PROPOSAL N°6

FOR MPEG SUBJECTIVE TESTING

VADIS-COST Algorithm Group 2

Proposal Documentation

This proposal is submitted

BBC

CCETT

FI/DBP

Nokia Research Center
Norwegian Telecom
NTL

RAI

Retevision

Siemens AG

TCE/DTB

Telefonica 1+D
Telenorma

Telletra Spa

Universlty of Hannover
UP Madrid

and has been developpe
collaboration.

Date: 30 October 91

by:

ME"EHUGH"'QZWE"Q
m -

d in the framework of European VADIS/COST

1 12/11/91



CONTENTS

LINTRODUCTION
2.GENERAL CODEC OUTLINE '
3.VIDEO SOURCE FORMAT AND PRE-PROCESSING

4 LAYERED STRUCTURE OF VIDEO DATA
4.1 Transform Block
4.2 Ficld Macroblock
4.3 Frame Macroblock
4.4 Macroblock Slice
4.5 Picture Frame
4.6 Group of Pictures

" 5 MOTION ESTIMATION AND COMPENSATION
5.1 Motion Vector Estimation
5.2 Motion-Compensated Prediction

6.MODES AND MODE SELECTION
6.1 Picture Frame Coding modes
6.2 Macroblock types in an Intra Frame
6.3 Macroblock types in a Predicted Frame
6.4 Macroblock types in an Interpolated Frame

7. TRANSFORMATION AND QUANTISATION
7.1 Discrete Cosine Transform
7.2 Quantization of Intra-coded Transform Blocks
7.3 Quantization of Non-Intra Transform Blocks

8.CODING
8.1 Macroblock Type
8.2 Motion Vectors

8.3 Intraframe Codi

8.4 Nm-lnmfm%d

8.5 Coding of Transform ents
9.VIDEO MULTIPLEX LAYER

9.1 Sequence Layer

9.2 Picture Layer

9.3 Slice Layer

9.4 Macroblock Layer

9.5 Block Layer

10.0THER FEATURES

10.1 Compatibility with MPEG1

10.2 Short Delay

10.3 Others
ANNEX A: VLC Tables for Motion Vectors
ANNEX B: VLC Tables for Transform Coefficients

ANNEX C: Simulation Results

300““ WY A NLMNA W W W

507, /1b b1

12/11/91

SHl-NY



1. INTRODUCTION
This document gives a short description of the algorithm developed by VADIS-COST Algorithm
Group 2 and submitted to the MPEG subjective tests (proposal n°6)

This algorithm has some common parts with the CD of MPEG! which are underlined in the
following description.

2. GENERAL CODEC OUTLINE

The main features of the codec are:

- Input/output in CCIR Rec 601 format

- Full 4:2:2 resolution

- Motion vectors calculated using 16 pixels x 8 lines of luminance samples in a field macroblock
- Motion vector range of £ 7.5 pixels, 3.5 lines over 1 picture field

- Motion vector range of + 15.5 pixels, 7.5 lines over 2 picture fields

- Motion vector range of + 31.5 pixels, + 15.5 lines over 4 picture fields

- One pair of intrafields every 20 picture fields; pairs of altemate predictive and interpolative picture
fields for remainder

- Six basic macroblock modes.

- Mode decision based on absolute differences

- 8x8 DCT blocks of field or frame

- Scanning of DCT coefTicients in line with CMTT standard
- Entropy coding

3. VIDEO SOURCE FORMAT AND PRE-PROCESSING

The input and output of the codec is to the 625-line 50 Hz version of the 4:2:2 level of CCIR
Rec.601-2. No pre- or post-processing are applied to the 4:2:2 signals.
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q. LAYERED STRUCTURE OF VIDEO DATA

4.1 Transform Block

A transform block consists of an array of 8 pixels x 8 lines of either the luminance or one of the
colour difference signals. The samples may be taken either from one picture ficld or from one picture
frame. The scan sequence is from cft to right and then from top to bottom.

4.2 Field Macroblock

A field macroblock consists of a group of 4 transform blocks from the same picture field. It contains

two horizontally adjacent luminance transform blocks (i.c. 16 pixels x 8 lines of luminance samples)
and the co-sited single 8x8 Cp and single 8x8 CR transform blocks. This is illustrated below:

Yo Yy Cg - Cr

The scan sequence is Yg, Y1, Cp, CR. .

4.3 Frame Macroblock

A frame macroblock consists of either two field macroblocks (each from each field of the same
frame) as described above (ficld-based coding), or of a group of 8 transform blocks, each containing
data from both fields of the frame (frame-based coding). The transform blocks for the latter are
formed by considering the spatial relationship between the two fields, and interleaving lines of the
two fields in accordance with the interiace. transform blocks are illustrated below:

Yo Y1 Ceo Cro

L] [

|

Yo Y, Car Cri1 :
The scan sequence is Yo, Y1, CBo, Cro, Y2, Y3, CB1. Cr)
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4.4 Macroblock Slice

A Macroblock Slice consists of a row of Frame Macroblocks across the complete width of the picture
frame. The Slice contains 45 macroblocks.

s — 22222222 )

36 slices

45 macroblocks

4.5 Picture Frame
A picture frame consists of a pair of interleaved pictuce fields. It contains 36 Macroblock Slices from
top to bottom.

4.6 Group of Pictures

A video sequence is subdivided in of The first of bas a length of 9
hmmdmﬁmmhmwmsgmbnqmtm?pﬁcmmhMl&ﬁm
the second frame intra coded.

9000000000000

~~"
group of pictures
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5. MOTION ESTIMATION AND COMPENSATION
Motion compensated prediction or interpolation techniques are used to exploit temporal redundancy
n the video signal. Motion compensation is carried out at the field macroblock level.

A motion vector is called forward if reference is made 10 a previous picture field. It is called
backward if reference is made to a future picture field.

One forward motion vector is calculated for each field macroblock in a predicted picture field (see
Section 6.3). This is calculated with respect to the preceding predicted or intra picture field of the
same parity (e.g. the previous predicted odd picture field if the current picture field is odd).

P P B B P P

P I
| —

odd odd odd
even . even even

Motion Vectors for Predicted Frames
A total of three motion vectors are calculated for each field macroblock in an interpolated picture field
(see Section 6.4). One forward motion vector is calculated with respect to the preceding predicted or

following predicted or intra picture ﬁ.eld of the same parity. The third motion vector is calculated with
respect to the nearest predicted or intra picture field of the opposite parity.

P P B B P P
combined combined
forward umol l backward same
ﬁ.
forward opp.
combined 'wmbhod
forward same back same
back opp.
odd odd odd
even even ’ even

Motion Vectors for Interpolated Frames
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S.1 Motion Vector Estimation
Motion estimation is based on the 16 pixels x 8 lines of luminance samples in a ficld macroblock.

The search area is £ 15.5 pixels by £ 7.5 lines (of the field raster) when the vector is calculated with
respect to picture ficlds displaced in time by 2 field periods (i.c 1 frame periods). The search area is
decreased to 1 7.5 pixels by + 3.5 lines when the vector is calculated with respect to picture fields
displaced in time by 1 ficld period. The search area is increased to £ 31.5 pixels by & 15.5 lines
when the vector is calculated with respect to picture fields displaced in time by 4 field periods (i.c. 2
frame periods).

§.2 Motion-Compensated Prediction

Motion-compensated prediction is carried out on both the luminance and chrominance samples within
a field macroblock. The vertical component of the vector used for chrominance has the same value as
that used for luminance. The horizontal component is half the value of that used for luminance,
rounded down to the nearest half pixel (i.c. n.25 -> n.00 and n.75 -> 1.5 for positive and negative

n).
There are three forms of motion-compensated prediction: forward, backward and combined.

Forward motion-compensated prediction can be used to predict the value of samples from a
preceding picture field.

Backward motion-compensated prediction can be used to predict the value of samples from a
following picture field. '

Combined motion-compensated 'rediction can be used to predict the value of samples from a
preceding and a following picture field.

6. MODES AND MODE SELECTION

The coding process can adaptively select from a number of different modes of operation for different
parts of the picture depending on the nature of the local motion.

There arc three stages to the decision making. Firsily, the coder is able to choose from a number of
different forms of motion compensated prediction or it can choose to use intra-picture coding. This
decision is taken at the field macroblock level. Secondly, it can choose whether 1o use field- or
frame-based transform blocks. This decision is taken at the frame macroblock level. Finally, the
coder can decide whether or not there is useful coded information to be sent. This decision is taken
after performing the Discrete Cosine Transform and quantisation (see Chapter 7).

Section 6.1 describes the pattem of picture frame types. The different macroblock coding modes
which may be used within the picture frames are described in 6.2, 6.3 and 6.4.
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6.1 Picture Frame Coding modes

There are three types of picture frame:

a)Intra frame (I): This uses no information from other picture frames

b)ﬁnd'mgj_gm&m: This uses forward motion-compensated prediction from a previous picture

c)Interpolated frame (B): This uses bidirectional motion-compensated interpolation from previous

and following picture frames

A fixed pattem of picture frame types is used as follows:
BIBPBPBPBPBIBPB..
I GOPn - - GOP n+1 ---...

There is a repeated patter of 10 picture frames (i.c. 20 picture fields) known as a Group of Pictures
(GOP) containing: ,

1 Intra Frame (T)
4 Predicted Frames (P)
5 Interpolated Frames (B)
6.2 Macroblock mode in an Intra Frame

There is 1 Macroblock mode which may is used.

Prediction Parity of Motion Transform Coded or
Method Ref. Field Comp. Block Not Coded
1 Intra - . frame/field Coded

Frame based or field based coding may be used for each macroblock. This information is signalled to
the decoder.
6.3 Macroblock modes in a Predicted Frame

In predicted (P) frames, there are basically 2 macroblock coding modes : intra and forward motion
compensated.

Prediction Parity of Motion Transform Coded or
Method Ref. Field Comp. Block Not Coded
1 Intra - - frame/field Coded
2 Forward Same No MCMC frame/ficld Coded/Not Coded
1) Intra-coded

In the intra-coded mode macroblocks are routed directly to the discrete cosine transform process.
They are always coded.

Transform blocks can be either field-based of ﬁan;c-based (see section 4.3). Frame-based coding is
chosen if both field macroblocks within a frame are intra-coded.

2)
Predictively coded macroblocks are encoded in two stages. First, all three components of the
macroblock in ficld k are predicted using motion-compensated forward prediction (see Section 5.2)
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from field k-4. This prediction is known as the reference macroblock. The reference macroblock is
then subtracted from the actual macroblock components to form a prediction-crror macroblock,
which is passed to the discrete cosine transform process.

In forward prediction mode, the macroblocks may be declared as:
-NoMCor MC
- field based coded or frame based coded ) ]
- coded or not coded (this Jast decision can be applied to luminance and chrominance separatly).

The decision is transmitted at the beginning of the macroblock with the information on macroblock
mode.

6.4 Macroblock modes in an lnterpolited Frame
. In interpolated (B)fnmcs.d_lcreuebnﬂcall 6moblockeodingmdes:lnnwm

compensated, Backward motion Combined motion compensated, motion compensated

from fields of opposite parity (For/Back) and Same As Previous.

Prediction Parity of Motion Transform Coded or
Method Ref. Field Comp. Block Not coded

1 Intra - - frame/ficld Coded

2 Combined Same MC frame/field Coded/Not Coded

3 Forward Same MC frame/field Coded/Not Coded

4 For/Back Opposite MC field Coded/Not Coded

5 Backward Same MC frame/field Coded/Not Coded

6 As previous As previous MC As previous Not Coded

mdeciﬁmbcmeeninm-oodingudﬂnfmrmn-inmmobbckwdingmduisnndendn
field macroblock level, using a comparison between the original macroblock and the prediction-error
given by each of the non-intra coding modes.

1) Intra-coded
In the intra<coded mode macroblocks are routed directly to the discrete cosine transform process.
They are always coded. .

2) Forward Prediction. same patity

The Macroblock is encoded in two stages. First, all three components of the macroblock in field k

are predicted using motion-compensated forward prediction (see Section 5.2) from field k-2. This
iction is known as the reference macroblock. reference macroblock is then subtracted from

the actual macroblock components to form a prediction-crror macroblock, which is passed to the

discrete cosine transform process.

3) Backward Prediction, same parity

The Macroblock is encoded in two stages. First, all three components of the macroblock in field k
are predicted using motion-compensated beckward prediction (see Section 5.2) from field k+2. This
prediction is known as the reference macroblock. The reference macroblock is then subtracted from
the actual macroblock components to form a prediction-error macroblock, which is passed to the
discrete cosine transform process.

4) Combined Predicti i
The Macroblock is encoded in two stages. First, all three components of the macroblock in ficld k
are predicted using motion-compensated combined prediction (see Section 5.2) from ficlds k-2 and
k+2. This prediction is known as the reference macroblock. The reference macroblock is then
subtracted from the actual macroblock components to form a prediction-error macroblock, which is
passed to the discrete cosine transform process.
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The Macroblock is encoded in two stages. First, all three components of the macroblock in field k
are predicted using motion-compensated prediction to form a reference macroblock. Forward
prediction from the immediately preceding field, k-1, is used for the first field in a picture frame.
Backward prediction from the immediately following field, k+1, is used for the second field in a
picture frame. The reference macroblock is then subtracted from the actual macroblock components
to form a prediction-error macroblock, which is passed to the discrete cosine transform process.

6) Same Type as previous
This macroblock is defined to have the same motion vector and the same type (forward, backward,
combined, opposite parity) as the spatially preceding macroblock. It contains no coded information.

Different options may be used in the 6 basic coding modes:

- field based coding or frame based coding (modes 1, 2, 3 and 5)

- coded or not coded (this last decision can be applied to luminance and chrominance separately in
modes 2 to 5). '

These options are transmitted at the beginning of the macroblock with the information on macroblock
mode.

7. TRANSFORMATION AND QUANTISATION
While mode selection and local motion compensation are based on the macroblock structure, the
transformation and quantisation is based on blocks of 8x8.

Blocks are transformed with a 2-dimensional DCT as explained in Section 7.1. Each block of 8x8
pixels thus results in 8x8 transform coefTicients.

The DCT coefficients are quantised and encoded as described in Sections 7.2 and 7.3.

7.1 Discrete Cosine Transform

For each component (Y, CR or Cp), the Discrete Cosine Transform (DCT) is applied to blocks of

8x8 pixels. These video component elements are either absolute sample values or else differential
values depending upon the macroblock coding mode.

The transformation is the same as the one used in MPEG1 and H261.
The input to the forward transform and the output from the inverse transform are represented with 9

bits. The DCT coefficients are represented in 12 bits. The dynamic range of the DCT cocfTicients is
(-2048,...,2047).

7.2 Qusntisation of Intra-coded Transform Blocks

DC Cocfficients
The quantiser step-size for the DC coefficient of the luminance and the chrominance components is
always 8. Thus, the quantised DC value, QX(0,0), is calculated as:

QX(0.0) = X(0,0)/8 where QX(0,0) is the 11-bit unquantised mean value of a block.
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AC coeflicients X(k,1), where k.1 # 0, are first weighted with individual weighting factors:
X'(k,D) = (16 x X(k,1)) / min ( w(k,l) , QPx16)
where w(k,l) is the (k,))th element of the intra-coded weighting matrix

and QP is the quantiser rate control parameter.
The intra-coded weighting matrix for luminance is:
16 16 17 22 32 45 64 90
16 22 27 29 38 64 76 90
16 22 32 41 54 76 90 107
19 25 35 49 64 76 90 117
26 38 49 64 76 9 107 128
38 49 54 58 76 107 128 165
54 58 64 64 76 107 128 197
54 69 76 76 90 128 181 304
The intra-coded weighting matrix for chrominance is:
16 16 20 22 27 2 32 4]
16 17 19 20 27 32 35 49
19 19 20 2 29 35 38 64
20 22 25 23 32 38 45 64
25 27 27 29 35 41 49 69
32 32 35 35 41 54 64 98
38 41 41 41 54 64 83 128
45 45 45 45 69 76 90 152
X'(k.l) is in the range [-2048,2047). ‘
After weighting of the coefficients, the quantised level QX(k,I) is then given by
QX(k,) = f(X'(k.D) , QP, class)

where class is a measure of the activity of the block and can take 4 different values and f is a non licar
function. Two bits per luminance blocks are transmitted to signal the adapted quantiser step size.

QX(k,1) is clipped at +255 and -255.

The activity class for the chrominance blocks is deduced from the activity class of the co-located
luminance blocks.

7.3 Quantisation of Non-Intra Transform Blocks

Predicted and interpolated transform blocks are weighted by a matrix similar 1o the one of the intra-

coded blocks prior to quantisation. For these non-intra coded blocks, the rate control parameter
affects DC as well as the AC coefficients.
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8. CODING

In this Chapter the coding of the macroblocks and their attributes are described. Variable length
coding is used to exploit statistical redundancies.

In Section 8.2 the coding of the motion vectors is addressed. Differential motion vector coding is
used.

The coding of the transform coefficients uses both VLC and run-length techniques, and is described
in Sections 8.3 t0 8.5.

8.1 Macroblock Type

Eachﬁamhasmeofdwduupicmﬁmeodingmodes: 1 Intra
' 2 Predicted
3 Interpolated

For these three modes different sets of codes are used to indicate the Macroblock . The tables
below also indicate the presence or absence of data fields following the Macroblock type. The
coding for Macroblock types of ficld 1 (or frame) consists of a 1-bit FLC followed by a VLC. The
length of the VLC varies from 1 to 6 bits.

Ficldframe flag (for I, P and B frames)
0 frame i

-based coding
1 ficld-based coding

Intra Frames (1 frames)

All Macroblocks (field or frame-based) are intra coded.

Predicied Frames (P frames) have the following MB types and coding:

MB type for Field or Frame MVD TCOEFF CODE

MC, frame, coded 1z
MC, frame, not coded . X 01

No MC, frame, coded X 0011z
Intra, frame X 0001
No MC, frame, not coded 0010
where z is a bit signifying that

- luminance and chrominance are coded when z=1
- luminance only is coded when z=0. No further information is transmitted for chrominance.
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mmnma&m)hwedlefoﬂowhgmtypamwding:

MB Type for Frame MBs MVD1 MVD2 TCOEFF CODE
Interp., frame, coded X X X

Interp., frame, not coded X X 011
Forw., frame, coded X X 010z
Forw., frame, not coded X 0001

Back., frame, coded X X 0010z
Back., frame, not coded X 0011
Diff. MV=0, same type as

previous, frame , not coded 00001
Intra, frame X 000001
MB Type for Field MBs MVYD1 MVD2 TCOEFF CODE
Interpolated, coded X X X 1z
Interpolated, not coded X X 01
Forward, coded X X 00011z
Forward, not coded - X 00010
Backward, same, coded X X 00100z
Backward, same, not coded X 00101
Diff parity, coded X X 00110z
Diff.parity, not coded X 00111
Diff. MV=0, same type as

previous, field , not coded X 00001
Intra X 000001

where z is a bit signifying that ‘
- luminance and chrominance are coded when z=1
-luminmodykeodedwhenv-o.Nofuduhfmﬂonhwmdfadlmﬁmmc.

8.2 Motion Vectors

Motion vectors for macroblocks in predicted and interpolased frames are coded differentially within a
Slice, obeying the following rules:

~Bvuyfwwdabuckwudmﬂmmhnledba&mml:muuof25eldpaiodsfw

interpolated macroblocks and 4 field periods for maed macrob| The scaled motion vector is
coded relative to the last vector of the same type ).

-Thcptedicﬁmmoﬁmvecwrbmbmindlemsulhemofts&e.orifmelas:MB
wascodedindneinnume.(NoterorpmdictedMBs.lNoMCdecisionmpmdstoamet
to zero of the prediction motion vector.)

- For MBs in interpolated picture frames, only vectors that are used for the selected prediction
mode are coded.

ThemoﬁmvectG:moodeduMcelfcdiﬁueudﬂvﬂueuﬁngmeVLCoodesgim in pages
36, 37, 39 of MPEG video CD (doc. MPEG 90/176 rev 2). The selection of table is
determined by the allowed range of the motion vector.

Range of Vector: +7.8 +18.8 131.8
Application: Vi-2 V3-4 H1-2 H3-4
VLC from Table 1 2 3

where "V1-2" indicates a vertical motion vector for a time displacement of 1 or 2 field periods.
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8.3 Intraframe Coding (I frames)

Adaoi -

A wo bit codeword is transmitted at the beginning of each luminance intra coded block to indicate the
class of the block (function of the activity of the block).

Class Code
0 00
1 01
2 10
3 11

DC Predicti
After the DC coefficient of a block has been quantised to 8 bits, it is coded losslessly by a DPCM
technique. Coding of the luminance blocks within 8 MB follows the block scan sequence given in
Section 4.3. The DC value of the 4th luminance block becomes the DC predictor for 1st block of the
following MB.

At the left edge of a Slice, the DC predictor is set to 128 (for the first block of the luminance, and for
cach of the chrominance blocks). Apart from the left edge of a Slice, the DC predictor is simply the
previously coded DC value of the same type (Y, CR, or Cp).

At the decoder the original quantised DC values are exactly recovered by following the inverse
procedure. The differential DC values thus generated are categorised according to their "size” as
shown in the table below:

Size Differential DC Code

0 0

| -1,1 0.1

2 -3,-2,2,3 00,01,10,11

3 -7...-44..7 000...011,100...111

4 -15...-8.8...15 0000...0111,1000...1111

5 -31...-16,16...31 .

6 -63...-32,32...63 .

7 ~-127...-64,64...127 .

8 -255...-128,128...255 00000000...01111111,10000000...11111111

For each category sufficient additional bits are appended 10 the Size code to identify uniquely which
difference value in that Size category actually occurred. The additional bits thus define the signed
amplitude of the difference data. The number of additional bits (sign included) is equal to the Size
value. The Size category is coded using the following VLC table:
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Size Luminance Chrominance
Length Code Length &;}de

0 3 100 2

l 2 00 2 01

2 2 01 2 10

3 3 101 3 110

4 K) 110 4 1110

5 4 1110 S 11110

6 5 11110 6 111110

7 6 111110 7 1111110
8 7 1111110 8 11111110

AC Cocfficients
AC cocfficients are coded as described in Section 8.5.
8.4 Non-Intraframe Coding (P and B frames)

Intra blocks
Intra blocks in non-intra frames are coded as in intra frames.

The DC predictor for luminance and chrominance are set to 128, unless the previous block was also
intra.inwhichcase.thepmdicmmobuinedﬁomdleg;wiousblock.thninthescansequcnce
a non-intra block is present, the DC predictor is reset to 128.

L.~ piag N S prid block
-~ =—Jf-=---" el <. —.-] scanning
field 2 non-intra|| non-intra wa ntra sequence
reset of DC prediction

AC cocfficients are coded as described in Section 8.5.

Non-intra blocks
The presence or absence of transform coefficient data is determined by the MB type. The quantised
transform coefficients are scanned and coded as described in Section 8.5.

8.5 Coding of Transform Coefficients
The most commonly occurring combinations of runs of a number of successive zero-valued
coefficieats (RUN) and the followin; non-zero coefficient value (LEVEL) are encoded with variable

length codes such as the ones used in MPEG1 CD. The scan path of the quantised coefficients is
given below:
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0 2 6 12 20 28 36 44 0 2 3 9 10 20 21 35
15 11 19 27 35 43 51 1 4 8 11 19 22 34 136
3 7 1321 29 37 45 %2 S 7 12 18 23 33 37 48
4 10 18 26 34 42 S0 S7 6 13 17 24 32 38 47 49
8 14 22 30 38 46 53 58 14 16 25 31 39 46 SO 57
9 17 25 33 41 49 56 6l 15 26 30 40 45 S1 56 S8
15 23 31 39 47 s4 $9 62 27 29 41 4 52 55 59 62
16 24 32 40 48 S5 60 63 28 42 43 S3 5S4 60 61 63
Scan Path for Luminance Scan Path for Chrominance

The table of variable length codes for the common (RUN,LEVEL) combinations is given in Annex
B. The End of Block is signalled by the EOB code. The last bit of the VLC shown as 's’ denotes
the sign of the level, '0' for positive, '1' for negative.

Other combinations of (RUN,LEVEL) are encoded with a 20 or 28 bit word consisting of 6 bits
ESCAPE, 6 bits RUN and 8 or 16 bits LEVEL.

Codes following ESCAPE:

RUN CODE LEVEL CODE
0 0000 00 -256 FORBIDDEN
1 0000 01 .255 1000 0000 0000 0001
2 0000 10 . A
. ) - .120 100000000111 1111
63 1111 -128 1000 0000 1000 0000
-127 1000 0001
2 1111 1110
-1 1111 1111
0 FORBIDDEN
1 0000 0001
2 0000 0010
127 0111 1111
128 0000 0000 1000 0000
129 0000 0000 1000 0001
255 0000 0000 1111 1111
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9. VIDEO MULTIPLEX LAYER

AvideomltiplexlaycrisdeﬁnedinAMmlduu'lbedbebw.
Urﬂcssspeciﬁedoduudscmcnm:imiﬁambitoccmmmisBit 1 and is the left most bit in

the code tables hereafter.

Each Iayerisdcsaibedbyasynmdiagnm:lmingﬂnordaofcodemdsmmeopﬁonsimhe

bitstream.

9.1 Sequence layer

byte afignment SEOSC hor size vertsize rb frames picture

Sequence Start Code (SEQSC): 32 0000 0000 0000 0000 0000 0001 1111 1111
Horizontal Size : 8 0000.0000 O block
(number of macroblocks) . .

1111 1111 255 blocks
Vertical Size : 8 0000.0000 O block
(number of macroblocks) . .

1111 1111 255 blocks
Number of frames: 8 0000.0000 0

1111111 255 frames
9.2 Picture layer
Picture Start Code (PSC): 2 0000 0000 0000 0000 0000 0001 0000 0000
Picture Coding Type : 2 00 1 frame

01 P frame

10 B frame
Buffer Occupancy (BO): 8 0000.0000 0<BO <1kbye
(by step of 1 kbyte) . .

1111 1111 255 £ BO < 256 kbytes
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9.3 Slice layer

byte alignment SSC 51 slice address QP MB
Slice Start Code (SSC): 24 0000 0000 0000 0000 0000 0001
Slice Address: 8 0000.0001 slice number 1
11111110  slice number 254
QP: 5 00001 QP=1

nn QP=31

9.4 Macroblock layer
9.4.1 I-frame macroblock

W Block |—p

9.4.2 P-frame macroblocks

==l type TV]l o |1 r

—

9.4.3 B-frame macroblocks

vl e o M A R I et A

9.5 Block Layer
9.5.1 Intra coded blocks
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9.5.2 Inter coded blocks

AC coel 88

10. OTHER FEATURES

10.1 Compatibility with MPEGI1
The algorithm described above has a number of functions in common with MPEG1 video CD : DCT,
forward and backward motion estimation, forward, backward and interpolative prediction , VLC.
These common features enable forward compatibity with a low implementation cost.
Full compatibility (Forward and Backward) can be assured by simulcast : in the same channel,
bitstreams for MPEG1 and MPEG2 are transmitted together with no common information. A
MPEG1 (or MPEG?2) decoder will use the appropriate information to reconstruct video sequences.
This functionnality will be demonstrated with the following conditions :

- MPEG bitstream at 1.15 Mbit/s

- MPEG2 bitstream at 2.85 Mbit/s or 7.85 Mbit/s
- total bitrate 4.00 Mbit/s or 9.00 Mbivs

10.2 Short delay

By forbidding backward prediction for B frames, ordering the bitstream in the classical viewing
order, limiting the buffer size t0 3 coded images, a short delay of around 200 ms can be obtained
(including 1 frame delay on the coder side, 1 frame delay on the decoder side and 3 frames delay for
buffering). This short delay mode can be made optional in the coder.

Picture quality at 4 and 9 Mbit/s in the short delay mode will be demonstrated.

10.3 Others

Fast Forward and Fast Reverse are obtained by picking each intra-coded picture in each group
of picture (1 picture out of 10). This features will be included in the demonstration tape.

With the youpofﬁtmessu'ucmofmebitsmmdom:ccsstomyficm:isveryeasy.
The maximum delay is the time required for decoding 5 pictures (1 I frame and 4 P frames).

ANNEX A: VLC Tables for Motion Vectors
Table 1: seec MPEG Video CD, Annex B (MPEG 90/176 rev 2, 18 December 90) Table B4a, page 36.
Table 2: see MPEG Video CD, Annex B (MPEG 90/176 rev 2, 18 December 90) Table B4b, page 37.

Table 3: see MPEG Video CD, Annex B (MPEG 90/176 rev 2, 18 December 90) Table B4d, page 39.
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ANNEX B: VLC Table for Transform Coefficients
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File sizes of bitstreams

FG4JAP.BIT 1
FG9JAP.BIT:1
MOB4JAP.BIT;1
MOB9JAP.BIT1
TT4JAPBIT 1
TT9JAP.BITY
POPSJAP.BIT;1

Total of 7 files:

4938
11111
4923
11069
4924
11052
11052

59069 blocks

comment: one block = 512 bytes
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