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1 Scope

This standard defines the encoding process of the HD-D5 video compression and its data format for the
1080/59.94i, 50i, 25p, 24p, 23.98p system (hereafter referred to as the 1080 system) and the 720/59.94p
system (hereafter referred to as the 720 system).

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions of this
standard. At the time of publication, the editions indicated were valid. All standards are subject to revision,
and parties to agreements based on this standard are encouraged to investigate the possibility of applying the
most recent edition of the standards indicated below:

SMPTE 274M-2003, Television — 1920 x 1080 Sample Structure, Digital Representation and Digital Timing
Reference Sequences for Multiple Picture Rates

SMPTE 296M-2001, Television — 1280 x 720 Progressive Image Sample Structure — Analog and Digital
Representation and Analog Interface

3 Acronyms

BUF Buffer memory

C Color-difference signal

C3RMB Compressed data of 3 RMBs

C(t, u) The value of the DCT coefficient at frequency (t, u)

Cg/Cr Color-difference signal

CCo~cCcC2 Categories for C DCT block

Ccoef() CDCTCG

CG Coefficient Group

CGNR CG number of one Y/C DCT coefficient block in one RMB

CGNS CG number of one Y/C DCT coefficient block in one SMB

CN C3RMB number in one RMBG

CRcoef( ) Rearranged C DCT CG

CS C DCT block number in one SMB

CY0 ~CY3 Categories for Y DCT block

DCT Discrete cosine transform

DIF Digital interface

DIF(n) DIF block numbered n
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DN

EOB

EOM
exnor

f()

FCB

FCB’

FCR

FCR’

FFL

FMB

FMB’
FYa~FYd
FYa' ~ FYd
H

HR

HS
IDCT
int (A)
LEN
MB
mod
N.A.
Offset( )
P(r, s)
Qno
Qstep

r

Rg
RMB
RMBG
Rn

s

SA
SABM
Sg
SMB
SMBG

t
TableCY0 ~ 3
TableCCO ~ 2
u

\Y

VLC
VR

VS

W(t, u)
Y
Ya~Yd
Ycoef( )
YR
YRcoef( )
YS

z

DIF block number

End of block code

End of 3 RMBs code

Logical exclusive nor

Offset value table for SMBG distribution

Category flag of Cg DCT block

Category flag of Cg DCT block

Category flag of Cg DCT block

Category flag of Cx DCT

Field number flag

Category flag of the MB

Category flag of the MB

Category flags of the four DCT blocks (Ya ~ Yd) of the MB

Category flags of the four DCT blocks (Ya ~ Yd) of the MB

The horizontal SMB position number in one video field (1080 system) or one video frame (720
system)

The column position number of RMB

The column position number of SMB in one SMBG

Inverse discrete cosine transform

Integer part of A

The byte length of C3RMB

Macro block

Modulus operator

Not applicable

Offset value for RMB shuffling

The value of the pixel at the position (r, s) in Y/C DCT block

Quantization number

Quantization step value

The horizontal pixel position number in Y/C DCT block

The RMBG number within the RMBs

Rearranged macro block

Rearranged macro block group

The number of RMB coding order in each RMBG

The vertical pixel position number in Y/C DCT block

The starting address of the remainder data in buffer memory

One byte data of SA (two bytes)

The SMBG number in one video field (1080 system) or one video frame (720 system)

Super macro block

Super macro block group

The horizontal frequency number in Y/C DCT coefficient block

Set up value tables for Y weighting function

Set up value tables for C weighting function

The vertical frequency number in Y/C DCT coefficient block

The vertical position number of SMB in one video field (1080 system) or one video frame (720
system)

Variable length coding

The row position number of RMB

The row position number of SMB in one SMBG

Weighting value at frequency (t, u)

Luminance signal

Four Y DCT blocks in one MB

Y DCT CG

The Y DCT coefficient block number in one RMB

Rearranged Y DCT CG

The Y DCT block number in one SMB

The row position number of the RMB after RMB shuffling
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ZRL Code of 15 successive zero coefficients followed by a coefficient of zero amplitude
4 Video processing
4.1 Overview

Luminance (Y) and color-difference components (Cg and Cg) are derived from the following HD video signals:

1080 line / 59.94 Hz field frequency interlace system (1080/59.94i)

720 line / 59.94 Hz frame frequency progressive system (720/59.94p)
1080 line / 50 Hz field frequency interlace system (1080/50i)

1080 line / 25 Hz frame frequency progressive system (1080/25p)

1080 line / 24 Hz frame frequency progressive system (1080/24p)

1080 line / 23.98 Hz frame frequency progressive system (1080/23.98p)

In the case of a 1080/23.98p, 24p, and 25p system, a single progressive frame is separated into two signals
(separated fields) that are mapped into a space corresponding to fields in similar way as an interlace system
(see annex B). The two separated fields of the 1080/23.98p, 24p and 25p are then processed as two separate
fields at field frequencies of 47.96Hz, 48Hz and 50Hz.

NOTE - Expression field in this standard is used interchangeably for fields from an interlaced signal format or for fields
that that were created by splitting the progressive frame of a 1080 system into two separated fields.

The time delay of the encoding system is equal to a single frame time for all frame frequencies except 720
system, where it is equal two progressive frame time. (24p — 41.67msec; 23.98p — 41.71msec; 25p / 50i —
40msec; 59.94i / p — 33.37msec). Indicated delay excludes minor processing delays of the actual signal
encoder (compressor) circuitry.

After discarding samples in vertical and horizontal blanking periods, active video samples are divided into four
super macro block groups (SMBG) per each field in interlaced system or per each separated field in
progressive system. Each SMBG consists of 1080 super macro blocks (SMB).

Each SMB consists of two MBs. Each MB consists of four luminance DCT blocks (8 x 4 pixel matrix) and one
each of Cg DCT block (8 x 8 pixel matrix) and Cg DCT block (8 x 8 pixel matrix).

As described later, two horizontally adjacent luminance DCT blocks are overlapped by one pixel column at
their junction. Two horizontally adjacent chrominance DCT blocks are overlapped by one pixel column at their
junction when they are formed into an SMB.

Each DCT block is transformed to represent DC and AC coefficients. Coefficients are weighted through the
prearranged categories prior to shuffling, then formed into rearranged MBs (RMB).

DCT coefficients within one rearranged MB group (RMBG) are quantized, and made into a fixed length data
set through VLC.

The VLC output code words from one RMBG are formed into 360 DIF blocks.
The compressed video data for one 1080 field or one 720 frame consist of 5760 DIF blocks.

The block diagram of the outline about compression processing is shown in figure 1.
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DIF blocks

Base band
Video Signal
Block SMBG A CG RMB - )
1080: | formation [~ | Distribution DCT Weighting > Shuffling Shuffling >{ Quantizationr>{ VLC Packing —>
720p

Categorization

J

T

Rate

Control

Figure 1 — Block diagram of outline about compression processing

4.2 Video signal

4.2.1 Sampling process

The sampling structure is defined in SMPTE 274M and SMPTE 296M. Sampling structures of the luminance

(Y) and the two color-difference signals (Cg/CR) are described in table 1.

4.2.1.1 Line structure in one field (1080 system) or frame (720 system)

For the 1080 system, 540 lines for Y, Cg, and Cg signals from each field (interlaced or separated) shall be
transmitted. In the case of the separated field, the line number is counted as shown in figure 2. For the 720
system, 720 lines for Y, Cg, and Cg signals from each frame shall be transmitted. The transmitting lines on a

television frame are defined

in table 1.

Table 1 — Construction of video signal sampling

1080 system 720 system
The number of active Y 1920 1280
pixels per line Cs/Cr 960 640
Total number of lines per frame 1125 750
The number of active lines per frame 1080 720
Field 1 21 to 560
The active line numbers Frame 26 to 745
Field 2 584 to 1123

Quantization

Each sample is linearly quantized to 10 bits for Y, Cg and Cr

The relation between
video signal level and
quantized level

Scale 4t0 1019
Quantized level : 877
Y Video signal level of white : 940
Video signal level of black : 64
Cu/C Quantized level : 897
BIVR Video signal level of gray : 512

4.2.1.2 Pixel structure in one field (1080) / in one frame (720p)

— 1080 system: All sampled pixels, 1920 luminance pixels per line and 960 color-difference pixels, are
retained for processing as shown in figure 2. The sampling process starts simultaneously for both luminance

and color-difference signals.
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— 720 system: All sampled pixels, 1280 luminance pixels per line and 640 color-difference pixels, are retained
for processing as shown in figure 3. Sampling processes start simultaneously for both luminance and color-
difference signals.

M 1.001 / 74.25MHz
1 2 3 4 5 6 7 8 ----- [Y pixel numbers in active area]
1
1

0 4 8
0 2 N [Cg/Cg pixel numbers in active area]
1 1 1

E ! : [the active line numbers]
! }g{ ! gg{ line 21
K- 3F K- -~ line 584

1 1 1

1 1 1
First active line in field 1 > —3F—SE IS
First active line in field 2 > - - -]~ X 3§ - - 3 - -
1

%
&
wzxzexwws s

T_

First pixel in active period where X : Transmitting luminance (Y) pixels

QO : Transmitting color difference (Cg/Cg) pixels

Figure 2 — Transmitting samples of 1080 system

m 1.001/74.25MHz

4 5 6 7 8 ----- [Y pixel numbers in active areal)
2
1

8
4 - [Cy/Ck pixel numbers in active area]
1 1 1 1 1 1 1 . .
! ; ; . ; ; . ; [the active line numbers]
First active line in a frame > —Zgg ' }82 ! }8{ ! ! }8{ ! ;8{ line 26
IR SK RS KIR KR e 27
— KRR HKIREHKAE— line 28
1 I 1 I 1 I 1 I 1 I 1
—REAHK IR AHK IR AHK KK line 20
! ! ! ! ! ! ! ! ! ! !
! ! ! ! ! ! ! ! ! ! !
1 1 U U U
RO
1 1 1 1 1
KKK
1 1 1 1 1 1 1 1 1 1

r

i
First pixel in active period where X : Transmitting luminance (Y) pixels

QO : Transmitting color difference (Cg/Cg) pixels

Figure 3 — Transmitting samples of 720 system
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4.3 Block formation

4.3.1 DCT block, macro block (MB), and super macro block (SMB)

4.3.1.1 DCT block

The Y pixels in a field (1080 system) and in a frame (720 system) shall be divided into rectangular areas of 15
horizontal pixels and 4 lines. Two Y DCT blocks (one Y DCT block pair) are made from each one of the
rectangular areas as shown in figure 4. In each Y DCT block pair, the rightmost pixel in the left DCT block is
overlapped with the leftmost pixel in the right DCT block (overlapped blocking).

The Cg/Ck pixels in a field (1080) and in a frame (720) shall be divided into rectangular areas of 15 horizontal
pixels and 8 lines. Two C DCT blocks (one C DCT block pair) are made from each one of the rectangular
areas as shown in figure 5. In each C DCT block pair, the rightmost pixel in the left block is overlapped with
the leftmost pixel in the right block (overlapped blocking).

Overlapped blocking is used for the robustness of error (see annex A).

Let r be the horizontal pixel position number in Y/C DCT block:
r=0,1,2,.,7.

Let s be the vertical pixel position number in Y/C DCT block:
For Y block,s=0,1,2,3
For C block,s=0,1, 2, ..., 7.

Let P(r,s) be the value of the pixel at the position (r, s).

4.3.1.2 Macro block (MB)

Each macro block (MB) in the 1080 system and the 720 system consists of two Y DCT block pairs, one Cg
DCT block and one Cr DCT block. Two Y DCT block pairs are vertically adjacent. The Cg DCT block and Cg
DCT block spatially correspond to the two Y DCT block pairs. Four Y DCT blocks (Ya, Yb, Yc, Yd), one Cg
DCT block, and one Cr DCT block are shown in figure 6.

4.3.1.3 Super macro block (SMB)

As shown in figure 7, each super macro block (SMB) in the 1080 system and the 720 system consists of two
macro blocks which are horizontally adjacent.

Two C DCT blocks of Cg/Cr in one super macro block are one C DCT block pair of Cg/Ck.

Let YS be the Y DCT block number in each SMB as shown in figure 7:
Ys=0,1,2,..7.

Let CS be the C DCT block number in each SMB as shown in figure 7:
Cs=0,1.
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v overlap

Left Right
TOP ISR X X X XXX XXX X XX
KKRKAXXXKXK PR XXX KX
KKK PLPXKHKXXXK XK
Bottom [ XX XX XX XXX XXX XX
‘01 23 456 77 “01 23456 7"
' 0 [XXXXX XXX X 0 XXX KK XXX
s TPEOXXXXAKXK] g 1] XXXAXXXXX
2 X XXX XX K] 2 XXX X XXX X
BIXAXXAXK XXX X B|XX XXX XXX
Left DCT Block Right DCT Block
- ~ /

Y DCT Block Pair

where >< represents luminance (Y) pixels

Figure 4 — Overlapped blocking of luminance (Y) pixels
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— ~ _

C DCT Block Pair where O represents color difference (C/Cyg) pixels

Figure 5 — Overlapped blocking of color-difference Cg/Crg pixels
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15 pixels (Y)
— N
8 pixels (Y) g pixels (v)
N —

4 Ya Yc
pixels
pixels
Yb Yd
8
pixels
Cs (Ce/Cr)
CR
N J

8 pixels (Cy/Cg)

Figure 6 — Macro block structure in 1080 system and in 720 system

30 pixels (Y)
[ 15 pixels (Y) A
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pixels CR -
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CS=0 CS=1
CS=0 CS=1 )
N J J
8 pixels 8 pixels
15 pixels

Figure 7 — Super macro block structure in 1080 system and in 720 system

Page 8 of 41 pages



SMPTE 342M-2004

4.3.2 Super macro block arrangement
4.3.2.1 1080 system

The vertical field dimension, 540 pixels long, is not divisible into an integer by the vertical dimension of the
SMB, 8 pixels long.

In order to place all SMBs within the 1920 x 540 pixel matrix of the 1080 field, removal and attachment of half-
height SMBs are required as shown in figure 8.

1) Y pixels

— Pixels in four rectangular areas of the horizontal pixel position number from (480 x N) to (59 + 480 x N) and
from (360 + 480 x N) to (419 + 480 x N) in the active area and line position number from 536 to 539 in the
active area shall be moved horizontally 1020 pixel positions to the right, vertically 4 lines to the bottom (N = 0,

1).

— Pixels in two rectangular areas of the horizontal pixel position number from (240 + 480 x N) to (359 + 480 x
N) in the active area and line position number from 536 to 539 in the active area shall be moved horizontally
840 pixel positions to the right, vertically 4 lines to the bottom (N = 0, 1).

Pixels in four rectangular areas of the horizontal pixel position number from (960 + 480 x N) to (1019 + 480 x
N) and from (1320 + 480 x N) to (1379 + 480 x N) in the active area and line position number from 536 to 539
in the active area shall be moved horizontally 900 pixel positions to the left, vertically 4 lines to the bottom (N
=0,1).

— Pixels in two rectangular areas of the horizontal pixel position number from (1 200 + 480 x N) to (1 319 +
480 x N) in the active area and line position number from 536 to 539 in the active area shall be moved
horizontally 1080 pixel positions to the left, vertically 4 lines to the bottom (N =0, 1).

2) Cg/Ck pixels

Cg/Cr pixels occupy the positions held by the even numbered Y horizontal pixel numbers. The half height
SMB replacement operation, identical to the Y pixels as described above, is performed for Cg/Cr pixels.

The arrangement of the SMBs in one field is shown in figure 9. The same horizontal arrangement of 64 SMBs
is repeated with 67 SMBs in the vertical direction from the top, and there are 32 SMBs in the horizontal
direction at the bottom.

The number of SMBs in one field is 4320 as described below:

(vertical 67 SMBs xhorizontal 64 SMBs) + 32 SMBs = 4320 SMBs
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line position
number in
active area
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Figure 8 — Pixel arrangement for blocking of 1080 system
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0 —> H 64 SMBs 63
l [[JumE;
Vv 1 SMB
SMB | |
::T
66 N
67 LI

Figure 9 — Arrangement of SMBs in one field for 1080 system

4.3.2.2 720 system

As the first step of block formation, 160 dummy of Y pixels and 80 dummy of Cg/Cgr pixels are added as
rightmost pixels in each line. The value of dummy shall be 040h for Y and 200h for C.

The arrangement of SMBs in one frame for the 720 system is shown in figure 10. The same horizontal
arrangement of 48 SMBs is repeated with 90 SMBs in the vertical direction from top to bottom. The number of
SMBs in one frame is 4320 as described below:

vertical 90 SMBs x horizontal 48 SMBs = 4320 SMBs

o — > H 48 SMBs 47

l 0 ji\ /:mlJJJL
v 1SMB

90 ! Lo

SMBs | dummy ! |
89 3—17 i

Figure 10 — Arrangement of SMBs in one frame for 720 system
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4.4 SMBG distribution
4.4.1 1080 system
4320 SMBs in one field are divided into four SMBGs as shown in figure 11.

Let H be the horizontal position number of SMB within video field
H=0,1,2,..63.

Let V be the vertical position number of SMB within video field
v=01,2,..67.

Let HS be the column position number of SMB within one SMBG
HS=0,1,2,..5.

Let VS be the row position number of SMB within one SMBG
VS=0,1,2,..,179.

Let Sg be the SMBG number in one field
Sg=0,1,2,3.

The distribution method is described as follows:

\Y
H

=(int(VS/8))x3+int(((VSmod8)x6+HS)/16)
=((f(h,v)+((int(VS/8))-Sg)x8)mod32)x2+ ((int(VS/8))mod2)xnor( HSmod 2)
where v=int(((VSmod8)x6+HS)/16)
h=int((((VSmod8)x6+HS)mod16)/2)
xnor : exclusive nor

Value of f( h, v)

) hlt ol 12345 ]|6]7
0 T 1 210 192 /21] 15 14
1 5] 10| 9 | 11 |30 | 29 | 28 | 24
2 24 |25 | 5 ] 7 | 6 | 20| 19 | 18
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l is /
Vs |
180
SMBs

Sg=0 Sg=1 Sg=2 Sg=3

179

Figure 11 — SMBG distribution in 1080 system

4.4.2 720 system
4320 SMBs in one frame are divided into four SMBGs as shown in figure 12.

Let H be the horizontal position number of SMB within video frame
H=0,1,2,...,47.

Let V be the vertical position number of SMB within video frame
vV=01,2,..,89.

Let HS be the column position number of SMB within one SMBG
HS=0,1,2,..,5.

Let VS be the row position number of SMB within one SMBG
VS=0,1,2,..,179.

Let Sg be the SMBG number in one frame
Sg=0,1,2,3.

SMPTE 342M-2004

1 field
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The distribution method is described as follows:

V=int(VS/2)
H=(VSmod2)x24+((Sg+f((int(VS/2))mod4))mod4)x6+((HS-int(VS/2))mod6)

where f(0)=0,f(1)=1,f(2)=3,f(3)=2

l H 1 frame

1 SMB K///

90
SMBs |

89

6 SMBs
0o 5 1 SMBG
0 a1
H /
VS |
180 1 1 1 1 1 1 1

wn
<
vy)
)

Sg=0 Sg=1 Sg=2 Sg=3

179

Figure 12 — SMBG distribution in 720 system

45 DCT

The maximum excursion of all pixel value is changed to fall between —-511 and +511 by the subtraction of 512
from the original sampled value. 8 x 4 pixels P(r, s) of each Y DCT block and 8 x 8 pixels P(r, s) of each Cg/Cgr
DCT block are transformed into 8 x 4 Y DCT coefficients and 8 x 8 C DCT coefficients respectively.

Let t be the horizontal frequency number in Y/C DCT coefficient block as shown in figure 13.
t=0,1,2,...,7.

Let u be the vertical frequency number in Y/C DCT coefficient block
For Y DCT coefficient block, u=0,1,2,3
For C DCT coefficient block, u=0,1,2,...,7.
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Let C(t, u) be the value of the DCT coefficient at frequency ( t, u).

The coefficient of t =0 and u = 0 is called a DC coefficient.
Other coefficients are called AC coefficients.

4.5.1 DCT/IDCT for Y
DCT/IDCT for the Y signal are defined as shown below:

DCT :

3 7
C(t,u)=\/§xC1(t)xC2(u)s:ZOEO(P(r,s)xcos(T[u(23+1 )/8)xcos(Tmt(2r+1)/16))

IDCT :

7
Zt:(C1(t)xCZ(u)xC(t,u)xcos(nu(23+1 )/8)xcos(mt(2r+1)/16))

TM w

P(r,s)=(1/~2)

where C1()=1/24/2 fort=0
C1t)y=1/2 fort=1to7
Cu)=1/2 foru=0
C2(u)=1/+/2 foru=1to3

0

o

The structure of the Y DCT coefficient block is shown in figure 13 a). DCT coefficients C(t, u) of the Y DCT
coefficient block are divided into 6 DCT coefficient groups (CGs).

Let CGNS be the CG number as shown in figure 13 a)
CGNS =0,1, 2, 3,4, 5.

4.5.2 DCT/IDCT for C

DCT/IDCT for C (Cg/CR) signal are defined as shown below:

DCT:

C(t, u)=C3(t)xC4(ug=% 27 (P(r,s)xcos(mu(2s+1)/16 )xcos(mt(2r+1)/16))

r=0
IDCT :

P(r,s)=éoéo(c3(t)xC4(u)xC(t,u)xcos(TuJ(25+1)/16)xcos(nt(2r+1)/16))

where  C3(t)=1/22 fort=0
C3(t)=1/2 fort=1to7
Ca(u)=1/2/2 foru=0
C4(u)=1/2 foru=1to7

The structure of the C DCT coefficient block is shown in figure 13b). DCT coefficients C(t, u) of the C DCT
coefficient block are divided into 6 DCT coefficient groups (CGs).

Let CGNS be the CG number as shown in figure 13b)
CGNS =0,1,2,3,4,5.
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—> t —> t
01 2 3 4 5 6 7 01 2 3 4 5 6 7
l 0| DC l 0| DC
u 1 u 1
2 2
3 3
CGNS=0 1 2 3 4 5 4
5
6
7
CGNS=0 1 2 3 4 5
a) Y DCT coefficient block b) C DCT coefficient block

Figure 13 — Structure of DCT coefficient block

4.6 Categorization and weighting

Each MB is categorized into one of the categories and weighting is performed by multiplying all AC
coefficients of the subject MB by a weighting function W(t, u) selected by the category. The DC coefficient is
not weighted.

There are four categories (CY0, CY1, CY2, CY3) for the Y DCT block, and three categories (CC0, CC1, CC2)
for the Cg/Cr DCT block. Each category has its own weighting function. The weighting functions are
selectively used to optimize the data compression process by categorization.

4.6.1 Categorization

MB categorization is identified by category flags of FMB, FYa, FYb, FYc, FYd, FCB, and FCR. FYa, FYb,
FYc, and FYd correspond to the Y DCT blocks of Ya, Yb, Yc, Yd in figure 6, respectively. If the value of the
quantized DC coefficient (255, ..., 0, ..., 255, decimal) of Cg DCT block is less than 24, then FCB is set to 0,
else FCB is set to 1. If the value of the quantized DC coefficient (-255, ..., 0, ..., 255) of the Cg DCT block is
less than 44, then FCR is set to 0, else FCR is set to 1.

Categories of CY0, CY1, CY2,and CY3 for the Y signal and categories of CCO and CC1 for the C signal are
expressed by the flags as shown in tables 2 to 4.

Table 2 — Categorization of Y signal

Flag
FMB gi E}(g’ FCB FCR Category
1 - - - CY0
0 1 - - cY1
0 0 1 - cY2
0 0 - 1 cY2
0 0 0 0 cvY3

where - : arbitrary

Page 16 of 41 pages



SMPTE 342M-2004

Table 3 — Categorization of Cg signal

Flag Category
FMB FCB
1 - cco
0 CC1
0 CcC2

where - : arbitrary

Table 4 — Categorization of Cy signal

Flag Category
FMB FCR
1 - cco
0 CC1
0 CcC2

where - : arbitrary

4.6.2 Weighting
Weighting function W( t, u ) in each category is defined below:

4.6.2.1Y signal
— Category CYO

W(t,u)=TableCYO(t, u)xcos(0.0457t) x cos( 0.060Tu )/\/E (see table 5)

Table 5 — Table CYO(t, u)

0 1 2 3 4 5 6 7
- 0.25 | 0.25 [ 0.125 ] 0.125| 0.125 | 0.125 | 0.125
0.25 | 0.25 | 0.25 | 0.125 | 0.125 | 0.125 [0.0625| 0.0625
0.25 | 0.25 | 0.125 | 0.125 | 0.125 |0.0625|0.0625| 0.0625
0.125 | 0.125 | 0.125 | 0.125 | 0.125 [0.0625|0.0625| 0.0625
where -: N.A.
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— Category CY1

W(t,u)=TableCY1(t, u)xcos(0.0451t ) x cos( 0.05851u )/\/5 (see table 6)

Table 6 — Table CY1(t, u)

0 1 2 3 4 5 6 7

0 - 05 | 05 [1A2 | 1A2 | 1N2 | 1A2 | 1A2

1 05 | 05 | 05 [1A2 | 1A2 | 1A2 | 1A2 | 1A2

2 05 | 05 [1A2 | 1A2 | 1N2 | 1A2 | 1R[2 | 1A2

3 12 | 1A[2 | 1A[2 | 1A2 | 1R[2 | 1A[2 | 1A[2 | 1A[2

where -:N.A.
— Category CY2

W(t,u)=TableCY2(t, u)xcos(0.0457t ) x cos( 0.0585Tu )/\/§ (see table 7)

Table 7 — Table CY2(t, u)

N 0 1 2 3 4 5 6 7
0 - 1 1 | o5 | 05|05 | 05| 05
1 1 1 | o5 | 05|05 | 05| 05| 05
2 1 | o5 | 05| 05| 05| 05| 05| 05
3 |05 | 05| 05| 05| 05| 05| 05]| 05

where -: N.A.

— Category CY3

W(t,u)=TableCY3(t, u)xcos(0.0457t ) x cos( 0.0585Tu )/\/§ (see table 8)

Table 8 — Table CY3(t, u)

u 0 1 2 3 4 5 6 7
0 - 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

where -: N.A.
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4.6.2.2 Cp/Cpg signal

— Category CCO

W(t, u ) = Table CCO(t,u) x cos (0.0651t) x cos (0.0651u) (see table 9).

Table 9 — Table CCO(t, u)

| o 1 2 3 4 5 6 7
0 - | 025 | 025 |0125|0.125 | 0.125 | 0.125 | 0.125
1 0.25 | 0.25 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 |0.0625
2 0.25 | 0.125 | 0.125 | 0.125 | 0.125 | 0.125 |0.0625|0.0625
3 |0.125|0.125 | 0.125 | 0.125 | 0.125 |0.0625|0.0625 | 0.0625
4 |0.125|0.125 | 0.125 | 0.125 |0.0625|0.0625 |0.0625 |0.0625
5 |0.125 | 0.125 | 0.125 |0.0625 |0.0625|0.0625|0.0625 | 0.0625
6 | 0.125 | 0.125 |0.0625|0.0625|0.0625|0.0625|0.0625 |0.0625
7 | 0.125 |0.0625|0.0625|0.0625 | 0.0625|0.0625 |0.0625 | 0.0625

where -: N.A.
— Category CC1
W(t, u ) = Table CC1(t,u) x cos (0.0651t) x cos (0.0651u) (see table 10).
Table 10 — Table CC1(t, u)

N 1 2 3 4 5 6 7
0 - 1 1 [ 1A2 | 1R2 | 1N2 | 1R2 | 1R/2
1 1 1 1K2 | 1K2 | 1R2 | 1A[2 | 1A[2 | 1A[2
2 1 |12 | 1R2 | 12 | 1R2 | 1N2 | 1R2 | 1R[2
3 1K2 | 1R2 | 1R2 | 1R2 | 1R[2 | 1R[2 | 1R[2 | 1R[2
4 12 | 1R2 | 1R2 | 1K2 | 1R2 | 1A[2 | 1A[2 | 1A[2
5 1K2 | 1R2 | 1R2 | 1R2 | 1R[2 | 1R[2 | 1R[2 | 1R[2
6 1K2 | 1R2 | 1R2 | 1R2 | 1R[2 | 1R[2 | 1R[2 | 1R[2
7 12 | 1R2 | 1R2 | 1K2 | 1R2 | 1A[2 | 1A[2 | 1A[2

where -: N.A.

SMPTE 342M-2004
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— Category CC2

W(t, u ) = Table CC2(t,u) x cos (0.0651t) x cos (0.0651u) (see table 11).

Table 11 — Table CC2(t, u)

u 0 1 2 3 4 5 6 7
0 - 0.5 0.5 0.5 0.5 0.5 0.5 0.5
1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

2 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

4 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

6 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5

7 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
where -: N.A.

4.7 CG shuffling

In order to improve data robustness against error, weighted DCT CGs are shuffled within the same CGNSs of
the 6 SMBs to 12 RMBs as shown in figures 14 and 15. Each RMB comprises 4 Y shuffled DCT coefficient
blocks, one shuffled Cg DCT coefficient block, and one shuffled Cg DCT coefficient block.

Let Ycoef (HS, VS, YS, CGNS) be the DCT CG which is referred by CGNS, YS, VS, and HS.

Let HR be the column position number of RMB
HR=0,1,2, .., 11.

Let VR be the row position number of RMB
VR=0,1,2,..,179.

Let YR be the Y DCT coefficient block number within one RMB
YR=0,1, 2, 3.

Let CGNR be the DCT CG number of one Y DCT coefficient block or one Cg/Cr DCT coefficient block within
one RMB

CGNR=0,1,2, ..., 5.
Let YRcoef ( HR, VR, YR, CGNR ) be the DCT CG which is referred by CGNR, YR, VR, and HR.

The shuffling method of Y DCT CGs is described in the following equations:

Page 20 of 41 pages



SMPTE 342M-2004

ForHR=0to 5

YRcoef( HR, VR, YR, CGNR ) = Ycoef ( ( CGNR - HR - int (VR / 32 ) ) mod 6,
VR, YR +4 xint ((( CGNR - HR ) mod 6 )/ 3 ), CGNR )

For HR =6 to 11

YRcoef ( HR, VR, YR, CGNR ) = Ycoef ( (1 - ( CGNR + HR +int (VR /32)) ) mod 6, VR,
YR +4xint(((4-(CGNR+HR))mod6)/3), CGNR)

Let Ccoef ( HS, VS, CS, CGNS ) be the DCT CG which is referred by CGNS, CS, VS, and HS.
Let CRcoef ( HR, VR, CGNR ) be the DCT CG which is referred by CGNR, VR, and HR.
The shuffling method of Cg/Cr DCT CGs is described in the following equations:
ForHR=0to 5
CRcoef ( HR, VR, CGNR ) = Ccoef (( CGNR - HR-int (VR /32 ) ) mod 6, VR,
int(((CGNR-HR)mod6)/3), CGNR)
ForHR =6 to 11

CRcoef ( HR, VR, CGNR ) = Ccoef ((1-(CGNR+HR +int (VR/32))) mod 6, VR,
int((4-(CGNR+HR)mod6)/3), CGNR)
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1 SMB (8 Y DCT blocks)

YS=0| |YS=4 | YS=6| |YS=2

YS=1| |YS=5|YS=7| |[YS=3

DCT
—Hs — HR
0|1|2 3| 4|5| *01234567891011
l 0 l 0
VS VR
- 1f--
21 21
- 180
I~ RMBs
) 1180 | |
| Suss i
1 SMBG
179 179
6SMBs —MMM > 12RMBS ——m———>
1 SMB (8 Y DCT coefficient blocks) 1 RMB (4 Y DCT coefficient blocks)
YS=0[{YS=4 YR=0
YS=1{YS=5 YR =1
YS=2{YS=6 YR =2
YS=3]YS=7 YR=3
1Y DCT coefficient block 1Y DCT coefficient block
—> CGNS 5 —> CGNR 5
0 1 2 3 4 —"— 0 1 2 3 4 —"—
DC DC
4 4
coef. coef.

<— 8coef. ——>
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1 SMB (2 C DCT blocks)

CS=0 CcS=1
DCT
s — HR
0|1|2 3| 4|5| *01234567891011
ol I 1l L 0
1 l 1
2 VR 2
13 3
VS "
i . 180
I~ : RMBs
3 1180 : :
H ' SMBs ! i
g 1SMBG | ' '
179 ‘ 179
6SMBs —MMMM > 12RMBs —M >
1 SMB (2 C DCT coefficient blocks) 1 RMB (1 C DCT coefficient block)
CS=0]|Cs=1
1 C DCT coefficient block 1 C DCT coefficient block
—> CGNS 5 —> CGNR 5
0 1 2 3 4 0 1 2 3 4
DC DC
8 8
coef. coef.
<—— 8coef. ——> <«—— 8coef. ——>

Figure 15 — CG shuffling for C
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4.8 RMB shuffling

In order to improve data robustness against error, RMBs are shuffled within the column of 180 RMBs as
shown in figure 16.

Let Z be the row position number of the RMB after RMB shuffling.
Z=0,1,2,..,179.

The method of RMB shuffling is described in the following equations:
Z=(17x(VR- Offset(HR ) ) ) mod 180

where value of Offset( HR )

HR Offset( HR )
0
165
150
135
120
105
90
75
60
45
30
15

23|e|x|(N|o|o| s |w|nv|=|o

Then, the RMBs corresponding to one SMBG are divided into 4 RMB Groups (RMBGSs). There are 540 RMBs
in each RMBG.

Let Rg be the RMBG number within the RMBs as shown in figure 16
Rg=0,1,2,3.

Let Rn be the number of RMB coding order in each RMBG
Rn=0,1,2, .., 539.

The dividing method is described in the next equations:

Rg = HR mod 4
Rn=Z+180xint(HR/4)
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— HR

9 10 11

8

12 RMBs

11

HR=3

HR=2 10

HR=1 5

8

4

HR=0

Y

180

RMBs

180360

181361

182|362

183]363

184|364

0

1

2

3

4

179|359|539

180|360

181361

182|362

183]363

184|364

0

1

2

3

4

179|359|539

180|360

181|361

182|362

183]363

184|364

0

1

2

3

4

179|359|539

»

180360

181|361

182|362

183]363

184|364

0

1

2

3

4

179|359|539

z

Rn

Figure 16 — RMB shuffling
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4.9 Quantization

AC coefficient quantization step values (Q step) are related to the quantization number (Qno) through a
relationship as shown below:

QStep =2 (Qnox6/127+1)

where Qno =0, 1, 2,..., 127

Weighted AC coefficients are divided by Q step to be rounded into a signed value of 12 bits. The Q step for
the DC coefficient is always 16. The DC coefficient is rounded into a signed integer value of 9 bits by
quantization.

4.10 Rate control

The amount of the compressed data of one RMBG shall be controlled to 30240 bytes or less. Qno is
selected every three successive RMBs which are defined in 4.12.1.

4.11 VLC

Variable length coding (VLC) is an operation for transforming quantized AC coefficients in a DCT coefficient
block into variable length codes using two-dimensional Huffman coding. One or some successive AC
coefficients within a DCT coefficient block are coded into one variable length. The variable length coding
process is as follows:

1) AC coefficients in a DCT coefficient block are arranged in order of AC coefficient numberi (i = 1 to 31 (Y),
63 (CB/CR)) as shown in figure 17.

2) Each nonzero AC coefficient in the arranged AC coefficients is represented by the combination of size and
level-codeword as shown in table 12. The j-th nonzero AC coefficient is expressed as follows:

(Size(j), level-codeword(j)), where j=1, 2, ...

3) Zero-run(j) gives the number of successive AC coefficients quantized to zero between (j-1)th nonzero AC
coefficient and j-th nonzero AC coefficient.

The composite value of zero-run(j) / size(j) is Huffman coded to be the run_size-codeword(j) according to
table 13.

4) Each run_size-codeword(j) is followed by level-codeword(j) to be one VLC codeword.

Since the number of successive zero coefficients may exceed 15, the codeword of ZRL (111111101100,
shown in table 13) is defined to represent 15 successive zero coefficients followed by a coefficient of zero
amplitude (zero-run / size = 15/ 0).

The codeword of EOB (1010, shown in table 13) is used to signal that all remaining AC coefficients in a DCT
coefficient block are zero. If the AC coefficient numbered 31(Y), 63 (CB/CR) in a DCT coefficient block is not
zero, the EOB codeword is bypassed.

EOM (11111111111111111, shown in table 13) codeword is used to terminate the VLC coding of 3 RMBs
compulsorily.
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—> horizontal frequency number

i [DC] 4 8 12 16 20 24 28
vertical 1 5 9 13 17 21 25 29
frequency ™ 6 10 14 18 22 26 30
number
3 7 1" 15 19 23 27 31
a) Y DCT coefficient block
—> horizontal frequency number
L [DC] 16 24 32 40 48 56
vertical 1 9 17 25 33 41 49 57
frequency ™ 10 18 26 34 42 50 58
number
3 11 19 27 35 43 51 59
4 12 20 28 36 44 52 60
5 13 21 29 37 45 53 61
6 14 22 30 38 46 54 62
7 15 23 31 39 47 55 63

b) C DCT coefficient block

Figure 17 — Order of VLC coding

Table 12 — Codewords for variable length coding (1)

SMPTE 342M-2004

Coefficient

Level-codeword

(signed 12 bits) Size (0 bit - 11 bits)
0 0 -
A, 1 1 0,1
3,2,2,3 2 00, 01, 10, 11
T, 44, T 3 000, .., 011, 100, .., 111
A5, ..,-8,8, .., 15 4 0000, .., 0111, 1000, .., 1111
31, .., -16, 16, ..., 31 5 00000, .., 01111, 10000, .., 11111
63, ...,-32,32, .., 63 6 000000, ..o 111111
A27, ..., 64,64, .., 127 7 0000000, .rrr e 1111111
-256, ..., 128,128, ...., 255 8 00000000, ..o 11111111
511, ...., -256, 256, ...., 511 9 000000000, 111111111
1023, ..., 512, 512, ...., 1023 10 0000000000, 1111111111
22047, ..., -1024, 1024, ...., 2047 11 00000000000, 11111111111
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Table 13 — Codewords for variable length coding (2)

Zero-run / Size | Code Length Run_Size-codeword
0/0 (EOB) 4 1010
0/1 2 00
0/2 2 01
0/3 3 100
0/4 4 1011
0/5 5 11010
0/6 7 1111000
0/7 8 11111000
0/8 10 1111110101
0/9 13 1111111100010
0/10 13 1111111100011
0/11 17 11111111110111111
1/0 (EOM) 17 1111111111111
1/1 4 1100
1/2 5 11011
1/3 7 1111001
1/4 9 111110110
1/5 11 11111110011
1/6 14 11111111001000
117 14 11111111001001
1/8 14 11111111001010
1/9 14 11111111001011
1/10 15 111111110011000
1/11 17 11111111111000011
2/1 5 11100
2/2 8 11111001
2/3 10 1111110110
2/4 12 111111101101
2/5 15 111111110011001
2/6 15 111111110011010
217 15 111111110011011
2/8 15 111111110011100
2/9 15 111111110011101
2/10 15 111111110011110
2/11 17 11111111111000111
3/1 6 111010
3/2 9 111110111
3/3 12 111111101110
3/4 15 111111110011111
3/5 15 111111110100000
3/6 15 111111110100001
3/7 15 111111110100010
3/8 15 111111110100011
3/9 15 111111110100100
3/10 15 111111110100101
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Zero-run / Size | Code Length Run_Size-codeword
3/11 17 11111111111001011
4/1 6 111011
412 10 1111110111
4/3 15 111111110100110
474 15 111111110100111
4/5 15 111111110101000
4/6 15 111111110101001
417 15 111111110101010
4/8 15 111111110101011
4/9 15 111111110101100
4/10 15 111111110101101
4/ 11 17 11111111111001111
5/1 7 1111010
5/2 11 11111110100
5/3 15 111111110101110
5/4 15 111111110101111
5/5 15 111111110110000
5/6 15 111111110110001
5/7 15 111111110110010
5/8 15 111111110110011
5/9 15 111111110110100
5/10 15 111111110110101
5/11 17 11111111111010011
6/1 7 1111011
6/2 12 111111101111
6/3 15 111111110110110
6/4 15 111111110110111
6/5 15 111111110111000
6/6 15 111111110111001
6/7 15 111111110111010
6/8 15 111111110111011
6/9 15 111111110111100
6/10 15 111111110111101
6/11 17 11111111111010111
7/1 8 11111010
712 13 1111111100000
713 15 111111110111110
714 15 111111110111111
715 15 111111111000000
716 15 111111111000001
717 15 111111111000010
718 15 111111111000011
719 15 111111111000100
7/10 15 111111111000101
7711 17 11111111111011011

(continued)




Table 13 — Codewords for variable length coding (2)
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(concluded)

Zero-run / Size

Code Length

Run_Size-codeword

Zero-run / Size | Code Length | Run_Size-codeword
8/1 9 111111000
8/2 13 1111111100001
8/3 15 111111111000110
8/4 15 111111111000111
8/5 15 111111111001000
8/6 15 111111111001001
817 15 111111111001010
8/8 15 111111111001011
8/9 15 111111111001100
8/10 15 111111111001101
8/11 17 11111111111011111
9/1 9 111111001
9/2 15 111111111001110
9/3 15 111111111001111
9/4 15 111111111010000
9/5 16 1111111110100010
9/6 16 1111111110100011
9/7 16 1111111110100100
9/8 16 1111111110100101
9/9 16 1111111110100110
9/10 16 1111111110100111
9/11 17 11111111111100011
10/1 10 1111110100
10/2 16 1111111110101000
10/3 16 1111111110101001
10/4 16 1111111110101010
10/5 16 1111111110101011
10/6 16 1111111110101100
10/7 16 1111111110101101
10/8 16 1111111110101110
10/9 16 1111111110101111
10/10 16 1111111110110000
10/ 11 17 11111111111100111
1171 10 1111111000
11/2 16 1111111110110001
11/3 16 1111111110110010
11174 16 1111111110110011
11175 16 1111111110110100
11/6 16 1111111110110101
11717 16 1111111110110110
11/8 16 1111111110110111
11179 16 1111111110111000
11710 16 1111111110111001
11711 17 11111111111101011
12/1 11 11111110010

12/2 16 1111111110111010
12/3 16 1111111110111011
12/4 16 1111111110111100
12/5 16 1111111110111101
12/6 16 1111111110111110
1217 16 1111111110111111
12/8 16 1111111111000000
12/9 16 1111111111000001
12/10 16 1111111111000010
12/ 11 17 11111111111101111
13/1 1" 11111110101

13/2 16 1111111111000011
13/3 16 1111111111000100
13/4 16 1111111111000101
13/5 16 1111111111000110
13/6 16 1111111111000111
13/7 16 1111111111001000
13/8 16 1111111111001001
13/9 16 1111111111001010
13/10 16 1111111111001011
13/11 17 11111111111110011
14/1 16 1111111111001100
14/2 16 1111111111001101
14/3 16 1111111111001110
14/4 16 1111111111001111
14/5 16 1111111111010000
14/6 16 1111111111010001
1417 16 1111111111010010
14/8 16 1111111111010011
14/9 16 1111111111010100
14/10 16 1111111111010101
14/ 11 17 11111111111110111
15/0 (ZRL) 12 111111101100
15/1 16 1111111111010110
15/2 16 1111111111010111
15/3 16 1111111111011000
15/4 16 1111111111011001
15/5 16 1111111111011010
15/6 16 1111111111011011
1517 16 1111111111011100
15/8 16 1111111111011101
15/9 16 1111111111011110
15/10 17 11111111110111110
15/ 11 17 11111111111111011
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4.12 Packing
4.12.1 Compressed data of 3 RMBs

As the first step in packing compressed data into DIF blocks, the compressed data (C3RMB) of every 3 RMBs
are made.

Let CN be the C3RMB number in one RMBG.
CN=0,1,2,..179.

Let C3RMB[Sg][Rg][CN] be the C3RMB numbered CN of RMBG numbered Rg in SMBG numbered Sg.

Let C3RMB[Sg][Rg][CNI][i] be the i-th byte of data in the C3RMB [Sg][Rg][CN] (i= 0, 1, 2, ...).

Each C3RMB is composed of 3 RMBs which are numbered Rn = 3CN, 3CN+1, 3CN+2 in each RMBG. The
structure of the C3RMB is shown in figure 18. The C3RMB is composed of a fixed length data portion and a
variable length data portion. The fixed length data portion comprises side information and DC data. The
variable length data portion comprises AC data.

4.12.1.1 Side information and DC data

The details of the fixed length data portion in figure 18 are as follows:

— SABM: Upper or lower byte of the starting address (2 bytes) of the remainder data of the C3RMB stored in
buffer memory. (See 4.12.3 for details.)

— FFL: Field number flag
0 = the 1st field, 1 = the 2nd field (1080 system);
N.A. (720 system)
— Qno: 7-bit data of quantization number
— Category flag:
FMB — FMB flag of the MB, to which the CB/CR DC coefficient of the RMB belongs before CG shuffling.
FMB’ — FMB flag of the other MB in the SMB, to which the MB mentioned above belongs.

FYa-d — Flags of the four DCT blocks (Ya-Yd) of the MB, to which the Cg/Cr DC coefficient of the RMB
belongs before CG shuffling.

FYa'-d’ — Flag of each DCT block (Ya-Yd) of the other MB in the SMB, to which the MB mentioned above
belongs.

FCB’ — FCB Flag of the Cg DCT block which overlaps the Cg DCT block, to which the Cg DC coefficient of
the RMB belongs before CG shuffling.

FCR’ — FCR Flag of the Cr DCT block which overlaps the Cg DCT block, to which the Cr DC coefficient of
the RMB belongs before CG shuffling.

— DC data: 9-bit DC coefficient data of the 18 DCT coefficient blocks in 3 RMBs; 9-bit DC coefficient data are
separated into two groups of 8MSBs data and LSB data, respectively. DC data are composed of
one sign bit data (MSB, 0: plus or zero, 1: minus) and 8-bit binary data (absolute value).

NOTE -The side information does not include FCg and FCr because they can be made from the DC data of the Cg/Cr
DCT block.
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C3RMB
A
4 A
<—— 27 bytes——>< Variable length data
Fixed length
data portion

Byte position ’ T e
number " e
\<— Side information > DC data >
N LSBs < bit 8 to bit 1 of DC coefficients ——————————>
0 1 2 3 ---- ---- 25 26
MSB
CB CR YO Y1 Y2 Y3 CB CR YO Y1 Y2 Y3 CB CR YO Y1 Y2 Y3
LSB |
<— RMB3n+1 —><— RMB3n+2 —>
bit 0 of DC coefficients
<« Categoryflag ———>
FFL_{ FCB' | Fyc | Fya | FCB' | FYc } Y, (3n) |Y,(3n+1) /
(MsB) | FCR' | Fyc | Fya | FCR | FYC | Y, (3n) [Y, (3n+1)
| FMB | FYyd | FYb ] FMB_ | FYd ": Y5 (3n) [Cg (3n+2)
SABM FMB' | Fyd | Fyb' | FMB' | FYd’ | Y, (3n) |Cg (3n+2)
Qo I rya [ Fee | FYe | Fra [ res | Cg (3n+1)| Y, (3n+2)
Fya | FCR | Fyc | Fya | res { Cg (3n+1) Y, (3n+2)
Fyb | FMB | FYd | FYb i Cq Bn) [Y, (Bn+1)|Y, (3n+2)
————————————————————————————— res: reserved |
(LsB) | FYb' | FMB' | FYd | FYb’ i Cr (3n) |Y, (3n+1)[Y, (3n+2)
RMB RMB RMB
3n 3n+1 3n+2

Figure 18 — Structure of C3RMB

where n = CN
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4.12.1.2 AC data of 3 RMBs

To store the significant data of C3RMB in one DIF block, VLC code words of all DCT coefficient blocks within
every 3 RMBs are rearranged. The rearranging method is described below:

while( code_word_rearranging_not_finished in_3 RMB ) {
for ( blk_id=0; blk_id <6; blk_id++ ) {
for ( rmb=0; rmb<3; rmb++ ) {
if (block[rmb][blk_id]_is_not_empty ) {
get_a_code_word_and_connect (see figure 19) }
}

}
}

where blk_id (Cg - block)
(Cr - block)
(Yo - block)
3 (Y4 - block)
4 (Y, - block)
5 (Y5 - block)

N —=O

The rearranged code words are sequentially connected and divided into bytes, then stored in the AC variable
length data portion of the C3RMB. The codewords are arranged from the upper-left part of the variable length
data portion according to the order of rearranged VLC codewords as shown in figure 19. After the codewords
have been filled into the variable length data portion, there will be less than one byte of empty space
remaining. Then the empty space must be filled with bit 0.

The byte length of AC data is
int ( (the total bit amount of VLC codewords of 3BRMBs +7 )/ 8);

The byte length of C3RMB data is
int ( (the total bit amount of VLC codewords of 3BRMBs +7 )/ 8) + 27;

and its maximum value is 768 bytes.

Let LEN[Sg][Rg][CN] be the byte length of C3RMB[Sg][Rg][CN].
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DCT block VLC data codeword Macro block

- T RN A A Y Y Yy

3n i VLC1 VLC2 :I vico| vict - vico |veet | ---]|vieco :| vieo| -- :| VLCO :I: $1 bit
RMB ! Cg Gy . Yo Y, Y, Yy i
3n+1 E vLco |vict :| vLco| vLCH :I VLCO :| vLCo fvLevicajvics ] VLCO :I VLCO ]:

- - - - - - 1

RMB 1 Cp Gy Y Y, Y Y L E
3042 : |VLCO|VLC1 | VLC2 | :| |VLCO| VLC1 | :| |VLCO| VLC1 | :I |VLCO| :| | VLCO | ] |VLCO IVLC1| :| :
et Jt t.J_1 1. JL 1 ol e -l
(n=0,1,2,---)

[ Rearranged VLC data codewords ]

(MSB) (LSB) (MSB)  (LSB)
RMB 3n RMB3n+1 | RMB 3n+2 | RMB 3n |RMB 3n+1| RMB 3n+2 RMB 3n RMB 3n+1|RMB 3n+2
1 bit Ce 6 . Cr " . Y, Y, Y, k---- .
VLCO VLCO VLCO VLCO VLCO VLCO VLCO VLCO VLCO
oo oo o o o e s
' RMB 3n | RMB 3n+1 |RMB 3n+2] RMB 3n |RMB 3n+1] RMB 3n+2 RMB 3n |RMB 3n+1| RMB 3n+2
o> Y, Y, Y, Y, Y, Y, Y, Y, Y, b--
VLCO VLCO VLCO VLCO VLCO VLCO VLCO VLCO VLCO :
1
1
[ o
i RMB 3n |RMB 3n+1|RMB 3n+2] RMB 3n |RMB 3n+1 o RMB 3n | RMB 3n+1 o
==>1 Co Cq Cy Cr Ce | ----- Cs Cy Tt
VLC1 VLC1 VLC1 VLC1 VLC1 _ VLC2 VLC2 -
[ AC data ]
l«——— Rearranged VLC data codewords of AC coefficients (see Figure 18) ——— >
bt7 M —1 " 1T "~T7 T _ _T 1 1 ~~~"""--
N |3n+1(3p+2| 3n (301} |
CB C C C CR 1
VLCO |\ &0 lviBg | VLo VLCO
. VLCO
pto—1 [ b—— | yal

If a space exists, it is filled with ‘0’.

Figure 19 — Rearrangement of VLC data codewords
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4.12.2 DIF Block

The 5760 DIF block data stream contains compressed video data for one 1080 field or one 720p frame. The
data structure of the HD compressed video stream is shown in figure 20. DIF blocks are numbered 0 to 5759
in order. Each DIF block consists of 85 bytes of data. A 12-byte area in byte position numbers 0 to 11 of the
85 bytes in each DIF block numbered in multiples of 12 (DIF block number DN is 0, 12, ..., 5748) is reserved
for data transmission.

The DIF blocks numbered DN = 4xJ+2, 4xJ+3 (J=0, 1, 2, 3, ..., 1439) are called main data DIF blocks and are
used to transmit significant data of C3RMB. One main data DIF block has all or most of the data of one
C3RMB. The DIF blocks numbered DN = 4xJ, 4xJ+1 are called remainder data DIF blocks and are used to
transmit the remainder of the C3RMB.

Let DIF[m] be the DIF block numbered m, where m =0, 1, 2, 3, ..., 5759.

Let DIF[m][i] be the i-th byte of data in DIF[m], wherei=0, 1, 2, ..., 84.

Data in one video field (1080) or frame (720)

DIF Blocks | VO V1 V2 | e V5759

________________

85 bytes

Figure 20 — Data structure of one 1080 field / 720 frame

4.12.3 Main Data DIF Block packing

A pair (packing pair) of compressed data, C3RMB[Sg][Rg][2xK] and C3RMB[Sg][Rg][2xK+1], are packed into
a pair of main data DIF blocks, DIF[4xJ+2] and DIF[4xJ+3] respectively, where K is 0, 1, 2, ..., 89 in one
RMBG. J is described as follows:

J=360xRg+4xK+(Rg+Sg)mod4

If the data of C3RMB overflow their own DIF block, the vacant space in the other DIF block of the pair and
buffer memory are used for overflow data storing. The size of the buffer memory for one RMBG is 14940
bytes.

Let BUF[Sg][Rg] be the buffer memory for the RMBG numbered Rg in the SMBG numbered Sg.

Let BUF[Sg][Rg][i] be the byte data addressed i in the BUF[Sg][Rg], where i=0, 1, ..., 14939.

The C3RMB data stored in main data DIF blocks are called main data and the C3RMB data stored in the
buffer memory are called remainder data. After main data DIF block packing, the remainder data of one
RMBG in buffer memory are packed into 180 remainder data DIF blocks as described in 4.12.4.

Let SA[Sg][Rg][K] be the starting address of the remainder data of C3RMB[Sg][Rg][2xK] and/or
C3RMBJ[Sg][Rg][2xK+1] in the buffer memory.
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So that the remainder data of C3RMB[Sg][Rg][2xK] and/or C3RMB[Sg][Rg][2xK+1] are stored at the
addresses from SA[Sg][Rg][K] to (SA[Sg][Rg][K+1]-1) in the buffer memory. SA[Sg][Rg][0] is always 0000h,
and SA[Sg][Rg][90]is the next address of the last remainder data of each RMBG in the buffer memory.

Before the main data packing in DIF[4xJ+2] and DIF[4xJ+3], the most significant byte and the least significant
byte of the data SA[SG][Rg][K](2 byte) are stored in C3RMB[Sg][Rg][2xK][0] and C3RMBJ[Sg][Rg][2xK+1][0]
respectively as the SABM described in 4.12.1.

Let Set. SABM_of C3RMB(Sg,Rg,K,SA[Sg][Rg][K]) be the SABM setting process mentioned above.

As an exception, the address data SA[Sg][Rg][90] are stored in C3RMBJ[Sg][Rg][0][0] and
C3RMBISg][Rg][1][0], in other words, in DIF[4xJ+2][0] and DIF[4xJ+3][0], where K is 0, as SABM instead of
SA[Sg][Rg][0].

Let Set SA90(Sg,Rg,K,4xJ) be the process of SA[Sg][Rg][90] storing mentioned above.

There are four cases in the packing of C3RMB[Sg][Rg][2xK] and C3RMBJ[Sg][Rg][2xK+1] according to their
byte length. The packing method of four cases is described below:

—Case A

In the case that (LEN[Sg][Rg][2xK] =< 85) and (LEN[Sg][Rg][2xK+1] =< 85), all data of C3RMB[Sg][Rg][2xK]
and C3RMB[Sg][Rg][2xK+1] are packed into DIF[4xJ+2] and DIF[4xJ+3] respectively. In this case the vacant
space is not used. The packing method of case A is described below and shown in figure 21.

for(i=0; i<LEN[Sg][Rg][2xK]; i++)
DIF[4xJ+2][i] = C3RMB[Sg][Rgl[2xKI[il;

for(i=0; i<LEN[Sg][Rg][2xK+1]; i++)
DIF[4xJ+3][i] = C3RMB[Sg][Rgl[2xK+11[il;

SA[S][Rg][K+1]=SA[Sg][RAIIK];
—Case B

In the case that ((LEN[Sg][Rg][2xK] => 85) and (LEN[Sg][Rg][2xK+1] > 85)) or ((LEN[Sg][Rg][2xK] > 85) and
(LEN[Sg][Rg][2xK+1] => 85)), the overflow data of C3RMB[Sg][Rg][2xK] and C3RMB[Sg][Rg][2xK+1] are
stored in buffer memory as shown in figure 21. The packing method of case B is described below:

for(i=0; i<85; i++)
DIF[4xJ+2][i] = C3RMB[Sg][Rgl[2xKI[il;
ra=SA[Sg][Rg][K];
for(i=0; i<(LEN[Sg][Rg][2xK]-85); i++)
BUF[Sg][Rg]lra+i] = C3RMB[Sg][Rg][2xK][85+i];

ra=ra+(LEN[Sg][Rg][2xK]-85);

for(i=0; i<85; i++)
DIF[4xJ+3][i] = C3RMBJ[Sg][Rg][2xK+1][i];

for(i=0; i<(LEN[Sg][Rg][2xK+1]-85); i++)
BUF[Sg][Rg][ra+i] = C3RMB[Sg][Rg][2xK+1][85+i];

SA[Sg][Rg][K+1]=SA[Sg][Rg][K]+LEN[Sg][Rg][2xK]+LEN[Sg][Rg][2xK+1]-170;
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—Case C

In the case that (LEN[Sg][Rg][2xK] < 85) and (LEN[Sg][Rg][2xK+1] > 85), the overflow data of
C3RMBJ[Sg][Rg][2xK+1] are packed into the vacant space of DIF[4xJ+2], and in the case of

(LEN[Sg][Rg][2xK+1] - 85) > (85-LEN[Sg][Rg][2xK]), stored in buffer memory as shown in figure 21. The
packing method of case C is described below:

for(i=0; i<LEN[Sg][Rg][2xK]; i++)
DIF[4xJ+2][i] = C3RMB[Sg][Rgl[2xKI[il;

for(i=0; i<85; i++)
DIF[4xJ+3][i] = C3RMB[Sg][Rgl[il;
if((LEN[Sg][Rg][2xK+1] - 85) =< (85-LEN[Sg][Rg][2xK])) {
for(i=0; i<(LEN[Sg][Rg][2xK+1]-85); i++)
DIF[4xJ+2][LEN[Sg][Rg][2xK]+i] = C3RMB[Sg][Rg][85+i];
SA[S][Rg][K+1]=SA[Sg][Rg][K];
else {
for(i=0; i<(85-LEN[Sg][Rg][2xK]); i++)
DIF[4xJ+2][LEN[Sg][Rg][2xK]+i] = C3RMB[Sg][Rg][85+i];
ra=SA[Sg][Rg][K];
for(i=0; i<(LEN[Sg][Rg][2xK]+LEN[Sg][Rg][2xK+1]-170); i++)
BUF[Sg][Rg][ra+i] = C3RMB[Sg][Rg][2xK+1][170-LEN[Sg][Rg][2xK]+il;
SA[Sg][Rg][K+1] = SA[SG][RAI[KI+LEN[S][Rg][2xK]+LEN[Sg][Rg][2xK+1]-170;

—Case D

In the case that (LEN[Sg][Rg][2xK] > 85) and (LEN[Sg][Rg][2xK+1] < 85), the overflow data of
C3RMBJSg][Rg][2xK] are packed into the vacant space of DIF[4xJ+3], and in the case of (LEN[Sg][Rg][2xK] -

85) > (85-LEN[Sg][Rg][2xK+1]), stored in buffer memory as shown in figure 21. The packing method of case
D is described below:

for(i=0; i<LEN[Sg][Rg][2xK+1]; i++)
DIF[4xJ+3][i] = C3RMB[Sg][Rgl[2xK+11[il;

for(i=0; i<85; i++)
DIF[4xJ+2][i] = C3RMB[Sg][Rg][2xKI[i]

if((LEN[Sg][Rg][2xK]-85) =< (85-LEN[Sg][Rg][2xK+1])}{
for(i=0; i<(LEN[Sg][Rg][2xK]-85); i++)
DIF[4xJ+3][84-i] = C3RMB[Sg][Rg][2xK][85+i];
SA[Sg][Rg][K+1]=SA[Sg][Rg][K];
telse{
for(i=0; i<(85-LEN[Sg][Rg][2xK+1]); i++)
DIF[4xJ+3][84-i] = C3RMB[Sg][Rg][2xK][LEN[Sg][Rg][2xK]+LEN[Sg][Rg][2xK+1]-85+i];
ra=SA[Sg][RgI[K];
for(i=0; i<(LEN[Sg][Rg][2xK]+LEN[Sg][Rg][2xK+1]-170); i++)
BUF[Sg][Rg][ra+i] = C3RMBI[Sg][Rg][2xK][85+i];
SA[Sg][Rg][K+1]=SA[Sg][Rg][K]+LEN[Sg][Rg][2xK]+LEN[Sg][Rg][2xK+1]-170;

Let PACK_C3RMB_PAIR_IN_DIF(Sg,Rg,K,4xJ) be the process of the four cases mentioned above.

The method of packing 90x16 pairs of C3RMBs of one 1080 field or one 720 frame into 90x16 pairs of main
data DIF blocks is described below:
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for(Rg=0; Rg<4; Rg++){
for(Sg=0; Sg<4; Sg++}
SA[Sg][Rg][0] = 0;
for(K=0; K<90; K++){
J=360 x Rg + 4 x K + (Rg+Sg)mod4;
Set_ SABM_of C3RMB(Sg,Rg,K,SA[Sg][Rg][K]);
PACK_C3RMB_PAIR_IN_DIF(Sg,Rg,K,4xJ);
if(K==89)
K=0;
J=360 x Rg + 4 x K + (Rg+Sg)mod4;
Set_SA90(Sg,Rg,K,4xJ);
}
}
}
}

4.12.4 Remainder Data DIF Block packing

The method of packing the remainder data into one remainder data DIF block is described below:

if( ( (4xJ)mod12 )==0 ) { SIZE=73; SKIP=12;
Jelse{ SIZE=85; SKIP= 0;

}
for(i; i<SIZE; i++)
DIF[4xJ][SKIP+i] = BUF[Sg][Rg][ra+i];
ra=ra+SIZE;

Let PACK_REMAINDER_IN_DIF(Sg,Rg,4xJ,ra) be the process mentioned above.

All remainder data in the buffer memory of one 1080 field or one 720 frame are packed into 180x16 remainder
data DIF blocks. The method of packing remainder data into remainder data DIF blocks is described below:

for(Rg=0; Rg<4; Rg++){
for(Sg=0; Sg<4; Sg++X
ra=0;
for(K=0; K<90; K++)
J =360 x Rg +4 x K+ (Rg+Sg)mod4;
PACK_REMAINDER_IN_DIF(Sg,Rg,4xJ,ra);
PACK_REMAINDER_IN_DIF(Sg,Rg,4xJ+1,ra);

}
}
}
The result of packing all the compressed data C3RMBs of one 1080field or one 720 frame into 5760 DIF
blocks (2880 main data DIF blocks and 2880 remainder data DIF blocks) is shown in figure 22.
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<«——— DIF Block (85bytes) ———>
<—— C3RMB (2xK) ——— >

0123 --- 27 ---- 84
{ DIF(4xJ+2) |%‘éed'g{g~ AC data | |I1 byte
>

C3RMB (2 xK + 1) vacant space

case A DIF(4 x J +3) Sl:i)‘éed'gig' | AC data | I 1 byte
-«
SA vacant space
0123 14939

\_ Buffer Memory | | I1 byte

«———— C3RMB(2xK) —m8 >
<«— DIF Block (85bytes) ———>  overflowed data
0123 --- 27 ---- 84~ >

7 DIF(4xJ+2) | SideInfo. | AC data | —>| 11 byte

DC data

<~ C3RMB@2xK+1) —F———+ >

case B | DIF4xJ+3) | %‘éﬂ;{g | AC data | o — I1 byte

0123 --oonn- ) % v 14939

\_ Buffer Memory — | ———p :I I1 byte
-—>
Remainder Data of C3RMB (2 x K) and/or C3RMB (2 x K + 1)

<«——— DIF Block (85bytes) ———>
<«——— C3RMB (2xK) —— —

space
0123 --- 27 ---- 84
Side Info.
( DIF(4xJ+2) | DC data AC data | —>| I1 byte
A\ A\
<«—— C3RMB (2xK+1) ~ ~
Side Info.
case C DIF(4 x J + 3) | DC data AC data | —_— | — | I 1 byte
SA " overfloweddata
0123 ------- N, 14939
\\ Buffer Memory | | — | I1 byte
-——

Remainder Data of C3BRMB (2 x K) and/or C3RMB (2 x K + 1)

«———  C3RMB(2xK) —m8 >
<«——— DIF Block (85bytes) —— > overflowed data
-—

0123 --- 27 ---- 84
 DIF(4xJ+2) |S[;‘ée Info. AC data —>|->| 11 byte

data

<«—— C3RMB(2xK+1) —— >

case D | DIF(4xJ+3 | Side Info. | |
( ) | e dne AC data

0123 ------- y 14939
\. Buffer Memory — I1 byte

Remainder Data of C3RMB (2 x K) and/or C3RMB (2 x K + 1)

Figure 21 — Main data DIF block packing
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DN(Sg,R9) _________. . oL
J, / | \J | \l | \J
V0 (0, 0) i V1440 (3, 1) | V2880 (2, 2) i V4320 (1, 3)
V1 (0, 0) ! V1441 (3, 1) ! V2881 (2, 2) ! V4321 (1, 3)
V2 (0, 0) ! V1442 (3, 1) ! V2882 (2, 2) ! V4322 (1, 3)
Reserved V3 (0, 0) i V1443 (3, 1) | V2883 (2, 2) i V4323 (1, 3)
Area V4 (1, 0) : V1444 (0, 1) | \/2884 (3, 2) : V4324 (2, 3)
(12 bytes) V5 (1,0) ! V1445 (0, 1) ! V2885 (3, 2) ! V4325 (2, 3)
V6 (1, 0) ! V1446 (0, 1) ; \/2886 (3, 2) ! V4326 (2, 3)
V7 (1,0) | V1447 (0, 1) | \/2887 (3, 2) | V4327 (2, 3)
V8 (2, 0) ! V1448 (1, 1) : /2888 (0, 2) ! V4328 (3, 3)
V9 (2, 0) ! V1449 (1, 1) ! V2889 (0, 2) ! V4329 (3, 3)
V10 (2, 0) i V1450 (1, 1) - V2890 (0, 2) i V4330 (3, 3)
V11 (2, 0) ' V1451 (1, 1) ' V2891 (0, 2) ' V4331 (3, 3)
V12 (3,0) ! V1452 (2, 1) ! V2892 (1, 2) ! V4332 (0, 3)
V13 (3, 0) ! V1453 (2, 1) ! V2893 (1, 2) ! V4333 (0, 3)
V14 (3, 0) | V1454 (2, 1) i V2894 (1, 2) i V4334 (0, 3)
V15 (3, 0) ! V1455 (2, 1) ! V2895 (1, 2) ! V4335 (0, 3)
V16 (0, 0) ! V1456 (3, 1) ; \/2896 (2, 2) ! V4336 (1, 3)
V17 (0, 0) | V1457 (3, 1) | V2897 (2, 2) | V4337 (1, 3)
V18 (0, 0) : V1458 (3, 1) \ V2898 (2, 2) : V4338 (1, 3)
V19 (0, 0) ! V1459 (3, 1) ! V2899 (2, 2) ! V4339 (1, 3)
V20 (1, 0) ! V1460 (0, 1) ! V2900 (3, 2) ! V4340 (2, 3)
V21 (1, 0) | V1461 (0, 1) . V2901 (3, 2) | V4341 (2, 3)
V22 (1,0) ! V1462 (0, 1) ! V2902 (3, 2) ! V4342 (2, 3)
V23 (1, 0) ! V1463 (0, 1) ! V2903 (3, 2) ! V4343 (2, 3)
V24 (2, 0) i V1464 (1, 1) - V2904 (0, 2) - V4344 (3, 3)
V25 (2, 0) ' V1465 (1, 1) ' V2905 (0, 2) ' V4345 (3, 3)
V26 (2, 0) ! V1466 (1, 1) ! V2906 (0, 2) ! V4346 (3, 3)
V27 (2, 0) ! V1467 (1, 1) ! V2907 (0, 2) ! V4347 (3, 3)
: : o ! Lo : Lo ! :
| 1 [ ! [ ! [ ! !
1 1 1 1 1 I 1 1 1 1 1
V1435 (2, 0) i V2875 (1, 1) : V4315 (0, 2) i V5755 (3, 3)
V1436 (3, 0) ' V2876 (2, 1) ' V4316 (1, 2) ' V5756 (0, 3)
V1437 (3, 0) ! V2877 (2, 1) ! V4317 (1, 2) ! V5757 (0, 3)
V1438 (3, 0) ! V2878 (2, 1) ; V4318 (1, 2) ! \/5758 (0, 3)
V1439 (3, 0) | V2879 (2, 1) | V4319 (1, 2) | V5759 (0, 3)
! | ! | ! E l« 85 bytes —>]

: Remainder Data DIF Block
: Main Data DIF Block

Figure 22 — Packing the compressed data in 5760 DIF blocks
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Annex A (informative)
Overlapped block DCT coding for robustness

The process of reproduction of missing (error-detected) coefficient in overlapped block DCT coding is shown in figure A.1.

Overlapped Blocking (see Figure 4, 5)

(pixel domain) Trix.  Q P,Q: mxn DCT block
P

m =4 lines for Y / 8 lines for C

01234567 01234567
_ n=8 pix. [Pm.7] = [Qm.O]
n = 8 pix.
DCT ‘ '
(DCT domain) A B A, B: mxn DCT coefficient block
Transmission ERROR Missing Coefficient
Reproduction
A B*" missing data B

in column B ;

«— B,,; are all replaced

i with value 0 [B]=[B*"]+ [Bmi]
| Y (JReproduction) ——t

calculate B,,; from B*" and A

Figure A.1 — Process of missing coefficient reproduction

A.1 Missing one column of data in a DCT coefficient block

IDCT : [Pmn] = [Dmm]" [Amn] [Dnnl, [Qmnl = [Dmml’ [Bmnl [Dan]  Where [D]: DCT basis matrix

Pixel data in the most right side column of the DCT block P: [Pm7] = [Dm,m]T [Amn] [Dn,7]

Pixel data in the most left side column of the DCT block Q:  [Bmo] = [Dm,m]T [Bm,n] [Dn,o]

By overlapped blocking: [Pm7] = [Qm,]

From the equations above mentioned : [Amn] [Dn,7] = [Bm.n] [Dn.o]

The relationship of DCT coefficient between [Amn] and [B® mnl : [Amn] [Dn7] = [B* mn] [Dn.ol + [B m.i] [Dio]
where i=01t0 7, [B*mnl : [Bmn] in which coefficients of column [Bn,] are all replaced to value 0

Reproduced missing coefficient data [Bm,] (column i in the [Bmn] ) : [Bm.i] = ( [Amn] [Dn.7] - [B® mn] [Dno] ) / [Dio]

Reproduced DCT coefficient [Bmn] : [Bmn] = [B* mn] + [Bmi]

A.2 Missing more than one column of data in a DCT coefficient block

All data in error-detected columns are replaced with value zero. Then the only lowest frequency column in the error-

detected columns is reproduced by same equations described above, supposing all other columns replaced with value
zero.
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Annex B (normative)
Relationship between video signal and compression

Recording
Field 1 » Compression Field 1
1080 / 59.94i
Field 2 > Compression Field 2
Frame 1 > Compression *  Field 1
720/ 59.94p
Frame 2 > Compression > Field 2
Field 1 » Compression Field 1
1080 / 50i
Field 2 » Compression Field 2
1080 / 25p
»| Separated > . -
1080 / 24p Frame 1 field 1 Compression Field 1
1080 /23.98 N
P > Separated » Compression > Field 2
field 2

Figure B.1 — Relationship between video signal and compression
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