Each divided block is consists of 45
vertical macro blocks x 30 horizontal macro blocks.
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Left X Right
Top |0,0{1,0(2,0(3,0[4,0[5,0(6,0[7,0|<— Field 1

01)1,1|2,1(3,1(41|51|6,1]|7,1|<— Field2

0,211,2]2,2(3,2(4,2|5,2]|6,2|7,2|<—Field1

y 0,311,3]2,3(3,3(4,3]|5,3]6,3]|7,3|<— Field2

04)11,412,4(3,4(4,4]|54|6,4|7,4|<—Field1

05|15|25(35(45(|55|6,5]|7,5|<— Field 2

06(1,6]26|36(46]|56|6,6|7,6|<— Field1

Bottom( g 7(17(27(37|47]|57]|6,7|7,7|<— Field 2

Pixel x =6
y=7

Figure 13 — DCT block and the pixel coordinates for the 1080-line system

Left X Right
Top (0,0{1,0/2,0(3,0|4,0|5,0(6,0(7,0

0,111,112,13,1]41|51|6,1|7,1

0,2(1,2]12,2|3,2|4,2|52(6,2|7,2

y 0,3(1,3]2,3|3,3|4,3|53(6,3|7,3

04|1,4(24|34|44|54(64]7.4

05(15]25(3,5|45(|55(6,5]|7,5

06(16]26(3,6|4,6(|56(6,6]|7,6

Bottom (g 7(1,7|2,7(3,7|4,7|5,7|6,7| 7,7

Pixel x =6
y=7

Figure 14 — DCT block and the pixel coordinates for the 720-line system
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Luminance DCT block

Left 160 DCT blocks Right
Topl | | | | | | | | | | | |\ | |
Color difference DCT block 8x8 y}ixels
Left 80 DCT blocks Right
L I I I I s [T T ]

Figure 15 — DCT block arrangement for the 1080/60i system

Luminance DCT block

Left 180 DCT blocks Right
Topl | | | | | | | | S | | | |\ | |
Color difference DCT block 8x8 bixels
Left 90 DCT blocks Right
Top| | | | | | | | |

Figure 16 — DCT block arrangement for the 1080/50i system

Luminance DCT block

Left 120 DCT blocks Right

ol | [ [ [ [T [T]]
Color difference DCT block 8x8 >ixels

Left 60 DCT blocks Right

Top| | | | | | | | |

Figure 17 — DCT block arrangement for the 720/60p system
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Top DCTO|DCT1

Left Right

DCT2|DCT3 DCT7

DCT4 DCT5 DCT6 DCT7
CB
CR| | , I
Y
DCTO(|DCT1 [DCT2|DCT3
Left Right

Bottom macro block

Figure 18 — Macro block and DCT blocks for the 1080-line system

DCT1

DCT3

Right

Figure 19 — Macro block and DCT blocks for the 720-line system
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Stepl: Arranging macro blocks

10 10 10 10 10 10 10 10 macro blocks

Ao | AL | A2 | A3 | A4l as | ne | ar 4 macro blocks

60 macro blocks

A8 | A9 |A10|A11|A12]|A13]AL4 | ALS 3 macro blocks
- Al6 ~%.. 1 macro block

1

| 90 macro blocks |

Bottom macro blocks

Step2: Rearranging macro blocks

AQ 4 macro blocks

Al 4 macro blocks

A2 4 macro blocks

A3 4 macro blocks

A4 4 macro blocks

Ab 4 macro blocks

A6 4 macro blocks

A7 4 macro blocks

A8 3 macro blocks

A 3 macro blocks

60 Al10 3 macro blocks
macro All 3 macro B:OCIIZS
Al12 3 macro blocks

blocks Al3 3 macro blocks
Al4 3 macro blocks

Al15 3 macro blocks

v B16 4 macro blocks

<1

10 macro blocks

Rearranging A16 to B16

Al6 B16
| of 1] 2] 3] ~[38]39] > (ol 1] 2| a1 o
10|11 |12 |[18] 19

20 [ 21 [ 22 |- [ 28 | 29

30 [ 3132 || 3839

Figure 20 — Arrangement of macro blocks for the 1080/60i system
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Stepl: Arranging macro blocks

90 macro blocks

-
A0
—*
4=
7 Al
Bottom macro block( """"""
45 macro blocks
Step2: Rearranging macro blocks
main unit | 90 macro blocks |
I I
N
edge unit

90 macro blocks

45 macro blocks

1 macro block

66 macro blocks

1 macro block

66 macro blocks

A0

Al

1 macro block

Figure 21 — Arrangement of macro blocks for the 1080/50i system
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60 macro blocks |

Y .

45
macro
blocks

Figure 22 — Arrangement of macro blocks for the 720/60p system
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30
macro
blocks
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macro
blocks
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| 90 macro blocks

HO0,0 | HO,1 | HO,2

H1,0 [ H1,1 | H1,2

H2,0 | H2,1 [ H2,2

60
macro
blocks

H59,0 |H59,1|H59,2

9 9 9
L 45 macro blocks |
| |
HO0,0 | HO,2 HO,8
H2,0 | H2,2 H2,8
H58,0|H58,2| - H58,8
divided block h=0
L 45 macro blocks |
[
H1,0 | H1,2 H1,8
H3,0 | H3,2 H3,8
H59,0|H59,2| H59,8

divided block h=2

[~

9 macro blocks

I 45 macro blocks

HO,9 1 macro block
}}}}}}}}}}}}}} H1,9 1 macro block

H2,9 1 macro block

............ H59,9 $1 macro block

™~
HO,1 | HO,3 H0,9
H2,1 | H2,3 H2,9
30
macro
blocks
H58,1|H58,3| - |H58,9
divided block h=1
L 45 macro blocks |
[
~
H1,1 | H1,3 H1,9
H3,1 | H3,3 H3,9
30
macro
blocks

divided block h=3

Figure 23 — Divided blocks for the 1080/60i system
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main unit | 90 macro blocks |
[ |
HO0,0 | HO,1 | HO,2 HO,9 1 macro block
H1,0 | H1,1 | H1,2 [ o H1,9 1 macro block
H2,0 [ H2,1 | H2,2 H2,9 1 macro block
66
macro
blocks
H65,0|H65,1 [HB5,2| s H65,9 11 macro block
I I N l—>
9 9 9 9 macro blocks
L 45 macro blocks | L 45 macro blocks |
[ [
w w~
HO0,0 | HO,2 HO0,8 HO,1 | HO,3 HO0,9
H2,0 | H2,2 H2,8 H2,1 | H2,3 H2,9
33 - 33
macro macro
blocks blocks
H64,0|H64,2( -~ |H64,8 H64,1|H64,3| -~ H64,9
divided block h=0 divided block h=1
| 45 macro blocks | | 45 macro blocks |
w w~
H1,0 | H1,2 H1,8 H1,1 | H1,3 H1,9
H3,0 | H3,2 H3,8 H3,1 | H3,3 H3,9
33 4 33
macro macro
blocks blocks
H65,0|H65,2 -~ H65,8 H65,1|H65,3| -~ H65,9
divided block h=2 divided block h=3

Figure 24 — Divided blocks for the 1080/50i system
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60 macro blocks | 60 macro blocks |

)
HO,0 | HO,1 | HO,2 | - HO,9 | |1 macro | [H45,0|H45,1|H45,2]| -moome H45,9| | 1 macro
block block
H1,0 [ H1,1 [ H1,2 H1,9 1 H46,0 H46,1|H46,2 H46,9( |1
45 45 ' '
macro macro
blocks blocks : :
H44,0[H44,1]Ha4.2] - [Haa 9] T H89,0] 89, 1]Hgg.2] - [HB9.9] T
I I I I k— I I I I e—
6 6 6 6 6 6 6 6
blocks blocks
Video frame 1 Video frame 2
| 30 macro blocks | | 30 macro blocks |
) 1 f 1
HO0,0 | HO,2 HO0,8 HO,1 | HO,3 HO0,9
H1,0 [ H1,2 H1,8 H1,1 | H1,3 H1,9
45 - 45
macro macro ‘
blocks blocks
H44,0|H44,2| |H44,8 H44,1 |H44,3| |H44,9
divided block h=0 divided block h=1
| 30 macro blocks I | 30 macro blocks I
) f
H45,0(H45,2 H45,8 H45,1|H45,3 H45,9
H46,0|H46,2 H46,8 H46,1|H46,3 H46,9
45 - 45 -
macro macro :
blocks i blocks
Hg9,0|Hgo,2| - |HBo.8 H89,1|Hg9,3| - |HB9,9
divided block h=2 divided block h=3

Figure 25 — Divided blocks for the 720/60p system
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4.1.4 Super block
Each super block consists of 27 macro blocks.
1080/60i system —

The arrangement of super blocks in a divided block is shown in figure 26. The pixels in a divided block are
divided into 50 super blocks.

10 vertical super blocks x 5 horizontal super blocks = 50 super blocks.
1080/50i system —

The arrangement of super blocks in a divided block is shown in figure 28. The pixels in a divided block are
divided into 55 super blocks.

11 vertical super blocks x 5 horizontal super blocks = 55 super blocks.
The pixels in the edge unit are divided into 5 super blocks.

1 vertical super blocks x 5 horizontal super blocks = 5 super blocks.
720/60p system —

The arrangement of super blocks in a divided block is shown in figure 30. The pixels in a divided block are
divided into 50 super blocks.

10 vertical super blocks x 5 horizontal super blocks = 50 super blocks.
4.1.5 Definition of super block number, macro block number and value of the pixel
Super block number — The super block number is expressed as S h,i,j shown in figures 26, 28, and 30.

S h,i,j where h: the divided block
i: the vertical order of the super block

e 3
.., 9 for 60-Hz system
..., 11 for 50-Hz system
4

i

cooo

j: the horizontal order of the super block j
Macro block number — The macro block number is expressed as M h,i,j,k. The symbol k is the macro block
order in the super block shown in figure 27 for the 1080/60i system, figure 29 for the 1080/50i system, and
figure 31 for the 720/60p system. The small rectangle in these figures shows a macro block, and a number in
the small rectangle expresses k.

M h,i,jk where h,i, j: the super block number
k: the macro block order in the super block k =0, ...,26

Pixel location — The pixel location is expressed as P h,i,j,k,I(x,y). The pixel is indicated as the suffix of h, i, j,
k, I (x, y). The symbol | is the DCT block order in a macro block shown in figures 18 and 19. The rectangle in
the figure shows a DCT block, and a DCT number in the rectangle expresses |. The symbol x and y are the
pixel coordinate in the DCT block as described in 4.1.2.

P h,i,jk,l(x,y) where h,i,j, k: the macro block number

I: the DCT block order in the macro block
(x, y): the pixel coordinate in the DCT block x=0,...,7 y=0, ...,7
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Left e Right
0 1 2 3 4
Top o | sho00 Sh,0,1 Sh,0,2 Sh,0,3 Sh,0,4 13
macro
11 Sh1,0 Sh,1,1 Sh,1,2 Sh,1,3 Sh,1.4 blocks
2| sh20 Sh,2,1 Sh,2,2 Sh,2,3 Sh,2,4
3| sh3,0 Sh,3,1 Sh,3,2 Sh,3,3 Sh,3,4
4| sh4,0 Sh,4,1 Sh,4,2 Sh,4,3 Sh,4.4
5| sh5,0 Sh,5,1 Sh,5,2 Sh,5,3 Sh,5.4
6| Shs,0 Sh,6,1 Sh,6,2 Sh,6,3 Sh,6,4
|
7| sh70 Sh,7,1 Sh,7,2 Sh,7,3 Sh,7.4
8| shs0 Sh,8,1 Sh,8,2 Sh,8,3 Sh,8,4
9| sh90 Sh,9,1 Sh,9,2 Sh,9,3 Sh,9,4
Bottom \\ 2 S
Super block =9 9 macro blocks

=1

Figure 26 — Super blocks and macro blocks in a divided block for the 1080/60i system

Super block Sh,ij (h=0....,3, i=0,...,9, j=0,...,4)

0 1 2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17

18 19 20 21 22 23 24 25 26

Figure 27 — Macro block order in a super block for the 1080/60i system
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3
macro
blocks

divided block
Left _—> Right
0 1 2 3 4
Topg | sh0,0 Sh,0,1 Sh,0,2 Sh,0,3 Sh,0,4
1| sh10 Sh,1,1 Sh,1,2 Sh,1,3 Sh,1,4
2| sh20 Sh,2,1 Sh,2,2 Sh,2,3 Sh,2,4
3| sh3,0 Sh,3,1 Sh,3,2 Sh,3,3 Sh,3,4
4| sh40 Sh,4,1 Sh,4.2 Sh4,3 Sh,4.4
5| Sh5,0 Sh,5,1 Sh,5,.2 Sh,53 Sh,5,4
6 | Sh6,0 Sh,6,1 Sh,6,2 Sh,6,3 Sh,6,4
i 7| sh70 Sh,7.1 Sh,7,2 Sh,7,3 Sh,7,4
8 | Shs8,0 Sh,8,1 Sh,8,2 Sh,8,3 Sh,8,4
9| Sh9,0 Sh,9,1 Sh,9,2 Sh,9,3 Sh,9,4
- 10 | Sh<10,0 | Sh,10,1 | Sh<102 | Sh103 | Sh,<104
otilom
Super block ?=10 9 macro blocks
edge unit =
$0,11,0 | S$0,11,1 s0112 | s0113 | so114 |

Figure 28 — Super blocks and macro blocks for the 1080/50i system

Super block Sh,i,j (h=0,...,3, i=0,...,10, j=0,...,4)
0 1 2 3 4 5 6 7 8
9 10 11 12 13 14 15 16 17—
I
18 19 20 21 22 23 24 25 26
Super block S 0,11, (j=0,....4)
0 1 2 ................................................. 26

Figure 29 — Macro block order in a super block for the 1080/50i system
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Top

Bottom
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Left i Right
0 1 2 3 4
Sh,0,0 Sh,0,1 Sh,0,2 Sh,0,3 Sh,0,4
. T I
Sh,1,0 Sh,1,1 Sh,1,2 Sh,1,3 Sh,1,4
Sh,2,0 Sh,2,1 Sh,2,2 Sh,2,3 Sh,2,4
. T I
Sh,3,0 Sh,3,1 Sh,3,2 Sh,3,3 Sh,3,4
Sh,4,0 Sh,4,1 Sh,4,2 Sh,4,3 Sh,4,4
. T I
Sh,5,0 Sh,5,1 Sh,5,2 Sh,5,3 Sh,5,4
Sh,6,0 Sh,6,1 Sh,6,2 Sh,6,3 Sh,6,4
. T I
Sh,7,0 Sh,7,1 Sh,7,2 Sh,7,3 Sh,7,4
Sh,8,0 Sh,8,1 Sh,8,2 Sh,8,3 Sh,8,4

Sh,9,0

Sh,9,1

e e T e L e e S

Sh,9,2 Sh,9,3

\

Sh,9,4

Super block i=9

1 Super block = 27 macro blocks

i=3

Figure 30 — Super blocks and macro blocks in a divided block for the 720/60p system

Super block Sh,ij (h=0....,3, i=0,...,9, j=0,...,4)

0[1]2

314(5

678

9 10|11

121314

1516 | 175

1819120

212223 k

24125126

01]2

3145

6|78

9 (10|11

12113 |14

1516 |17

18119 |20

21122123

24125126

Figure 31 — Macro block order in a super block for the 720/60p system
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4.1.6 Definition of video segment and compressed macro block

A video segment consists of five macro blocks which are assembled from various areas within the video frame.

60-Hz system —

i+2)mod1
i+6)mod1

M h,a,p,k where a = ( ) 0,
(i+6) 0
(i+8)mod 10,
(i+0) 0,
(i+4) 0,

M h,b,q,k where b =
Mh,c,r,k wherec=
Mh,d,s,k whered=
Mh,e,t,k wheree=

i+0)mod1
i+4)mod1

w

where h: the divided block h
i: the vertical order of the super block i
k: the macro block order in the super block k

[eNoNe]
©

N
(o2}

50-Hz system —
divided block

M h,a,p,k where a = (i +2) mod 11,
M h,b,q,k where b = (i + 6) mod 11,
M h,c,r,k where c = (i + 8) mod 11,
M h,d,s,k whered = (i + 0) mod 11,
M h,e,t,k where e = (i +4) mod 11,

L TR T}
P ow N

w

where  h: the divided block h
i: the vertical order of the super block i
k: the macro block order in the super block k

.10

coo

edge unit

Mh,a,p,k whereh=0,a=11,p
Mh,b,gk whereh=0,b=11,q
Mh,c,r,k whereh=0,c=11,r
Mh,d,s,k whereh=0,d=11,s
Mh,etk whereh=0,e=11,t=

oy
LWNAO

where k: the macro block order in the super block k=0,...,26

Each video segment before the bit rate reduction is expressed as V h,i,k which consists of M h,a,p,k; M
h,b,q,k; M h,c,r,k; M h,d,s,k; and M h,e,t,k.

The bit-rate reduction process is operated sequentially from M h,a,p,k to M h,e,t,k. The data in a video
segment are compressed and transformed to a 385-byte data stream. A set of compressed video data
consists of five compressed macro blocks. Each compressed macro block consists of 77 bytes and is
expressed as CM. Each video segment after the bit-rate reduction is expressed as CV h,i,k which consists of
CM h,a,p,k; CM h,b,q,k; CM h,c,r.k; CM h,d,s,k; and CM h,e,t,k as shown below:

CMh,a,p,k :

This block includes all parts or most parts of the compressed data from macro block M h,a,p,k and may
include the compressed data of macro block M h,b,q,k; or M h,c,r,k; or M h,d,s,k; or M h,e,t,k.
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CMh,b,q.k :

This block includes all parts or most parts of the compressed data from macro block M h,b,q,k and may
include the compressed data of macro block M h,a,p,k; or M h,c,r.k; or M h,d,s,k; or M h,e,t,k.

CMh,crk:

This block includes all parts or most parts of the compressed data from macro block M h,c,r.k and may
include the compressed data of macro block M h,a,p,k; or M h,b,q,k; or M h,d,s,k; or M h,e,t k.

CMh,d,s,k :

This block includes all parts or most parts of the compressed data from macro block M h,d,s,k and may
include the compressed data of macro block M h,a,p,k; or M h,b,q,k; or M h,c,r,k; or M h,e,t k.

CMh,etk:

This block includes all parts or most parts of the compressed data from macro block M h,e,t,k and may
include the compressed data of macro block M h,a,p,k; or M h,b,q,k; or M h,c,r,k; or M h,d,s,k.

4.2 DCT processing

Four rows of eight horizontal pixels from each field of a video frame form a DCT block in the 1080-line
system. Eight rows of eight horizontal pixels from a video frame form a DCT block in the 720-line system.

The DCT transformation from 64 pixels in a DCT block whose numbers are h, i, j, k, | (x, y) to 64 coefficients
whose numbers are h, i, j, k, | (u, v) is described as follows:

P h,i,j,k,l(x,y) is the value of the pixel and C h,i,j,k,l(u,v) is the value of the coefficient.

Foru=0and v =0, the coefficient is called DC coefficient.
All other coefficients are called AC coefficients.

4.2.1 DCT mode

For the 1080-line system, there are used two DCT modes for purpose to improve picture quality after bit rate
reduction. These modes are called the 8-8-frame-DCT mode and the 8-8-field-DCT mode. The 8-8-frame-
DCT mode should be selected when the difference between two fields in a video frame is small. The 8-8-field-
DCT mode should be selected when the difference between two fields in a video frame is large.

For the 720-line system, the 8-8-frame-DCT mode should be selected.

The same DCT mode is applied to the DCT blocks in a macro block.

As shown in figure 32, if the 8-8-field-DCT mode is selected, pixels in the two vertical adjacent DCT blocks
are rearranged to form re-arranged DCT blocks that contain pixels from the same field.

The following DCT paragraph shows the algorithm that is applied to both DCT modes, the 8-8-frame-DCT and
the 8-8-field-DCT modes.

DCT:
7 7

C h,i,j,k,I(u,v) = C(v) C(u) ¥ Y (P h,i,jkI(x,y) COS(mrv(2y + 1) / 16) COS(1Tu(2x + 1) / 16))
y=0 x=0
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Inverse DCT:
7 7
P h,ijkl(x,y)= > > (C(v) C(u) C h,i,j,k,I(u,v) COS(Trv(2y + 1) / 16) COS(TTu(2x + 1) / 16))
v=0 u=0

where :

C(uy=05/+2 foru=0

C(u)=0.5 foru=1to7

C(v)=05/4/2 forv=0

C(v)=0.5 forv=1to7

DCT blocks Rearranged DCT blocks

QO : Field 1 pixels

)¢ )00
99999999, @ : Field 2 pixels

Figure 32 — Rearrangement of pixels in the 8-8-field-DCT mode

4.2.2 Weighting
The DCT coefficients C h,i,j,k,l(u,v) shall be weighted by quantizer matrix. Different quantizer matrices can be

set for luminance signals and color difference signals as shown in figure 33 for the 1080/60i system, figure 34
for the 1080/50i system, and figure 35 for the 720/60p system.

4.2.3 Output order

Figure 36 shows the output order of the weighted coefficients.
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Vertical
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Vertical
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Luminance Color difference
horizontal horizontal
01 2 3 4 5 6 7 01 2 3 45 6 7

128 16|17 (18| 18[19]|42|44
16(17|18|18|19|38(43]45
17(18(19]|19(40|41|45]48
18(18[19]40|41|42(46(49
18(19(40]41]42|43 (48101 Vertical
1938|41]|42(43|44 (98104
42|43|45]46 (48|98 [109116
44)45(48]49 [101104{116/123

128(16]17]125|26|26|42|44
16(17125(25(26]38(43 |91
17125]126(27(40]41(91(96
25(25]27140(41]84|93[197]
26(26]40(41(84 |86 [191203]
26(38]41|84 (86177197209
4214319193 [191197R19232]
44191196 [197R03209R 32246

~N o o~ W N -~ O

~N OO o~ W N -~ O

Figure 33 — Quantizer matrix for the 1080/60i system

Luminance Color difference
horizontal horizontal
01 2 3 45 6 7 01 2 3 456 7

128(16]17]125|26|26|42|44
16(17125(25(26]38(43 |91
17125]26(27|40]141]91(96
25)|25|27|40141]84|93[197]
26(26]40(41(84]86 [191R03]
261381418486 1771197209
4214319193 191197219232
44191196 [197R03209232246|

128{16[17[18]18]|19]|42]44
1617|1818 (1938|4345
17(18]19]|19|40|41|45]48
18|18|19|40 |41 |42|4649
18(19|40]41|42|43|48}101 Vertical
1938|4142 |43|44|98}104
42|43|45]46 (48|98 [1094116
44)45(48]49 101104116123

~N o o M WON - O
~N o o M WON -~ O

Figure 34 — Quantizer matrix for the 1080/50i system

Luminance Color difference
horizontal horizontal
01 2 3 45686 7 01 2 3 45686 7

128{16|17[18[18]19]42]44
16|17]|18|18|19|38|43|68
1711819194041 |68|96
18|18]19]40(41|63[92|98
18(19(40]41|63|86|96 02 Vertical
19|38]41|63|86 |88 [196208]
42(43|68]92]96 [196218232
4468|9698 P02R08R3 246

128|24 126136 (36|38)|84|88
24(26|36]36(38(76|86[182
26(36|38]38(80(82[182192
36(36|38]80(82[168/186394
36(38|80]82 (168192382406
38(76|82]168/172354{3944 18
84 (86 [1821186(382394/438464
88 1821192139414 0614 18464492

~N o oA W N =~ O
~N o o~ W N -~ O

Figure 35 — Quantizer matrix for the 720/60p system
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horizontal
_— >

2 3 4 5 6 7
6|7 115(16(28]29

14117127(30(43
1311826 (31]42]44
10112(19(25]32]|41(45(54
33(40|46(53|55
21(23]34|39(47 (525661
22(35|38148|51(57]60]62
36(37]49150|58 (5963 |64

oloa|Nn |-
oo

Vertical

N o bk~ WON -~ O
N
N
)
o
N
~

Figure 36 — Output order of a weighted DCT block

4.3 Quantization
4.3.1 Introduction

Weighted DCT coefficients are divided by quantization steps in order to limit the amount of data in one video
segment to five compressed macro blocks and transformed 9 bits.

4.3.2 Bit assignment for quantization
Weighted DCT coefficients are represented as follows:

DC coefficient value (9 bits): b8 b7 b6 b5 b4 b3 b2 b1 b0
twos complement (-255 to 255)

AC coefficient value (12 bits): s b10 b9 b8 b7 b6 b5 b4 b3 b2 b1 b0
1 sign bit + 11 bits of absolute value (-2047 to 2047)

4.3.3 Quantization step

The quantization step (Q-step) is selected in order to limit the amount of data in each five compressed macro
blocks which are generated from a single video segment. Q-step shall be decided by the quantization number
(QNO) and class number as specified in table 25. QNO shall be applied to every macro block. The class
number shall be applied to every DCT block.

Data reduction consists of two procedures. First, the AC coefficient is divided by the Q-step. If bit length of the
quantized AC coefficient obtained is more than 9, then the second procedure is performed. In the second
procedure, the AC coefficient is divided again by larger Q-step according to increasing class numbers in order
to make the bit length of the quantized AC coefficient 9 or less.
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Table 25 — Quantization step

Class number
0 1 2 3
1 1 2 4 8
2 2 4 8
3 3 6 12
4 4 8
5 5 10
Quantization 6 6 12
number 7 7 14
(QNO) 8 8
9 16 32 64
10 18 36 72
11 20 40 80
12 22 44 88
13 24 48 96
14 28 56 112
15 52 104

4.4 Variable length coding (VLC)

Variable length coding is an operation for transforming from quantized AC coefficients to variable length
codes. One or more successive AC coefficients within a DCT block are coded into one variable length code
according to the order as shown in figure 36. Run length and amplitude are defined as follows:

Run length: The number of successive AC coefficients quantized to 0
(run=0, ..., 61)
Amplitude: Absolute value just after successive AC coefficients quantized to 0

(amp =0, ..., 255)

(run, amp): The pair of run length and amplitude.
Table 26 shows the length of code words corresponding to (run, amp). In the table, sign bit is not included in
the length of code words. When the amplitude is not zero, the code length shall be increased by an increment

of 1 to express the sign of the amplitude. For empty cells in the table, the code word of the (run, amp) is
divided into two words, the (run - 1, 0) and the (0, amp).

Variable length code shall be as shown in table 27. The leftmost bit of code words is MSB and the rightmost
bit of code words is LSB in table 4. The MSB of a subsequent code word is next to the LSB of the code word
just before. Sign bit “s” shall be as follows.

When the quantized AC coefficient is greater than zero, s =0
When the quantized AC coefficient is less than zero, s = 1

When the values of all of the remaining quantized coefficients are zero within a DCT block, the coding
process is ended by adding the EOB (end of block) code word of 0110b directly after the last code word.
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Table 26 — Length of codewords

Amplitude
Runlengtf0 |1 ]2 (3 |4 |5|6 |7 |89 [10[11|12[13|14[15|16|17|18]19(20|21| 22| 23|~~~ [255
0 1112 |3|4(4|5|5|6|6|7|7|7|8|8(8[8|8([8(9]|9]9(9]|9 |15(——]15
1114 |5|7|718(8 9 (10[10]10[11[11]11] 12(12]12
2 12|15 (7 (81919 [10[12]12[12(12]12
3 12[6 |8 |9 [10]10]11]12
4 12| 6(8 |9 | 1112
5 12| 7|9 |10
6 131 719 |11
7 13] 8 [12[12
8 13| 8 {1212
9 13| 8 |12
10 13[ 8 [12
11 13] 9
12 13| 9
13 13| 9
14 13| 9
15 13
|
61 13
NOTES

1 Sign bit is not included.
2 The length of EOB = 4.
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Table 27 — Codewords of variable length coding
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1(R,00:1111110r5r4r3r2r1r0,
where 32r5 + 16r4 + 8r3 + 4r2 + 2r1 +r0 = R.

2(0,A):1111111a7a6abad4a3a2alals,
where 128a7 + 64a6 + 32a5 + 16a4 + 8a3 +4a2 + 2a1 + a0 = A.

3 S is sign bit. EOB means End of block.

run, amp) Codeword Length|run, amp) Codeword Length [run, amp Codeword Length
0 1]00s 2+1 |11 [ 1]|111100000s 7121111110110000s
0| 2(010s 3+1 | 12| 1 |111100001s 8 12|111110110001s
EOB |0110 4 13| 1|111100010s 9 2 {(111110110010s
1 110111s 14|11 (111100011s 10 |2 |111110110011s
0| 3(1000s 4+1 | 5 | 2 ([111100100s 7 13|11M1110110100s
0| 4(1001s 6 | 2[111100101s 8 [ 3|111110110101s
2 1110100s 313 ([(111100111s 4 |1 5|111110110110s
1 2110101s 541 4 13]|111100111s 941 3171111101101 11s 1241
0 5/10110s 2 |14(111101000s 2 7(111110111000s
0 6 |110111s 2 5(111101001s 2 8 ([111110111001s
3 11110000s 1 8 [111101010s 2 9 (111110111010s
4 1{110001s 0 |18(111101011s 2 110(|111110111011s
0| 7[110010s ot 0 |19(111101100s 2 ([11]111110111100s
0 81110011s 0 |20(111101101s 1 15(111110111101s
5 111101000s 0 [21(111101110s 1 [16|111110111110s
6 111101001s 0 |22(111101111s 1 17 (11111011111 1s
2|1 2|1101010s 5]13(1111100000s 6 10(1111110000110
1 3[1101011s 741 3 [4(1111100001s 7 0 (1111110000111
1 411101100s 3|15(1111100010s ! ! Binary
o] 9f[1101101s 2 |6 [1111100011s | 10+1 F; 5 1111110 2?§‘i°“ 13
0 |10({1101110s 119(11111100100s ‘ ‘ R=61t061
0 |1M[1101111s 1 ({10]|1111100101s 611 0 1111110111101
7 1111100000s 11111111001 10s 0 123/1111111100010111s
8 1111100001s 0011111001110 " 01 24/1111111100011000s
9 1111100010s 1 0 (11111001111 ; ;
10| 1({11100011s 6 [ 3 (11111010000s (; i11111118inarynotatior 15+1
312(11100100s 4 (4111111010001s ; ; pf A

: : A=2310255
41 2]|11100101s 3]|16(11111010010s 141 : :
21 3|11100110s 1({12]11111010011s 0 |255(111111111111111s
1 5(11100111s 8+1 1 113|11111010100s
1 6111101000s 1114 111111010101s
1 7111101001s 2 0 (111110101100
0 |12(11101010s 310(111110101101
0 |13({11101011s 4 (0|111110101110 12
0 [14]11101100s 510 (111110101111
0 [15(11101101s
0 [16({11101110s
0 [17({11101111s

NOTES
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4.5 Arrangement of a compressed macro block

A compressed video segment consists of five compressed macro blocks. Each compressed macro block has
77 bytes of data. The arrangement of the compressed macro block shall be as shown in figure 37.

STA (status of the compressed macro block)

STA expresses the error and concealment of the compressed macro block and consists of four bits: s3, s2,
s1, s0. Table 28 shows the definitions of STA.

QNO (quantization number) — QNO is the quantization number applied to the macro block. Code words of
the QNO shall be as shown in table 29.

DC -

DCI (where | is the DCT block order in the macro block, | = 0, ..., 7 ) consists of a DC coefficient, the DCT
mode, and the class number of the DCT block.

MSB LSB
DCl: b8 b7 b6 b5 b4 b3 b2 b1 b0 mO c1 cO
where
b8 to b0: DC coefficient value
mO : DCT mode
forI=0 0 = 8-8-frame-DCT mode
1 = 8-8-field-DCT mode
forl=1to 7 reserved bit for future use
Default value shall be set to 1
¢1 c0 : class number
AC -

AC is a generic term for variable length coded AC coefficients within the video segment V h,i,k. The areas of
Yo, Y4, Y2, Y3, CRg, CR4, CBy, and CB; are defined as compressed-data areas, each of Yy, Y4, Y2, Y3, CR,,
and CR; consists of 80 bits and each CB, and CB; consists of 64 bits as shown in figure 37. DCI and variable
length code for AC coefficients in the DCT block whose DCT block number is h,i,j,k,I are assigned from the
beginning of the compressed-data area in the compressed macro block CM hii,j,k. In figure 37, the variable
length code word is located starting from MSB which is shown in the upper left side, and the LSB shown in
the lower right side. Therefore, AC data are distributed from the upper left corner to the lower right corner.

Byte position number

3 4 5 - 1415 - 24 25 - 34 35 - 44 45 - 54 55 - 64 65 = 72 7379
MsB : : : : : : : :
S| | ! : | ! : |
/I D D D! D D D! D D
C! C! C! C! C! c! C! C
alo AC 1 AC 5 AC 3 AC 4 AC 5 AC 6 AC 7 AC
N
LSB O
Yo Y, Y, Y, CR, CR, CB, CB,
10 bytes 10 bytes 10 bytes 10 bytes 10 bytes 10 bytes  8bytes 8 bytes

Figure 37 — Arrangement of a compressed macro block
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Table 28 — Definition of STA

STA bit Information of the compressed macro block
s3 | s2 | s1 sO Error Error concealment Continuity
0 0 0 0 Not proceeded
0 0 1 0 Type A
No error

0 1 0 0 Type B Type a
0 1 1 0 Type C
0 1 1 1 Error exists ——
1 0 1 0 Type A
1 1 0 0 No error Type B Type b
1 1 1 0 Type C
1 1 1 1 Error exists

other reserved

where

Type A: Replaced with a compressed macro block of the same compressed macro block number
in the frame immediately previous.

Type B: Replaced with a compressed macro block of the same compressed macro block number
in the next immediate frame.

Type C: This compressed macro block is concealed, but the concealment method is not specified.

Type a The continuity of data processing sequence with other compressed macro block
whose s0 = 0 and s3 = 0 in the same video segment is guaranteed.

Type b: The continuity of data processing sequence with other compressed macro block
is not guaranteed.

NOTES

1 For STA = 0111b, the error code is inserted in the compressed macro block. This is an option.
2 For STA = 1111b, the error position is unidentified.

Table 29 — Codewords of the QNO

Q number bit

QNO
a3 g2 q1 q0
0 0 0 0 0
0 0 0 1 1
0 0 1 0 2
0 0 1 1 3
0 1 0 0 4
0 1 0 1 5
0 1 1 0 6
0 1 1 1 7
1 0 0 0 8
1 0 0 1 9
1 0 1 0 10
1 0 1 1 11
1 1 0 0 12
1 1 0 1 13
1 1 1 0 14
1 1 1 1 15
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4.6 Arrangement of a video segment

In this clause, the distribution method of quantized AC coefficients is described. Figure 38 shows the
arrangement of a video segment CV h,i,k after bit-rate reduction. The column shows a compressed macro
block. Symbol F h,i,j,k,| expresses a compressed data area for a DCT block whose DCT block number is h, i,
j, k, |. Bit sequence, defined as B h,i,j,k,I, shall consist of the following concatenated data: DC coefficient, DCT
mode information, class number, and AC coefficient code words for DCT blocks numbered h,i,j,k,|. Code
words for AC coefficients of B h,i,j,k,| shall be concatenated according to the order as shown in figure 36 and
the last code word shall be EOB. The MSB of the subsequent code word shall be next to the LSB of the code
word just before it.

The algorithm for the arrangement of a video segment shall be composed of three passes:
Pass 1: The distribution of B h,i,j,k,| to the compressed-data area;

Pass 2: The distribution of the overflow B hi,i,j,k,| which remains after the pass 1 operation in the same
compressed macro block;

Pass 3: The distribution of the overflow B h,i,j,k,| which remains after the pass 2 operation in the same video
segment.

Arrangement algorithm of a video segment
for(h=0; h<4; h++){

if (60 Hz system) n = 10;
elseif (h=0)n=12;

elsen=11;
for(i=0; i<n; i++){
if (i<11){
a=(i+2)modn;
b= (i + 6) mod n;
c=(i +8)mod n;
d=(i+0)mod n;
e=(i+4)modn;
p=2;9=1;r=3;s=0;t=4;
}
else {

a=b=c=d=e=11;
p=0;9=1;r=2;s=3;t=4;

}
for(k=0; k<27;k ++){
X=a,y=p;
VR =0;
/* VR is the bit sequence for the data */
/* which are not distributed to video segment CV h,i,k by pass 2. */
/*pass 1*/
for(j=0; j<5;j++){
MRy = 0;
I* MRy is the bit sequence for the data */
/* which are not distributed to macro block M h,x,y,k by pass 1. */
for (1=0; 1<8;1++){
remain = distribute (B h,x,y,k,I, F h,x,y,k,l);
MRy = connect (MRy, remain);

if(y==p) {y=0a; x=Db3}
elseif(y==q) {y=r;, x=c;}
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elseif (y==r) {y=s; x=d;}
elseif (y==s) {y=t; x=¢;}
elseif (y==t) {y=p; x=a;}

}
[* pass 2 */
for (j=0; j<5j++){
for(I1=0; 1<8;1++){
MRy = distribute (MRy, F h,x,yk,l);
}

VR = connect (VR, MRy);
if(y==p) {y=q; x=b}
elseif (y==q) {y=r, x=c}
elseif(y==r) {y=s; x=d;}
elseif (y==s) {y=t; x=¢;}
elseif (y==1) {y=p; x=a}

}
[* pass 3 */
for(j=0; j<5;j++){
for(1=0; 1<8;1++){
VR = distribute (VR, F h,x,y,k,l);

if (y==p) {y=0q; x=Db;}
elseif(y==q) {y=r;, x=c;}
elseif(y==r) {y=s; x=d;}
elseif (y==s) {y=t, x=¢;}
elseif (y==t) {y=p; x=a}

}
}
}
}
where
distribute (data 0, area 0) { /* Distribute data 0 from MSB into empty area of area 0. */
/* The area 0 is filled starting from the MSB. */
remain = (remaining_data); /* Remaining_data are the data which are not distributed. */
return (remain);
}

connect (data 1, data 2 ) { /* Connect the MSB of data 2 with the LSB of data 1. */
data 3 = (connecting_data); /* Connecting_data are the data which are connected. */
[* data 2 with data 1. */

return (data3);

}

The remaining data which can not be distributed within the unused space of the macro block will be ignored.
Therefore, when error concealment is performed for a compressed macro block, some data distributed by
pass 3 may not be reproduced.

Video error code processing

If errors are detected in a compressed macro block which is reproduced and processed with error correction,
the compressed-data area containing these errors should be replaced with the video error code. This process
replaces the first two bytes of data of the compressed-data area with the code as follows:

MSB LSB
1000000000000110b
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The first 9 bits are DC error code, the next 3 bits are the information of DCT mode and class number and the
last 4 bits are the EOB as shown in figure 39.

When the compressed macro blocks, after error code processing, are input to the decoder which does not
operate with video error code, all data in this compressed macro block should be processed as invalid.

Byte position number

Compressed 3 4 ........... 14 coeeeennnn. 2 34 e 44 e, B4 e 64 coeeernnn. 72 e 79
macro block [s
number T
A
CMh,a,p.k LFhapkO Fhapk1 | Fhapk2| Fhapk3| Fhapk4 | Fhapk5 | Fhapk6| Fhapk?7

CMh,b,q.k Fhb,qk0 | Fhbak1 | Fhbgk2| Fhb,aqk3| Fhbak4 | Fhb,ak5 | Fhbgqk6| Fhb,qk?7

CMh,c,rk Fherko | Fherk/ Fherk2 | Fherk3 | Fherk4 | Fherk5 |Fherk6 | Fherk7
CMhd,sk Fhdsk0 | Fhdsk1 | Fhdsk2 | Fhdsk3 | Fhdsk4 | Fhdsk5 | Fhdsk6| Fhdsk7
CMh,etk Fhetk0 | Fhetk1 Fhetk2 | Fhetk3 | Fhetk4 | Fhetk5 |Fhetk6 | Fhetk?7

mozo‘m > - n o.ozo‘o.:o—cmoozo‘o > U‘OZO‘G’)—!U)NOZO

Y LYy | Y, | Y | crR | CRy | CB | cBy

< < 2IS = 2I< 21 >1< >1<
10 bytes 10 bytes 10 bytes 10 bytes 10 bytes 10 bytes 8 bytes 8 bytes

Figure 38 — Arrangement of a video segment after the bit rate reduction

DC error
M:SB Dé:l ™0 mo
; oo cl
; : 010
. 0
; 0]o0 C
8b|tsE , — oo
; 8 1 EOB
LSB 0]0

Figure 39 — Video error code
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Annex A (informative)
Relationship between compression format and other documents

Figure A.1 shows the relationship between the compression format (this document) and other documents defining the D-xx recorder.

e ——————— |
I'l Data stream format :
: (321M) |
| |
I SDTI '
SDTI 2 > ]
321M I formatter |
! ]
Compression format
(oxyM) DIF
formatter
Video Recording format :
. . i M
274M Video processing boo)
296M ................................................................... H
Audio AES3 i Audio processing Rec/PB <—>
processing
Subcode 12M Subcode processing

Figure A.1 — Block diagram of D-xx recorder
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Annex B (normative)
Digital filter for sampling-rate conversion

Insertion loss (dB)

60 —
50 _| 50dB
40 | 40dB
30 —
20 —|
10 — 6dB
0
I I I I
~fs c~ ~fs e~ f f
0 b-fs c-fs d-fs e-fs Frequency ( fs = 74.25MHz )
Figure B.1 — Template for insertion loss frequency characteristic
% 0.05—
[}
(2]
e 0 0.1dB
c
.9
3 -0.05_]
£
| | Frequency ( fs = 74.25MHz )
0 a~ fs b~ fs

Figure B.2 — Pass band ripple tolerance
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Table B.1 — Parameter of digital filter

a b (] d e

. Y 0.05 0.25 0.333 0.45 0.55
1080/60i

Cg, Cr 0.025 0.125 0.167 0.225 0.275

. Y 0.05 0.25 0.375 0.50 0.60
1080/50i

Cg, Cr 0.025 0.125 0.1875 0.25 0.30

Y 0.05 0.25 0.375 0.50 0.60
720/60p

Cg, Cr 0.025 0.125 0.1875 0.25 0.30

Annex C (informative)
Compression specification

The compression specification of this standard is different from the IEC 61834-3 HD format for 1125-60 and 1250-50 systems.

Annex D (informative)
Abbreviations and acronyms

AAUX Audio auxiliary data

AP1 Audio application ID

AP2 Video application ID

AP3 Subcode application ID
APT Track application ID

Arb Arbitrary

AS AAUX source pack

ASC AAUX source control pack
CGMS Copy generation management system
CM Compressed macro block
DBN DIF block number

DCT Discrete cosine transform
DIF Digital interface

DRF Direction flag

Dseq DIF sequence number

DSF DIF sequence flag

EFC Emphasis audio channel flag
EOB End of block

LF Locked mode flag

QNO Quantization number

Qu Quantization

Res Reserved for future use
SCT Section type

SMP Sampling frequency

SSYB Subcode sync block

STA Status of the compressed macro block
STYPE Signal type

Syb Subcode sync block number
TF Transmitting flag

VAUX Video auxiliary data

VLC Variable length coding

VS VAUX source pack

VSC VAUX source control pack

Annex E (informative)
Bibliography

IEC 61834-2 (1997), Recording — Helical-Scan Digital Video Cassette Recording System Using 6,35 mm Magnetic Tape for Consumer
Use (525-60, 625-50, 1125-60 and 1250-50 Systems)

— Part 2: SD Format for 525-60 and 625-50 Systems

— Part 3: HD Format for 1125-60 and 1250-50 Systems
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SMPTE STANDARD

for Television —

1280 x 720 Progressive Image Sample
Structure — Analog and Digital

SMPTE 296M-2001

Revision of
ANSI/SMPTE 296M-1997

Representation and Analog Interface

Contents

Scope

Normative references

General

Timing

System colorimetry

Raster structure

Digital representation

Digital timing reference sequences (SAV, EAV)
Ancillary data

Bit-parallel interface

Analog sync

12 Analog interface

Annex A Production aperture

Annex B Pre- and post-filtering characteristics
Annex C Bibliography
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1 Scope

1.1 This standard defines a family of progressive
image sample systems for the representation of stationary
or moving two-dimensional images sampled tempo-
rally at a constant frame rate and having an image
format of 1280 pixels by 720 lines and an aspect
ratio of 16:9 as given in table 1. All systems in the
table have the common characteristic that all the
samples gathered within a single temporal unit, a frame,
shall be spatially contiguous and provide a complete
description of that frame (4.2) This standard specifies:

— R'G'B' color encoding;

— R'G'B' analog and digital representation;

—Y'P'sP'r color encoding, analog representation, and
analog interface; and

—Y'C'BC'r color encoding and digital representation.

Table 1 — Image sampling systems

Luma or R'G'B' | Active Lumaor R'G'B’ Luma sample Total
samples per |lines per sampling periods per lines
System active line frame Frame frequency total line per
nomenclature (S/AL) (AL/F) | rate, Hz (fs), MHz (S/TL) frame
1 | 1280 x 720/60 1280 720 60 74.25 1650 750
2 | 1280 x 720/59.94 1280 720 60/1.001 74.25/1.001 1650 750
3 | 1280 x 720/50 1280 720 50 74.25 1980 750
4 | 1280 x 720/30 1280 720 30 74.25 3300 750
5 | 1280 x 720/29.97 1280 720 30/1.001 74.25/1.001 3300 750
6 | 1280 x 720/25 1280 720 25 74.25 3960 750
7 | 1280 x 720/24 1280 720 24 74.25 4125 750
8 | 1280 x 720/23.98 1280 720 24/1.001 | 74.25/1.001 4125 750
NOTE — For systems 4 through 8, analog video interface is not preferred. See clause 12.
Copyright © 2001 by THE SOCIETY OF
MOTION PICTURE AND TELEVISION ENGINEERS Approved

595 W. Hartsdale Ave., White Plains, NY 10607
(914) 761-1100

January 4, 2001
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Designers should be aware that serial digital inter-
faces for formats other than Y'C'sC'r have not been
defined.

A bit-parallel digital interface is incorporated by refer-
ence in clause 10.

NOTE - Throughout this standard, references to signals
represented by a single primed letter (e.g., R, G', and B')
are equivalent to the nomenclature in earlier documents of
the form ER', EG', and Eg', which in turn refer to signals to
which the transfer characteristics in 5.4 have been applied.
Such signals are commonly described as being gamma
corrected.

1.2 This standard specifies multiple system formats
(table 1). It is not necessary for an implementa-
tion to support all formats to be compliant with
this standard. However, an implementation must
state which of the system formats are supported.

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
listed below.

SMPTE 274M-1998, Television — 1920 x 1080 Scan-
ning and Analog and Parallel Digital Interfaces for
Multiple Picture Rates

SMPTE 291M-1998, Television — Ancillary Data
Packet and Space Formatting

SMPTE RP 160-1997, Three-Channel Parallel Analog
Component High-Definition Video Interface

SMPTE RP 177-1993 (R1997), Derivation of Basic
Television Color Equations

CIE Publication 15.2 (1986), Colorimetry, Second
Edition

IEC 60169-8 (1978-01), Radio Frequency Connectors,
Part 8: R.F. Coaxial Connectors with Inner Diameter
of Outer Conductor 6.5 mm (0.256 in) with Bayonet
Lock — Characteristic Impedance 50 Ohms (Type
BNC) plus amendments IEC 60169-8-am1 (1996-03)
and |IEC 60169-8-am2 (1997-11)
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ITU-R BT.709-4 (09/00), Parameter Values for the
HDTV Standards for Production and International
Programme Exchange

3 General

3.1 The specification of a system claiming
compliance with this standard shall state:

— which of the systems of table 1 are imple-
mented,;

—which of the analog R'G'B’ or Y'P'gP’'r and/or which
of the digital R'G'B' or Y'C'sC'r interfaces are imple-
mented; and

—whether the digital representation employs eight bits
or 10 bits per sample in its uniformly quantized (linear)
PCM coding.

3.2 Digital codeword values in this standard are
expressed as decimal values in the 10-bit repre-
sentation. An eight-bit system shall either round
or truncate to the most significant eight bits as
specified in 7.10.

4 Timing

4.1 Timing shall be based on a reference clock of
the sampling frequency indicated in table 1, which
shall be maintained to a tolerance of £ 10 ppm.

4.2 A frame shall comprise the indicated total
lines per frame, each line of equal duration as
determined by the sampling frequency (fs) and the
samples per total line (S/TL). Samples may be
obtained in an optoelectronic conversion process
sequentially, simultaneously, or via a combination
of both, provided all samples in the frame are
contiguous in the image and obtained within the
same temporal frame period. The samples within
each line shall be uniformly delivered to and col-
lected from the interface in a spatially left-to-right
sequence; lines in a frame shall be uniformly
delivered to and collected from the interface in
a spatially top-to-bottom sequence. Lines are
numbered in time sequence according to the raster
structure described in clause 6.

4.3 Timing instants in each line shall be defined with
respect to a horizontal datum denoted by OH which
is established by horizontal synchronizing (sync)
information in clauses 8 and 11. Each line shall be
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divided into a number of reference clock intervals,
of equal duration, as specified by the column S/TL
in table 1. The time between any two adjacent sam-
ple instants is called the reference clock interval T.
T = 1/fs.

5 System colorimetry

5.1 Equipment shall be designed in accordance
with the colorimetric analysis and optoelectronic
transfer function defined in this clause. This cor-
responds to ITU-R BT.709.

5.2 Picture information shall be linearly repre-
sented by red, green, and blue tristimulus values
(RGB), lying in the range 0 (reference black) to 1
(reference white), whose colorimetric attributes are
based upon reference primaries with the follow-
ing chromaticity coordinates, in conformance
with ITU-R BT.709, and whose white reference
conforms to CIE Des as defined by CIE 15.2:

CIE x ClEy
Red primary 0.640 0.330
Green primary 0.300 0.600
Blue primary 0.150 0.060
Reference white 0.3127 0.3290

5.3 From the red, green, and blue tristimulus
values, three nonlinear primary components,
R', G', and B’', shall be computed according to
the optoelectronic transfer function of ITU-R
BT.709, where L denotes a tristimulus value and
V' denotes a nonlinear primary signal:

0<L<0.018
0.018<L<1.0

_ O4sL,
H1.0991.%45 — 0.099,

1

5.4 To ensure the proper interchange of picture
information between analog and digital repre-
sentations, signal levels shall be completely
contained in the range specified between refer-
ence black and reference white specified in 7.6
and 12.4, except for overshoots and under-
shoots due to processing.

5.5 The Y' component shall be computed as a
weighted sum of nonlinear R'G'B’ primary compo-
nents, using coefficients calculated from the reference
primaries according to the method of SMPTE RP 177:

Y' =0.2126R"' + 0.7152G' + 0.0722B'

SMPTE 296M-2001

NOTE - Because the Y' component is computed from
nonlinear R'G'B' primary components rather than from the
linear tristimulus RGB values, it does not represent the true
luminance value of the signal, but only an approximation.
To distinguish it from luminance, the term luma is used for
the Y' signal. For more information, see e.g. Poynton, A
Technical Introduction to Digital Video.

5.6 Color-difference component signals P'g and
P'r, having the same excursion as the Y' com-
ponent, shall be computed as follows:

., _ 05 L v
P's =1 00722 B ~Y")
.05 Ly
P'R =1 02126 R ~Y")

P's and P'r are filtered and may be coded as C'g and
C'r components for digital transmission. Example
filter templates are given in figure B.2.

6 Raster structure

6.1 For details of vertical timing, see figures 1
and 2.

6.2 In a system according to this standard, each
frame shall comprise 750 lines including:

— Vertical blanking: lines 1 through 25 inclusive
(including vertical sync, lines 1 through 5 inclusive)
and lines 746 through 750 inclusive; and

— Picture: 720 lines, lines 26 through 745 inclusive.

6.3 Ancillary signals, as distinct from ancillary
data, may be conveyed during vertical blanking,
lines 7 through 25 inclusive. The portion within
each of these lines that may be used for ancillary
data is defined in 9.3. Ancillary signals shall not
convey picture information although they may be
employed to convey other related or unrelated
signals, coded similarly to picture information.
Further specification of ancillary signals is out-
side the scope of this standard.

6.4 During time intervals not otherwise used, the
R, G',B'orY',P'g, C'g, P'R, and C'r components
shall have a blanking level corresponding to zero.

6.5 The production aperture defines a region

1280 samples by 720 lines. The horizontal ex-
tent of the production aperture shall have the

Page 3 of 14 pages
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Figure 2 — Vertical timing (digital representation)

50% point of its leading transition at reference
luma sample 0 and the 50% point of its trailing
transition at luma sample 1279. The production
aperture defines the maximum extent of picture
information. For further information, consult annex
A.

6.6 The aspectratio of the image represented by
the production aperture shall be 16:9. The sample
aspect ratio is 1:1 (square pixels).

6.7 The center of the picture shall be located at
the center of the production aperture, midway
between samples 639 and 640, and midway
between lines 385 and 386.

6.8 Each edge of the picture width, measured
at the 50% amplitude point, shall lie within six
reference clock intervals of the production aperture.
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7 Digital representation

7.1 Digital representation shall employ either
R'G'B' or Y'C'BC'rR components, as defined in
clause 5 or clause 6, uniformly sampled.

NOTE — Each component is prepared as an individual
channel. Combinations of channels may be presented to an
appropriate interface for signal interchange. For example,
the Y' channel and the multiplexed C's/C'r channel data
together comprise a source format for the serial interface
specified in SMPTE 292M.

7.2 The digital signals described here are
assumed to have been filtered to reduce or pre-
vent aliasing upon sampling. For information
regarding filtering, consult annex B.

7.3 The characteristics of the digital signals are
based on the assumption that the location of any
required sin (x)/x correction is at the point where
the signal is converted to an analog format.
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74 R'G'B' signals and the Y' signal of the
Y'C'gC'r interface shall be sampled ortho-
gonally, line- and picture-repetitive, at the sam-
pling frequency, fs. The period of the sampling
clock shall be denoted T. R'G'B’' samples shall
be cosited with each other.

7.5 A luma sampling number in a line is denoted in
this standard by a number from O through one
less than the total number of samples in a line.
Luma sample number zero shall correspond to the
first active video sample. The luma sample num-
bering is shown in figure 3. Note that the distance
between Oy and the start of SAV is 256 samples.

NOTE - The active video digital representation is 1280 clock
periods (0-1279) in length.

Analog
Waveform
(Y'R'G'B)

B

256T

A

Durations in AT

A
h 4

B.T

v

A

References

AT 40T 40T

h 4
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7.6 Digital R', G', B', and Y' components shall
be computed as follows:

L'p = Floor (219DL'+ 16D + 0.5); D = 2"8

where L' is the component value in abstract terms
from zero to unity, n takes the value 8 or 10 corre-
sponding to the number of bits to be represented, and
L'p is the resulting digital code. The unary function
Floor yields the largest integer not greater than its
argument.

NOTE — This scaling places the extrema of R’, G', B, and
Y' components at codewords 64 and 940 in a 10-bit repre-
sentation or codewords 16 and 235 in an eight-bit repre-
sentation.

M)
«

AT 1280T

A
Y
A
A4

Clock Periods

C.T

A

A

M

Luma

Sample

hfi]

alolcld]

Numbering
BT

A

Duration in

1280T ref. Clock

A4

periods

Digital
Data
Stream

ANCILLARY DATA or

EAV BLANKING CODEWORDS

VIDEO DATA

NOTES
1 Horizontal axis not to scale.

2 Oy is the analog horizontal timing reference point, and in the analog domain, is regarded as the start of the line.
3 Aline of digital video extends from the first word of EAV to the last word of video data.

Figure 3 — Analog and digital timing relationships
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7.7 Digital C's and C'r components of the Y'C'sC'r
set shall be computed as follows:

C'p = Floor (224DC’ + 128D + 0.5); D = 2"8

where C' is the component value in abstract terms
from — 0.5 to + 0.5, and C'p is the resulting digital
code. The unary function Floor yields the largest
integer not greater than its argument.

NOTE - This scaling places the extrema of C'g and C'r at
codewords 64 and 960 in a 10-bit representation or code-
words 16 and 240 in an eight-bit representation.

7.8 C's and C'r signals shall be horizontally
subsampled by a factor of two with respect to the
Y' component. C's and C'r samples shall be
cosited with even-numbered Y' samples. The
sample number zero of C'g and C'r corresponds
to the first active video 0 sample. For information
regarding filtering, consult annex B.

The subsampled C's and C'r signals shall be time-
multiplexed on a sample basis, in the order C'sC'r.
The first data word of an active line shall be a C's
sample. The multiplexed signal is referred to as
C'B/C'R.

NOTE - Systems 7 and 8 have 2063 C'g sample periods
and 2062 C'r sample periods per line. The C'g/C'r multi-
plexer must be reset every line at sample number zero.

7.9 Code values having the eight most signifi-
cant bits all zero or all one — that is, 10-bit codes
0, 1, 2, 3, 1020, 1021, 1022, and 1023 — are
employed for synchronizing purposes and shall
be prohibited from video, ancillary signals, and
ancillary data.

7.10 A system having an eight-bit interface shall
address the conversion of 10-bit video data to
eight bits with an appropriate process that mini-
mizes video artifacts such as quantization noise.
Ancillary data in 10-bit format shall be converted
to eight-bit format by truncating the two least
significant bits. In both cases, when converting
eight-bit data to 10-bit data, the two least signifi-
cant bits of the 10-bit word shall be set to 0.

NOTE — SMPTE is addressing rounding for all eight-bit/10-
bit digital video standards. SMPTE 291M describes the
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handling of ancillary data between eight-bit and 10-bit inter-
faces in annex D.

7.11 For Y', R', G', and B’ signals, undershoot
and overshoot in video processing may be
accommodated by the use of codewords 4
through 63 and codewords 941 through 1019
in a 10-bit system, or codewords 1 through 15
and codewords 236 through 254 in an eight-bit
system.

For C's and C'r signals, undershoot and overshoot
in video processing may be accommodated by the
use of codewords 4 through 63 and codewords 961
through 1019 in a 10-bit system, or codewords 1
through 15 and codewords 241 through 254 in an
eight-bit system.

8 Digital timing reference sequences
(SAV, EAV)

8.1 SAV (start of active video) and EAV (end of
active video) digital synchronizing sequences
shall define synchronization across the digital
interface. Figures 2, 3, and 4 show the relation-
ship of the SAV and EAV sequences to digital and
analog video.

8.2 An SAV or EAV sequence shall comprise
four consecutive codewords: a codeword of all
ones, a codeword of all zeros, another code-
word of all zeros, and a codeword including F
(frame), V (vertical), H (horizontal), P3, P2,
P1, and PO (parity) bits. An SAV sequence
shall be identified by having H = 0; EAV shall
have H = 1 (tables 3 and 4 show details of the
coding).

8.3 When digitized, every line shall include a
four-sample EAV sequence commencing 110
clocks prior to Oy (for systems 1 and 2); 440
clocks prior to Oy (for system 3); 1760 clocks
prior to OH (for systems 4 and 5); 2420 clocks
prior to OH (for system 6);and 2585 clocks prior
to OH (for systems 7 and 8). When digitized, every
line shall include a four-sample SAV sequence
commencing 256 clocks after On (for all systems
[1, 2, 3, 4,5, 6,7, and 8]). The EAV sequence
immediately preceding the Oy datum of line 1
shall be considered to be the start of the digital
frame as shown in figure 2.
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NOTES
1 Figure 3/table 2 show numbering of luma sample numbers for each of the systems covered in this standard.
2 On is the analog horizontal timing reference point.

Figure 4 — Digital representation — Horizontal timing details

Table 2 — Values for figures 3 and 4 and table 5 for different systems

Luma sample numbering
Systems| a b c d e f g h i j k [ m n ) p
1,2 [1280(1281|1282|1283|1284|1350(1389|1390|1391|1430|1646|1647|1648|1649| 0 |1279
3 1280|1281 128212831284 1680 |1719|1720|1721|1760 1976 |[1977 1978|1979 0 |1279
4,5 1280|1281 |1282|1283|1284 3000 3039|3040 /3041 30803296 3297/32983299| 0 |1279
6 1280 /1281|1282 1283|1284 3660|3699 | 3700|3701 | 3740|3956 |3957|39583959| 0 [1279
7,8 1128012811282 1283|1284 3825|3864 | 3865|3866 3905|4121 4122|4123 4124 0 [1279
System Duration in reference clock periods (T)
A B C
1,2 70 362 1650
3 400 692 1980
4,5 1720 2012 3300
6 2380 2672 3960
7,8 2545 2837 4125

NOTE — Figure 3 and table 2 representations show nominal relationship values between the analog and digital
representations. See figure 5 and table 5 for tolerance values for the analog sync including rise and fall tolerances.
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Table 3 — Video timing reference codes

Bit 9 8 7 6 5 4 3 2 1 0
number (MSB) (LSB)
Word Value
0 1023 1 1 1 1 1 1 1 1 1 1
1 0 0 0 0 0 0 0
2 0 0 0 0 0 0 0 0 0 0 0
3 1 F \ H P3 P2 P1 PO 0 0
Table 4 — Protection bits for SAV and EAV
Bit number 9 8 7 6 5 4 3 2 1 0
1 F \Y H P3 P2 P1 PO 0 0
Function Fixed Fixed Fixed
0 1 0 0 0 0 0 0 0 0 0
valie [ 1 0 0 1 1 1 0 1 0 0
(FIVIH) 2 1 0 1 0 1 0 1 1 0 0
3 1 0 1 1 0 1 1 0 0 0

8.4 F/V/H flags
— The EAV and SAV of all lines shall have F = 0.

— The EAV and SAV of lines 1 through 25 inclusive
and lines 746 through 750 inclusive shall have V = 1.

— The EAV and SAV of lines 26 through 745 inclusive
shall have V = 0.

—The EAV of line 1 shall be considered the start of the
digital frame.

8.5 A line which in the analog representation
is permitted to convey ancillary signals may
convey digitized ancillary signals.

9 Ancillary data

9.1 Ancillary data may optionally be included in
the blanking intervals of a digital interface
according to this standard.

9.2 The interval between the end of EAV and
the start of SAV may be employed to convey
ancillary data packets. Designers should be
aware that when SMPTE 292M serial interface
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is employed, the first four samples after EAV are
reserved for other usage.

9.3 The interval between the end of SAV and the
start of EAV of any line that is outside the vertical
extent of the picture (as defined in clause 6.2),
and that is not employed to convey digitized
ancillary signals, may be employed to convey
ancillary data packets.

NOTE — Currently SMPTE is defining the switching point(s)
for all serial digital video interfaces. The reader is cautioned
to be aware that ancillary data should be placed taking into
account the switching point.

9.4 Ancillary data packets may be conveyed
across each of the three R, G', and B’ channels,
or across each of the three Y’, C's/C'rR channels.

9.5 Inthe case of 10-bit representation, intervals
not used to convey SAV, video data, EAV, ancil-
lary signals, or ancillary data shall convey the
codeword 64 (black) inthe R', G',B',Y' channels,
or 512 in the C's/C'r channels. They shall be 16
and 128, respectively, in the case of 8-bit repre-
sentation.
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9.6 For specifications of the details of ancillary
data, see SMPTE 291M.

10 Bit-parallel interface

The electrical and mechanical parameters of the
bit-parallel interface are specified in clauses 10, 11, 12,
and 13 of SMPTE 274M, which are incorporated
by reference. It is anticipated that in future revisions
of SMPTE 274M that auxiliary component A will be
eliminated.

—
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11 Analog sync

11.1 Details of analog sync timing are shown in
figures 1, 3, and 5 and are summarized in table 5.

11.2 A positive zero-crossing of a trilevel sync
pulse shall define the O4 datum for each line. A
negative-going transition precedes this instant
by 40 reference clock intervals, and another
negative-going transition follows this instant by
40 reference clock intervals.

3
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Figure 5 — Analog levels and timing
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Table 5 — Analog sync timing
(Systems 1 - 8)

Duration Tolerance
(M (M
a See figure 5 40 +3
. -6
b See figure 5 1540 +0
c See figure 5 40 +3
. -0
d See figure 5 260 +6
e See figure 5 260 -0
+6
. -6
f See figure 5 1540 +0
Sync rise and
fall time 4 +1.5
g Total line Table 2'C’
L 12
Active line 1280 +0

11.3 Positive transition of a trilevel sync pulse
shall be skew-symmetric with a rise time from
10% to 90% of 4 + 1.5 reference clock periods.
The 50% (midpoint) point of each negative tran-
sition shall be coincident with its ideal time
within a tolerance of + 3 reference clock periods.

11.4 The trilevel sync pulse shall have structure
and timing according to figures 3 and 5. The
positive peak of the trilevel sync pulse shall have
a level of +300 mV + 6 mV; its negative peak
shall have a level of =300 mV = 6 mV. The
amplitude difference between positive and nega-
tive sync peaks shall be less than 6 mV.

11.5 Each line thatincludes a vertical sync pulse
shall maintain blanking level, here denoted zero,
except for the interval(s) occupied by sync
pulses. During the horizontal blanking interval,
areas not occupied by sync shall be maintained
at blanking level, here denoted zero.
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11.6 Each frame shall commence with five verti-
cal sync lines, each having a broad pulse. The
leading 50% point of a broad pulse shall be 260T
after the preceding trilevel zero crossing. The
trailing 50% point of a broad pulse shall be
1540T after the preceding trilevel zero crossing.

12 Analog interface

NOTE — This clause applies to all frame rates in table 1.
However, direct analog interconnection of slow-rate sys-
tems (30 Hz and below) is not preferred, except for synchro-
nizing signals.

12.1 An analog interface according to this stand-
ard may employ either the R'G'B’ component set
or the Y'P'gP'rR component set.

12.2 R'G'B’ and Y' channels shall have a nomi-
nal bandwidth of 30 MHz.

12.3 Each component signal shall be conveyed
electrically as a voltage on an unbalanced coaxial
cable into a pure resistive impedance of 75 Q.

12.4 For the Y', R', G', and B’ components, ref-
erence black (zero) in the expressions of 5.5
shall correspond to a level of 0 Vdc, and refer-
ence white (unity) shall correspond to 700 mV.

12,5 P'g and P'r components are analog ver-
sions of the C'g and C'r components of 5.6, in
which zero shall correspond to a level of 0 Vdc
and reference peak level (value 0.5 of equations
in 5.6) shall correspond to a level of +350 mV.

12.6 Trilevel sync according to clause 11 shall
be added to each analog component.

12.7 Each of the electrical signals in an analog
interface employs a connector that shall conform
to IEC 60169-8, with the exception that the
impedance of the connector may be 75 Q, or to
SMPTE RP 160.
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Annex A (informative)
Production aperture

A.1 Production aperture

A production aperture for the studio digital signal defines an
active picture area of 1280 pixels x 720 lines as produced
by signal sources such as cameras, telecines, digital video
tape recorders, and computer-generated pictures conform-
ing to this standard.

A.2 Analog blanking tolerance

A.2.1 The duration of the maximum active analog video signal
measured at the 50% points is standardized as 1280 clock
periods. However, the analog blanking period may differ from
equipment to equipment and the digital blanking may not
coincide with the analog blanking in actual implementation.

A.2.2 To maximize the active video duration in picture origi-
nation sources, itis desirable to have analog blanking match
digital blanking. However, recognizing the need for reason-
able tolerance in implementation, analog blanking may be
wider than digital blanking (see figures 3 and 5).

A.2.3 Toaccommodate a practical implementation of analog
blanking within various studio equipment, a tolerance of six
clock periods is provided at the start and end of active video.
Accordingly, the analog tolerance to parameters b and e of
table 5 are as follows:

Nominal Tolerance
Parameter Definition value (T) (T)
b OH to end of -6
active video 1540 +0
e OH to start of -0
active video 260 +6

Preferred practice is to provide a full production aperture signal
at the output of an analog source prior to first digitization, reserv-
ing the tolerance for possible subsequent analog processes.

A.2.4 The relationship of the associated analog repre-
sentation (inclusive of this tolerance) with the production
aperture is shown in figure 5.

A.3 Transient regions

A.3.1 This standard defines a picture aspect ratio of
16:9 with 1280 pixels per active line and 720 active lines
per frame. However, digital processing and associated
spatial filtering can produce various forms of transient
effects at picture blanking edges and within adjacent
active video that should be taken into account to allow
practical implementation of the studio standard.

A.3.2 Analog transients. The following factors contribute to
these effects:

— Bandwidth limitation of component analog signals (most
noticeably, the ringing on color-difference signals);

— Analog filter implementation;
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— Amplitude clipping of analog signals due to the finite
dynamic range imposed by the quantization process;

— Use of digital blanking in repeated analog-digital-analog
conversions; and

— Tolerance in analog blanking.
A.4 Clean aperture

A.4.1 The bandwidth limitation of an analog signal (pre- and post-
filtering) can introduce transient ringing effects which intrude
into the active picture area. Also, multiple digital blanking
operations in an analog-digital-analog environment can in-
crease transient ringing effects. Furthermore, cascaded
spatial filtering and/or techniques for handling the horizontal and
vertical edges of the picture (associated with complex digital
processing in post-production) can introduce transient dis-
turbances at the picture boundaries, both horizontally and
vertically. It is not possible to impose any bounds on the
number of cascaded processes which might be encountered
in the practical post-production system. Hence, recognizing
the reality of those picture edge transient effects, the defini-
tion of a system design guideline is introduced in the form
of a subjectively artifact-free area, called clean aperture.

A.4.2 The clean aperture defines an area within which
picture information is subjectively uncontaminated by all
edge transient distortions. In order to minimize the effects
on subsequent compression or transmission processes, the
contaminated area should be confined within 16 pixels and
9 lines of the production aperture edges.

A.4.3 The clean aperture of the picture defines a region
1248 samples in width by 702 lines high, symmetrically
located in the production aperture. The clean aperture
shall be substantially free from transient effects due to
blanking and picture processing. An encroachment of 6
samples maximum on each of the left and right edges of
the production aperture is allowed for horizonal blanking
errors generated by analog processing. Vertical blanking
shall be as specified with zero tolerance.

A.4.4 Thisyields a minimum clean aperture of 1248 horizontal
active pixels by 702 active lines whose quality is guaranteed
for final release. The clean aperture lies within the produc-
tion aperture as shown in figure A.1.

A.45 It is good practice to minimize variations in analog
blanking and to use techniques in digital processing that
minimize or prevent transients in the allowed contaminated
area as well as inside the clean aperture.
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Figure A.1 — Clean aperture
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Annex B (informative)
Pre- and post-filtering characteristics

B.1 Figure B.1 depicts example filter characteristics for pre-
and post-filtering of Y', R’, G', and B' component signals.
Figure B.2 depicts example filter characteristics for pre-
and post-filtering of P's and P'r component signals.

i~
o
o
i

©

Relative to th

B.2 The passband frequency of the component Y', R', G’,
and B’ signals is nominally 30 MHz.

B.3 The value of the amplitude ripple tolerance in the
passband is + 0.05 dB relative to the insertion loss at 100
kHz.
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Figure B.1 — Example filter template for Y' and R'G'B’' components
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0 0.14fs 0.20 fs

Template for passband group-delay

Figure B.2 — Example filter template for P's and P'r components

B.4 The insertion loss characteristics of the filters are B.5 The specifications for group-delay in the filters are suf-
frequency-scaled from the characteristics of ITU-R ficiently tight to produce good performance while allowing
BT.601. Insertion loss is 12 dB or more at half the the practical implementation of the filters.

sampling frequency of the Y', R’, G', and B' components,
and 6 dB or more at half the sampling frequency of the P's
and P'r components relative to the insertion loss at 100 kHz.
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Annex C (informative)
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