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1. INTRODUCTION

With terms of reference for the ISO/MPEG phase I set at generic coding for moving
picture at up to about 10 Mbits/s, MPEG phase II proposals have attracted many new
applications which include digital storage and transmission of high quality video on various
media (eg. digital VTR, ATM network, Satellite, Terrestrial Broadcast, Cable network, etc),
and interactive communication systems (eg. Video conference, Videophone, Optical Disk
System, etc). This document consists of an algorithm proposal by Matsushita for generic
video coding targeting at the above mentioned bit-rate and applications.

The Matsushita proposal is basically a superset of the Simulation Model Three (SM';%)
[1] of MPEG Phase I, and the algorithm proposed is enhanced from SM3 with several
objectves :

a) Superior picture quality suitable for broadcasting application with small increase in
algorithm complexity; : A

b) Supporting of both interlace scanned and progressively scanned input / output video
format with a single system; :

c) Fofward Compatibility with MPEG Phase I systems allowing no modification of hardware
to decode MPEG-I bit stream;

d) Providing special switchable mode for supporting cell loss resilience requirement for ATM
network.

The detailed design, characteristics, and implementation complexity of the Matsushita
* proposed algorithm are described. Some design considerations have been made in this
document to handle channel errors or cell loss in ATM network.

2. DESCRIPTION OF THE PROPOSED ALGORITHM
2.1 Algorithm Overview

The basic of the Matsushita proposal is developed from the SM3 Algorithm which
consists of the motion detection. motion compensation, DCT, quantization with rate-control,
zig-zag scanning, and VLC modules. On top of the basic, the Matsushita proposal has four
new areas of development : Interlace Coding Algorithm, Edge Enhancement Method, Bit
Allocation Optamization, and Statistical Improvement.

Interlace Coding Algorithm

In SM3, the input picture sequence is pre-processed where each picture consists of
only progressively scanned lines; however, since one of the requirements of MPEG phase II
algorithm is be able to handle both interlace and progressive scanned input / output video, it
is proposed that all input sequences (interlace or progressive) are to be coded frame-by-frame
(frame coding). Present proposal consists of Interlace Coding algorithm to solve problems
associated to interlaced frames coding. The interlace coding algorithm has two parts :
Interlaced Macroblock Coding, and Interlaced Motion Compensation.

In Interlaced Macroblock Coding, the input frames are sampled into Macroblocks to
be sequentially coded (refers to section 2.4). With objects contained in the Macroblock
remained stationary, correlation between adjacent lines is high such that the Macroblock can
be efficiently coded by a frame coding process. On the other hand, if the said objects are
moving, the correlation between the two fields in the Macroblock will be low, and field
coding process will be more efficient in this case. The proposed Interlace Macroblock
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Coding method examines the correlation between the two fields in each macroblock, and

subjects ttgc macrobloc}_c to frame coding or field coding according to the examination result

Interlace Motion Compensation method was designed to handle the time / motion
differences between the two fields in a frame, or between fields of two frames. As for the
Intra-coded frame (I-Frame), global horizontal motion compensation is applied to the second
field reference to the first field in the frame to compensate any global panning motion which
causes edge jerkiness in the frame and improve overall frame coding efficiency (section 2.5
& 2.6). For the nonintra-coded frames (P & B-Frames), two set of motion vectors are
detected for each macroblock in each prediction direction. The first set consists of a motion
vector estimating motion of the macroblock luminance pels, and the second set consists ‘of
two motion vectors each estimating motion of a luminance field (even/odd) in the
macroblock. Comparison is made between the two sets of motion vector, and selection of
one is done based on efficiency and estimation accuracy (section 2.5 & 2.6).

Edge Enhancement Method

Given the fact that edges in the sequence are more important visual information, and
generally more difficult to code, a special coder, Adaptive DCT/DPCM Coder, has been
designed for coding of such information to improve overall quality of the reconstructed
sequence.

Basically, DCT converts statistically dependent pels into independent coefficients.
The results are usually energy concentrated into only a few of the coefficients containing the
main part of the picture information which can be quantized and run-length encoded. This
concept is, however, difficult to apply when the transform pixel block is small in size and
contains an edge boundary of an object (Edge Block). Transformation of such edge block
will not lead to efficient compaction of signal energy, and ringing effects (corona effects)
around the edges are usual to transform coding method.

The Adaptive DCT/DPCM Coder consists of an Edge Detector (section 2.9) which
classifies each block to Edge/Non-Edge block type. The non-edge block is subjected to the
DCT coder similar the SM3 coder (section 2.10), and the edge block is subjected to a DPCM
coder (section 2.11) which performs better decorrelation and localization of the signal in time
domain.

Bit Allocation Optimization

SM3 consists of a data compression rate controller that tries to limit the output bit-rate
to a certain targeted number, example 1.15 Mbits/s. This rate controller allocates bits at the
Macroblock Slice level based on the content of the system buffer and the type of frame it is
coding. It however does not consider the distortion generated when too few bits are allocated
or the redundancy when there are too many allocated bits. The Rate Controller (section 2.14)
has been modified to provide better error distribution within every frame, and to have control
of bits distribution among the I, P, and B-Frames.

Bit allocation is also controlled at the Macroblock level by the Quantizer (section
2.10) in the DCT coder. A method of calculating the Macroblock Quantizer step size
(MQuant) is designed for the quantization of each Intra-coded Macroblock. As for the
Nonintra-coded Macroblock, Conditional Replenishment (CR) method is used for better
utilization of the bits. :
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Staristical Improvement

The run-level codes output from the Run-Length encoder (Zig-Zag Scanner) possess
statistical characteristics distinguishable between the Intra-coded Macroblocks and the
Nonintra-coded Macroblocks; therefore, it is more efficient to have separate Variable Length
Coder (VLC) for encoding of the run-level codes from the Intra-coded and Nonintra-coded
Macroblocks instead of a common VLC table as in SM3. In the present proposal, the VLC
tables (section 2.13) for the Intra-coded and the Nonintra-coded Macroblocks were each
optimized from statistics gathered from the two types of Macroblock.

Summary
Items Basic | Proposals
Picture Format 704x480x30 Y Adaptive Chrominance Subsampling
352x480x30C -
Frame/Field Frame Coding Global MC on I-Frame
Frame Type Ratio M=3, GOP=12
Macroblock (MB) 4:1:1 Interlaced MB Coding
Motion Estimation +15.5 Pel Interlaced MV Coding
Encoder MC + DCT Adaptive DCT/DPCM Coder
| Quantizer SM3 MQuant for Intra MB, Conditional
‘ Replenishment for Non-intra MB
VLC SM3 Intra/Non-intra Run Level VLC
Rate Control SM3 Adaptive Controller
Table 2.1.

2.2 Encoder and Decoder

The overall designs of the Matsushita proposed Encoder and Decoder are illustrated in
figure 2.2a and figure 2.2b respectively for demonstration of how each components are
integrated together and also the flow of the processed data. Basically, the Encoder contains a
local Decoder that performs the reconstruction of the encoded frames for future prediction
purpose. The exact functions of each module in the block diagrams are described in the
following sections (section 2.3 - 2.14).
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2.3 Input Picture Format

The input picture format for simulation is CCIR Rec. 601 [2] with picture rate of 30
frames/second. The two fields (interlaced) of each frame are merged together to form the
input frame sequence to the encoder. The coded area of each frame is 704x480 luminance pel
area as shown in figure 2.3a.

360
3

486 486

Figure 2.3a. Coded Pel Area

Input frame sequence is divided into groups of pictures (frames), or GOP, containing
12 consecutive frames with the first frame (I-Frame) of each GOP coded using intra coding
method for random accessibility. Each third successive frame (P-Frame) starting from the
first frame of the GOP is forward-predictive coded, and the rest of the frames (B-Frames) are
bi-directional interpolative coded. Figure 2.3b is illustrating this GOP structure (GOP=12,
M=3 as in SM3) and the direction of prediction.

AN

(Forward) (Backward)

I-Frame T P-Frame B-Frame

Figure 2.3b. Group of Pictures
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2.4 Macroblock Sampling

Each frame in the input picture sequence is partitioned top-to bottom into Slices of
Macroblocks where each Macroblock is coded sequentially left-to-right into bit-stream. The
structure of the Macroblock is similar to SM3 structure with size of 16x16 luminance pel area
and the co-sited 16x8 chrominance pels; hence, there are 30 Slices per frame and 44
Macroblocks per Slice. The sampling of the the Macroblock into luminance Blocks (8x8
pels) and also the vertical subsampling of the chrominance blocks are performed later in the
encoder according to the results of the Interlace Detection Module. -

2.5 Motion Vector Detection

Different types of Motion Vectors are detected for each of the frame type (I/P/B) in
the Motion Vector Detection Module. For the I-Frame, a Global Motion Vector (GMV)
which represents the global motion shifting of the second field in the I-Frame with reference
to the first field in the same frame is to be detected. The GMYV is determined by the following
way :

Step 1. The motions between the second and the first field (reference) within the frame are
estmated Macroblock by Macroblock in full pel precision in the horizontal direction and half
pel precision in the vertical direction. In other words, the second field is fixed, while the
reference frame is composed of the first field and its interpolation (in place of the second
field). The motion vector of each Macroblock (second field only) is determined by the
minimum absolute error for a search range of +7 pel. The method of calculating the errors is
always between the second and the first field, or between the second field and the
interpolated (reference) second field.

Step 2. From the motion vectors obtained in step 1, the GMV is determined by taking the
averages of the motion displacements which occupy more than a certain percentage (majority
set at 40%) of all the motion vectors. This is done separately for the horizontal and vertical
motion.

For the P-Frame, 3 moton vectors are estimated for each Macroblock using the same
reference frame which is either previously coded I or P-frame: one for the 16x16. pel area
(MV), and one each for the odd lines and the even lines of the 16x16 pel area (interlaced
motion vectors or IMV). The motion search range is £15.5 pels horizontally and vertically
per frame distance, which is twice the field distance of +7 pels. Telescopic search technique
described in SM3 is used for reference frame distance of more than 1 frame. The search
method is mean absolute error performed with full search at integer pel resolution followed
by surround 1/2 pel resolution search using only luminance signals only. The interlaced
motion vectors (IMV) are detected for better motion compensation in the case where fast
moton (acceleration / deceleration) occurs in the sequence.

As for the B-Frame, the same 3 motion vectors are estimated for each Macroblock per
each forward reference frame and backward reference frame (hence, 6 motion vectors
estimated). The same search range and search method are used for P-Frames and B-Frames.

2.6 Motion Compensation

The objectives of this module is to decide the Macroblock motion compensation mode
(Macroblock type), and perform the necessary motion compensation. For the I-Frame, the
determined GMV from the Motion Vector Detection Module is used to shift the second field
of the frame globally in the respective horizontal and vertical direction. Each Macroblock is
re-sampled again from the shifted frame and coded intra.
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In the case of Non-intra coded (P & B) frames, the first operation is to select between
using one motion vector (MV) or two motion vectors (even and odd lines, IMV) for
displacement estimation; this selection process is to be repeated for both prediction directions
in the case of B-Frame. The selection process is based on a square error performance
comparison method. For P-Frame, the second operation is to select between two modes :
intra-coded, or predictive coded. This selection is base on the following process :

ISISIB{)’ 1. obtain motion displaced Macroblock from reference frame using the selected MV or

Step 2. calculate the square error difference (Luminance only) between this obtained motion
displaced Macroblock and the current Macroblock to be coded; ‘

Step 3. calculate the Luminance AC energy (summation the square differences of each sample
from the Macroblock mean sample value) of the current Macroblock to be coded;

Step 4. if the AC energy calculated in step3 is lower than the square error calculate in step 2,
the current Macroblock will be coded using Intra-mode; else, the current Macroblock will be
coded using predictive mode and the difference of the current Macroblock and the obtained
motion displaced Macroblock will be coded and transmitted.

For B-frame, the second operation is to select one of the coding modes : forward
predictive, backward predictive, bi-directional interpolative, or intra-coded. The selection
process and coding process is basically the same as the above P-Frame process except that
the square error differences will be calculated and compared for : forward motion displaced
Macroblock, backward motion displaced Macroblock, and the forward/backward motion
interpolated Macroblock. This coding mode selection process is the same as the one
described in SM3 for B-frame.

2.7 Interlace Detection

The objective of this module is to detect fast motion occurred in the Macroblock
causing the data in the two fields in the Macroblock to be highly decorrelated. The detected
result will be used for Luminance block sampling and Chrominance block subsampling.
Detection method used basically calculates the square error between the even and odd line
pairs of the Macroblock luminance area, and compares the calculated result to the square error
calculated between the consecutive odd line pairs and the consecutive even line pairs of the
same area. The C function to do this is given as :

Interlace_Detection (Macroblock)

int Macroblock{BlockHeight][BlockWidth],;{
int i,J,

int difl, dif2, errl, err2, ratio;

errl =0;

for (i=0; i<BlockHeight, i+=2)
for (j=0; j<BlockWidth, j++) {
/*  Inter-Field Difference */
difl = Macroblock[i][j] - Macroblock[i+1][j];
errl += difl*difl,;
J
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err2 =0; :
Jor (i=0; i<BlockHeight, i+=4)
Jor (j=0; j<BlockWidih, j++) {
/*  Intra-Field Difference */
difl = Macroblock{ i }{j] - Macroblock[i+2][j],
dif2 = Macroblock{i+1][j] - Macroblock{i+3]}[j];
er2 += (&f1*Gf1) + (Rd2);

ratio = (err1*10)ferr2; .

if ((err1>100000)& &(ratio>12)) return (True);
else if ((err]1>8000)& &(rario>18)) return (True);
else if (rario>30) retwrn (True);

else return (False);

2.8 Luminance Block Sampling & Chrominance Block Subsampling

In the case where fast (horizontal) motion is detected in the Interlaced Detection
process, the correlation between two fields in the Macroblock is low; hence, the two fields in
the Macroblock are better coded independent of each other (Field Coding). This can be
achieved by sampling of the Macroblock into four 8x8 blocks with the two blocks containing
the even field samples and two other containing the odd field samples (see figure 2.8). Each
set of blocks are coded independent of each other. On the other hand, if no motion is
detected by the Interlace Detection process, the conventional way of partitioning the
Macroblock into four smaller blocks (SM3) is used to take advantage of higher correlation
between the lines in the two fields (Frame Coding).

Vertical 2:1 subsampling of the Chrominance data is performed by averaging based
on the result of the Interlace Detection process. Basically if inter-field correlation is high (no
interlaced motion detected), intra-frame vertical subsampling of chrominance data is
performed (Frame Coding); if inter-field correlation is low, intra-field vertical subsampling is
performed (Field Coding). Following are diagrams illustrating the mentioned processes :

T
[

(a) Luminance Block Sampling - Frame Coding
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—_—

(b) Luminance Block Sampling - Field Coding

(d) Chrominance Block Subsampling - Field Coding

Figure 2.8.

10
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2.9 Edge Detection

In the Edge Detection process, the amount of activity in each input Luminance 8x8
block is calculated and compared to a pre-defined threshold value 71. The sum of the square
deviation of the block pixel intensity values from the mean block intensity value is used as
representation of the block activity. If the calculated activity is greater than T, then the
actvities of the surrounding blocks are compared to another threshold value T2. If any one
of the activities of the surrounding block is lower than T2, the input block is considered as a
boundary block between an object in the video sequence and a smooth background or region.
In such a case, the input block is classified as an Edge Block.

For the Chrominance block, if any one of the Luminance block in the same
Macroblock is detected as an Edge Block, and the calculated activity of the chrominance
block is greater then a third threshold value T3, the chrominance block is considered as an
Edge Block. The threshold values TI, T2 and T3 are set at 5300, 1000, and 8500
respectively for the simuladon. ‘

If the block is determined to be an Edge block, it is subjected (switch S1 in figure
2.2a) to the DPCM coding process which consists of the Spatial Predictor, the B-Quantizer,
the Run-Length Encoder (Zig-Zag Scanner) and the Variable Length Coder. The block is
subjected to a DCT coding process, if it is not an Edge block, which consists of the Discrete
Cosine Transformation process, the Quantizer, the Zig-Zag Scanner, and the Variable Len gth
Coder.

2.10 DCT Coder

In the DCT coder, the Discrete Cosine Transformation process and the Quantization
process are defined exactly the same as SM3 Algorithm both in the case of Intra-coded
Block, and Nonintra-coded Block.

The quantization stepsize is determined for every intra-coded Macroblock (MQuan).
In the MQuant calculation process, the average of the non-zero AC coefficients (acAverage)
is obtained and compared with the quantization step size (gSlice) determined by the Rate-
Controller for each Slice of Macroblocks :

if (acAverage<gqSlice) {
MQuant = (acAverage*3+qSlice+2)/4;
if (MQuant<3)& &(qSlice>=3)) MQuant = 3;
J

else if (acAverage>qSlice) {
MQuant = (acAverage*Weightl+qSlice*(10-Weight1)+5) I 10;
if (MQuant>31) MQuant = 31;
J

where Weight! equals to 5 for 4Mbps coding, and value 2 for 9 Mbps coding.

For every nonintra-coded Macroblock, Conditional Replenishment (CR) method is
used for better utilization of bits. Basically, this method examines all the DCT coefficients of
the transformed block before quantizing the block. If all coefficients are smaller then 1.5
times of the quantization step size used, all coefficients are quantized to zero; otherwise, the
coefficients are quantized normally.

The Inverse Quantization process and the Inverse DCT process are also included in
the DCT coder to perform local decoding of the Block to be placed into the reference Frame
Memory for the case of I-Frame and P-Frame. - '

11
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2.11 DPCM Coder

The DPCM Coder which processes Edge Blocks consists of the Spatial Predictor (in
the DPCM process) and the B-Quantizer. An Adaptive Spatial Predictor is employed for the
Intra-coded Blocks, and the standard predictor used by the motion compensation process is
employed for the Nonintra-coded Block. The process of prediction and quantization are
performed pixel by pixel sequentially. The Adaptive Spatial Predictor for the Intra-coded
Block is given as :

for (i=0; i<BlockHeight; z++)
for (j=0; j<BlockWidth; j++) {

pattern = 0;

Slope = ReconstructedBlock[i][j-1] - ReconstructedBlock[ iJ{j-2];

if (Slope>Thresholdl ) pattern += 8,

Slope = ReconstructedBlock{i-1][j] - ReconstructedBlock[i-1]{j-1];
if (Slope>Thresholdl) pattern +=4;

Slope = ReconstructedBlock(i-1]{j] - ReconstructedBlock{i-2][j];

if (Slope>Thresholdl) pattern += 2;

Slope = ReconstructedBlock[i]{j-1] - ReconstructedBlock[i-1][j-1];
if (Slope>Thresholdl) pattern += 1;

xWeight = PredictionPattern{pattern][0];
yWeight = PredictionPattern{parternj[1];

prediction =
(ReconstructedBlock[i][j-1 ]*xWezght+ReconstructedBlock[ i-1][j]*yWeight) |
(xWeight+yWeight);

QuantizedBlock[i}[j] = BQuantize (Block[i]{j]-prediction);
ReconstructedBlock(i][j] = InverseBQuantize (QuantizedBlock[i][j]);
J

Note that reference to previous reconstructed neighboring Block is necessary for the
prediction process. The value of Thresholdl is set at 35 for Luminance Block, and at 15 for
Chrominance Block. The value of PredictionPattern is given as :

int PredictionPattern{16]{2] = {
(1,1}, (1,0), (1,1), (1,0), (1,1), (1,1), (1,1), (1,1},
(1,1),(1,1), (1,1),(1,1),(0,1), (1,1), (1,1), (1,1)

R

The Spatial Predictor for the Nonintra-coded Luminance and Chrominance Block is much
simpler :

prediction = MotionDisplacedBlock{i][j];

where the MotionDisplacedBlock is either the forward predicted, backward predicted, or
interpolated block obtained from reference frame(s).

As for the B-Quantizer, the equation for quantizing prediction error (E) of Intra-coded
Block is given by :

quantizedValue = (mt)(m 0.01) x Sign (E); 4))

12
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1 E>0
where Sign (E) = {0 E=0
-1 E<0

and for Nonintra-codedBlock is given by :

T

quantizedValue = (int)(~—55— - 0.5) x Sign (E); 2

The value of B is determined by the calculated quantization step size for the slice (gSlice), the
Block type, and the MQuant. It is calculated by following steps :

qStep = qSlice;

if (MQuant<qStep) qStep = MQuant; I* for Intra-coded Block Only */
B = gqStep * (0.1875) + Boffset;

if(B<l7)B=17;

The value of Boffset is set at 0.625 for Intra-coded Luminance and Chrominance Block, and
1.125 for Nonintra-coded Luminance and Chrominance Block.

The steps for performing the Inverse B-Quantization for Intra-coded Block are :

n = [quantizedValuef;
inverseQuantized = (int)( (n2+n) x B2 ) x Sign (quantizedValue); 3)

and for Nonintra-coded Block are :

n = [quantizedValue/;
if(n==0)k=0;elsek=1;

inverseQuantized = (int)( (n? +n+%i) * B2 ) x Sign (quantizedValue);. 4)

2.12 Run-Length Encoder (Zig-Zag Scan)

The quantized block from either the DCT coder or the DPCM coder basically consists
of many zero coefficients and few small non-zero coefficients which can be run-length
encoded efficiently. The run-length encoding method and the Zig-Zag Scan Pattern used in
SM3 method have been selected.

2.13 Variable Length Coder (VLC)

The Variable Length Coder does the job of huffman coding of the run-length encoded
coefficients and all side information. All variable length codes followed the ISO/WG11
MPEG Paris Meeting (May 1991) version of the MPEG CD Syntax; however, in order to
support the new Macroblock Type described in this Proposal, several new data elements
were created and inserted into the bit stream syntax. Furthermore, to improve the coding
efficiency of the run-level codes from the Run-Length Encoder, two set of VLC tables are
used for the Intra-coded and the Nonintra-coded Macroblocks. The two set of VLC tables
were optimized from statistics gathered from the two types of Macroblocks, and each
contains unique ESC code and EOB code. The bit stream specification which includes the
exact VLC/FLC tables used is described in section 3 "Description of the Bit Stream Syntax".
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2.14 Rate Controller

The basic design of the Rate Controller which determines the quantization step size
for the DCT and DPCM Coder is very similar to the SM3 Rate Controller. There are
however some modifications. The objectives of the modifications are : (1) to provide better
error distribution within every frame, and (2) to have control of bits distribution among the I,
P, and B frames. The detailed operations in the Rate Controller can be described as :

/*
F = Frame Type (I, P, or B);
B = BI, (for First B-Frame)
B = B2; (for Second B-Frame)

Ratio Controlfl] = 10;
Ratio_Control[P] = 8;
if (Target Rate==4 000 000) Ratio_Control[B] = 12;
if (Target Rate==9 000 000) Ratio_Control[B] = 10;

Slice = (Total Number of Slices in a Frame);

gMin = (Minimum Quantization Step Size for the Frame);
Slice_Count = (Total Number of Bits Used to Code i-th Slice);
gSlice = (Quantization Step Size Calculated for i-th Slice),

Initial Guess For : 4Mbirsls 9Mbirs/s

Last Count[I] = 462 000 690 000
Last Count[P] = 230000 490 000
Last Count[B] = 56 000 180 000

*/

if((F==1)&&(gMin{lI]>gMin[P])) gMin[l] = gMin[P];

if (F==B) qMin[B] = gMin[P] * Ratio_Control[B] | Ratio_Control{P];
gmin = gMin{F];

gmax = 31;

Estimated_Rate = (Last_Count{I]*5 + Last_ Count[P]*15 + Last Count[B]*40)/2;
Slice_Estimate = Last Count[F] * (Targer_Rate/Estimated Rate) | Slice;

for (gMean=0, i=0; i<Slice; i++){ I* For Each Slice */

qSlice = (Buffer Count)//(1024*8) + 1;
gSlice = qSlice * Rario_Control{F] | 10;

if (qSlice>gmax) qSlice = gmax;
if (gSlice<gmin) gSlice = gmin;

CODING_ONE _SLICE ();

" gMean += gSlice;
Buffer Count += Slice_Count - Slice_Estimate;
if (Buffer_Count<0) Buffer Count = 0,

if ((Buffer_Count==0)& &(qmin>3)) gmin--;

}else if ((Buffer_Counr>0)& &(qmin<qMin{F])) gmin++;
gmin = (qMean+C)/fSlice - 1; *  where C = (Slice-10) */
if (F==B2)& &(qmin<gMin{B2])) {

gMin[P]--; 4

j'f(inn[P]<3) gMin[P] = 3;

gMin{F] = gmin;

14
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3. DESCRIPTION OF THE BIT STREAM SYNTAX
3.1 Syntax Explanations .

The bit stream syntax of the Present proposal is very similar to the ISO/WG11] MPEG
Paris Meeting (May 1991) and Santa Clara Meeting (August 1991) version of the MPEG
Video CD Syntax [3]; however, some modifications were made at the Macroblock Layer and

most of the code ‘tables (start codes, pel_aspect_ratio,, picture_rate, time_code,
picture_coding_type, €tc) remained unchanged. The syntax diagrams are included in this -
document (Section 3.2 ~ 3.7) for reference.

The several modifications to the bit stream syntax are :

Group of Pictures Layer :

two_vlc_tables -- Derived from group_extension_data ( if any of the received
“group_extension_data" byte == "0000 0001" ). This parameter is used to indicate to the
decoder that the two proposed VLC tables are to be used each to decode the Intra-coded
Macroblock run-level coefficients and the Nonintra-coded Macroblock run-level coefficients,
If this parameter is not set for the group of pictures, the default (SM3) VLC tables for the
run-level coefficients are used.

MPEG?2_extension -- Derived from the group_extension_data ( if any of the received
“group_extension_data" byte == "0000 0010"). This parameter is used to indicate to the
decoder that the extended Macroblock Type for MPEG2 bit stream is used.

cell_loss_resilience_mode -- Derived from the group_extension_data ( if any of the
recetved "group_extension_data" byte == "0000 0011" ). This parameter is used to indicate
to the decoder that pictures are coded in cell loss resilience mode. In cell loss resilience
mode, the proposed new variable length code table (table 4.1b) for absolute and relative
Macroblock address (MBA) is to be used to decode the bit stream. If this parameter is not
set, the pictures are coded in normal “non-cell-loss-resilience mode”, and the default (SM3)
MBA table (table 4.1a) is used. ‘

Picture Layer :

. global_motion_horizontal -- Derived from first received extra_information_picture byte
(4 msb). This parameter is a integer value ran ges =7 (offset decoded value by -7) indicatin g
the global horizontal motion of the second field in the Intra-coded Frame relative to the
reference Intra Frame (first field + interpolated second field from the first). It is used to
inverse shifting the decoded second field of the Intra-frame horizontally. This parameter is
only valid for I-Frames.

global_motion_vertical -- Derived from the first received extra_information_picture byte
(41sb).  This parameter is a integer value ranges +7 (offset decoded value by -7) indicating
the global vertical motion of the second field in the Intra-coded Frame relative to the reference
Intra Frame (first field + interpolated second field from the first). It is used to inverse
shifting the decoded second field of the Intra-frame vertically. This parameter is only valid
for I-Frames.

15
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Macroblock Layer (refer to syntax diagram) :

interlaced_macroblock_type -- This is a one-bit flag following the macroblock_type
code indicating the Luminance Block sampling and the Chrominance Block subsampling
type. If itis set to "1", the field coding method is used for the Macroblock.

interlaced_motion_forward -- If macroblock_motion_forward is detected from the
macroblock_type, this one-bit flag is present after the interlace_macroblock_type code to
indicate whether or not the Interlaced Motion Vector (IMV) is used for forward motion
prediction. If this flag is set to "1", two forward motion vectors (one for each field) will be
received for the Macroblock. On the other hand, if this flag is "0", only one forward motion
vector (VLC as in MPEG-I CD) is used to code the Macroblock.

interlaced_motion_backward -- If macroblock_motion_backward is detected from the
macroblock_type, this one-bit flag is present to indicate whether or not the IMV is used for
the backward motion prediction. If this flag is set to "1", two backward motion vectors (one
for each field) will be received for the Macroblock.

adaptive_coded_type -- This is a 1-bit flag to indicate whether or not the Macroblock is
coded adaptively by the DCT/DPCM coder. If this is set to "0", all blocks in the Macroblock
are DCT coded.

adaptive_coded_block_pattern -- If the adaptive_coded_type code is "1", the 6-bits
adaptve_coded_block_pattern is followed with each bit indicating the block position of the
DPCM coded blocks in the Macroblock. (eg. first received bit is "1", the first block in the
Macroblock is DPCM coded, and so on.)

motion_horizontal_forward_code_2, motion_horizontal forward r 2,
motion_vertical_forward_code_2, & motion_vertical_forward r 2 -- these codes
are present if the interlaced_motion_forward is "1" to represent forward motion vector (2)
for the second field. The specifications of these codes are same as
motion_horizontal_forward_code, motion_horizontal_forward_r,
motion_vertical_forward_code, and motion_vertical_forward_r respectively which are in this
case represent the forward motion vector (1) of the first field. The forward motion vector 1
is delta coded with reference to the forward motion vector or forward motion vector 1 of the
previous Macroblock (reset if previous Macroblock is skipped); and the forward motion
vector 2 1s delta coded with reference to the forward motion vector 1 of the same
Macroblock.

motion_horizontal_backward_code_2, motion_horizontal_backward _r 2,
motion_vertical_backward_code_2, & motion_vertical_backward_r 2 -- these
codes are present if the interlaced_motion_backward is "1" to represent backward motion
vector (2) for the second field. The specifications of these codes are same as
motion_horizontal_backward_code, motion_horizontal_backward_r,
motion_vertical_backward_code, and motion_vertical_backward_r respectively which are in
this case represent the backward motion vector (1) of the first field. The backward motion
vector 1 is delta coded with reference to the backward motion vector or backward motion
vector 1 of the previous Macroblock (reset if previous Macroblock is skipped); and the

backward motion vector 2 is delta coded with reference to the backward motion vector 1 of
the same Macroblock.

Block Layer :

coded_coeff_first & coded_coeff next -- These are variable length codes according to
Table 4.5c-e in section 4.5. They are the same vic obtained from MPEG-I CD
dct_coeff_first and dct_coeff_next except that they are used to variable length code the run-
level codes output from the DCT coder or the DPCM coder.

16
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intra_coded coeff -- A variable length code accordmg to Table 4.5f-h in section 4.5. If
two_vlc_tables code is set to "1" at the group of pictures layer, this code is used to represent
the run-level output of the DCT/DPCM coder for the Intra-coded Macroblock.

nonintra_coded_coeff -- A variable length code according to Table 4.5i-1 in section 4.5.
If two_vIc_tables code is set to "1" at the group of pictures layer, this code is used to
represent the run-level output of the DCT/DPCM coder for the Nonintra-coded Macroblock.

end_of_block -- In stead of the fixed code of "10", if two_vlc_tables code is set to "1" at
the group of pictures layer, end_of_block code is defined differently for the Intra-coded and
Nonintra-coded Macroblock as according to Table 4.5h and Table 4.51. (Not that the escapc
code is modified for Intra-coded and Nonintra-coded Macroblock.)

3.2 Video Sequence Layer

START CODES
Name Hexadecimal Value
picture_start_code 0000 0100
slice_start_codes (including 0000 0101
slice_vertical_positions)

through

0000 O1AF
reserved 0000 01B0O
reserved 0000 01B1
user_data_start_code 0000 01B2
sequence_header_code 0000 01B3
sequence,_error_code 0000 01B4
extension_start_code 0000 01BS
reserved 0000 01B6
sequence_end_code 0000 01B7
group_start_code 0000 01B8
system start codes 0000 01B9

through

0000 O1FF
FUNCTION next_start_code
next_start_code () {

while ( !bytealigned() )
zero_bit 1 "0"
while ( nextbit() = "0000 0000 0000 0000 0000 0001')
zero_byte 8

"00000000"
]

video_sequence() {
next_start_code ()

group_of_pictures () :
} while ( nextbits() = group_stari_code )
) while ( nextbits() == sequence_header_code ) »
3eq uence_end_code 32 bits  bslbf
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sequence_header Q) {

sequence_header_code

horizontal_size

vertical_size

pel_aspect_ratio

picture_rate

bit_rate

marker_bit

vbv buffer size .

constrained_ _parameter_flag

load_intra quantlzer matrix

if (load_intra_quantizer_matrix )

. intra_quantizer_matrix[64]

load_non_intra quatlzer matrix

if (load_non_intra_quantizer_| ‘matrix )
non_intra_quantizer_matrix[64]

next_start 1_code()

if (nextbuso = extension_start_code ) {
extension_start_code
while ( nextbits() '= ‘0000 0000 0000 0000 0000 0001" ) {

sequence_extension_data

next_start_code ()

if ( nexibits() == user_data_start_code ) {
user_data_start_code
while ( nextbits() = '0000 0000 0000 0000 0000 0001") {
user_data

next_start_code ()

)

32 bits bslbf

12
12
4
4
18
1
10
1
1

8*64

1

8*64

32
8

32
8

uimsbf
uimsbf
uimsbf
uimsbf
uimsbf

L] 1 ”
uimsbf

uimsbf
uimsbf

bslbf

bslbf

3.3 Group of Pictures Layer

group_of_picture Q (

group_start_code

time_code

close_gop

broken_link

next_start_code ()

" if ( nextbits() = extension_start_code ) {
extension start_code
while ( nexibits() != ‘0000 0000 0000 0000 0000 0001" ) {
group_extension_data

)

next_start_code ()

if (nextbits() = user_data_start_code ) {
user_data_start_code
while ( nextbitsQ) !='0000 0000 0000 0000 0000 0001") {
user_data

next_start_code ()

}
do {

picture

} while ( nextbits() == picture_start_code )
}

32 bits  bslbf

25
1
1

32

32

bslbf

bslbf
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Coded Coefficients

11/1391

Table 4.5a. Variable length codes for det_dc_size_luminance.

VLC code det_dc_size luminance

100

00

01

101

110
1110
11110
111110
1111110

0

00 A OV B W) e

Table 4.5b. Variable length codes for dct_dc_size_chrominance

VLC code
00

01
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1110
11110
111110
1111110
11211110

det_dc_size chrominance -
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Table 4.5d. SM3 variable length codes for coded_coeff_first and coded_coeff_next

(continued). Table 4.5¢. SM3 variable length codes for coded_coeff

(continued), g | _first and coded_coeff_next
coded_coeff_first and run level ]
coded_coeff next VLC code coded_coeff_first and run level

coded_coeff_next VLC code
0000 0001 1111 s 17 1
0000 0001 1010 s 18 1 0000 0000
0000 0001 1001 s 19 1 oooooooooc::~m ! 8

0011 110 s 1 9

0000 0001 0111 s 20 1 0000 0000 0011 101 s 1
0000 0001 0110 s 21 1 10

0000 0000 0011 100 s 1 11
0000 0000 11010 s 0 12 0000 0000 0011 011 s 1
0000 0000 1100 15 0 13 0000 0000 0011 010 s 1 3
0000 0000 11000 s 0 14 0000 0000 0011 001 s 1 3
0000 0000 1011 1 s 0 15 0000 0000 0001 0011 s 1 s
0000 0000 1011 0s 1 0000 0000 0001 0010 s 1 2
0000 0000 1010 1's 1 16

0000 0000 0001 0001 s 1 17
0000 0000 10100 s 2

0000 0000 0001 0000 s 1 18
0000 0000 1001 15 3

0000 0000 0001 0100 s 6 3
0000 0000 1001 0's 5

0000 0000 0001 1010 s 11 2
0000 0000 10001 s 9

0000 0000 0001 1001 s 12 2
0000 0000 10000 s 10

0000 0000 0001 1000 s 13 2
0000 0000 1111 1 s 22

0000 0000 0001 0111 s 14 2
00000000 1111 0s 23

0000 0000 0001 0110 s 15 2
0000 0000 11101 s 24

0000 0000 0001 0101 s 16 2
0000 0000 11100 s 25

0000 0000 0001 1111's 27 1
0000 0000 1101 1 s 26

0000 0000 0001 1110 s 28 1
0000 0000 0111 11 s

0000 0000 0001 1101 s 29 1
0000 0000 0111 10s 0000 0000
0000 0000 0111 01 s 11005 30 !

0000 0000 0001 1011 s 31 1

0000 0000 0111 00 s
0000 0000 0110 11 s
0000 0000 0110 10 s
0000 0000 0110 01 s
0000 0000 0110 00 s
0000 0000 0101 11 5
0000 0000 0101 10's
0000 0000 0101 01 s
0000 0000 0101 00 s
0000 0000 0100 11 s
0000 0000 0100 10 s
0000 0000 010001 5
0000 0000 0100 00 s
0000 0000 0011 000 s
0000 0000 0010 111's
0000 0000 0010 110 s

CO0O000OO0OOCO0OOOVOOOO0OOC

0000 0000 0010 101 s 35
0000 0000 0010 100 s 36
0000 0000 0010 011 s 37
0000 0000 0010 010 s 38
0000 0000 0010 001 s 39
0000 0000 0010 000 s 40
29
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5. IMPLEMENTATION

5.1 Overview

The main parts of the encoder and the decoder are the same as MPEG 1 system,
because the Matsushita proposal is basically a superset of MPEG-I: now even some
extensions to the main blocks and additional modules are necessary for achieving the
proposed algorithm. These extended functions and modules in the encoder can easily be
switched from MPEG-I to MPEG-II and vice versa. In the decoder, MPEG-I bitstream can
be decoded as well as MPEG-IL ' :

5.2 System Block Diagram

" Figure 5.2a and 5.2b show the encoder system block diagram and decoder system
block diagram. The encoder consists of an A/D, a Frame memory, a buffer, a Motion
detection module and an encoder LS. The decoder consists of a buffer, a Frame memory,
and a D/A. The sizes of the frame memory and coded buffer for the encoder and the decoder
are shown in table 5.2. '

Coded data buffer size
Frame memory bit rate
number size 4Mbps 9Mbps
Encoder 6 frame 4.15Mbyte | 630Kbit 790Kbit
Decoder 3 frame 2.03Mbyte | 630Kbit 790K bit

Table 5.2 Size of Frame memory and Coded data buffer

The block diagram of the encoder LSI, that is the main part of the encoder, is shown
in Figure 5.2c. Comparing with MPEG-I, some modules are extended, these are the
quantizer for DCT, VLC and Motion compensation. Besides these, some new modules are
added. These are Interlace detection, Edge detection, Block sampling, Block reconstruction
and DPCM. The block diagram of these additional modules except Block reconstruction are
shown in Figure 5.2d, 5.2, 5.2f, 5.2g. Block reconstruction is the reversed process of
Block sampling. The block diagram of the Decoder LSI is shown in Figure 5.2h. On the
decoder, the additional module is only Inverse DPCM.

5.3 Functional description of the encoder
5.3.1 Motion Detection module
This block consists of two portions.
1 Motion vector calculation

Three kinds of motion vectors as follows are calculated using original pictures stored

in the frame memory.
- Inter-field Motion vectors for I frame

Block Size 16x8, full pel resolution, search area of +-7 pixel
- Frame based Inter frame motion vectors

Block size 16x16, half pel resolution, telescopic search,

search area +-15.5 pixel/frame
- Field based Inter frame motion vectors

Block size 16x8, half pel resolution, telescopic search,

search area +-15.5 pixel/frame
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2) Global Motion Vector calculation

For Intra frame field motion compensation , Global motion vector is calculated by
taking the average of the inter field Motion vectors which occupy more than 40% of all
vectors for x and y. The two kinds of inter frame motion vectors and the global motion
vectors are transmitted to the Motion compensation module and the VL.C module.

5.3.2 Frame memory

Input video data are buffered and converted from raster scan format to progressive
scan format. An address generator is included and the starting address and timing is
controlled by CPU.

5.3.3 Motion Compensation Module

In this module, Motion compensation is performed and the macroblock type is
decided.

1) Calculate the difference between the current block and the moton displaced block.
For motion displaced block in P and B frame, oversampling is done.
For B frame, Interpolated block is generated.
Address controller which generates the starting address offset by motion vector is in this
module. The synchronization between input and output is controlled by the CPU.
2) Calculate energy of each macroblock ( Luminance only ).
3) Decide macro block type using the energy calculated above.
For I frame, macro block type is always Intra.
4) Output residual and the motion displaced block coincide with macro block type.

5.3.4 Interlace Detecion Module

This module includes energy calculation units and some hardwares for comparison on
purpose of detecting the rapid motion of each macroblock. The input is the current block and
the output is the information about which type of coding (field or frame) should be done.

1) Calculate 2 kinds of square error of the macroblock luminance area.

- between the even and the odd line pairs

- between the consecutive odd line pairs and the consecutive even line pairs
2) Compare them with thresholds.

Thresholds are fixed for all sequences and bit-rates.

5.3.5 Edge Detection Module

The block that includes edge is detected. This module consists of AC energy
calculation functions, edge judgement units , and a memory to store AC energy of
surrounding blocks. CPU manages timing for input data and output results.

For luminance,
1) Calculate AC energy on each input 8x8 block.

2) Compare them with some thresholds and output the results to the block sampling module
and the VLC module.

For chrominance,
If any of the luminance block in the same macroblock is detected to contain an edge, then
1) Calculate the AC energy of chrominance block.
2) Compare them with threshold then output the results.
Thresholds are fixed for all sequences and bit-rates.
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5.3.6 Block Sampling Module

This module contains 2 block memory, filter for chrominance and selector.
1) Sample the macroblock into four 8x8 blocks using Interlace detection information.
That is achieved by changing the order of data with 2 block memory.
2) For Chrominance, vertical sampling with a linear filter is performed after procedure 1).
3) Transmit blocks that include edge to the DPCM module, and the others without edges to
the DCT module. .

5.3.7 DCT Module

1) The Discrete Cosine Transform and Inverse DCT are applied on each 8x8 block.-

2) The quantization and the inverse quantization are performed to DCT coefficients. ‘
The stepsize is determined for every intra-coded Macroblock from the average of AC

coefficients and the quantizaton parameter generated by Rate Controller.

5.3.8 DPCM Module

‘This module consists of adders, predictor having fixed table for generating predictive
coefficients, memory for storing neighbor pixels, quantizer, and inverse quantizer. The
DPCM coding is processed on edge blocks as follows : :

For Intra coded block,
1) Calculate difference between current pixel and prediction.
2) Quantize and Inverse quantize.

The stepsize is determined from the quantization parameter generated by Rate Controller.
The calculated macroblock quantization parameter (MQuant) is output to VLC module. All
parameters used for generating stepsize are constants for all sequences.

3) Reconstruct coded pixels and output to the reconstruction block and to the internal
memory.

4) Generate the prediction by referring to the neighboring pixels previously coded and stored
in the local memory (2 full lines and § lines x 2 pixels).

For the nonintra-coded block,

Skip procedures 1), 3), 4), because the difference between current and the motion displaced
block is coded.

5.3.9. Block reconstructon Module

1) Muldplex locally decoded block from DCT and DPCM block.

2) Interpolate the chrominance by using linear interpolating filter.

3) Reorder the pixels with 2 block memory.

4) Reconstruct macroblock by adding the motion displaced macro block and the coded
residual.

The components of this module is almost the same as the block sampling module.

5.3.10 VLC Module

1) Multiplex coefficients from DCT and DPCM block.
2) Zig-Zag scan and run-level variable length encode. (coefficients)

There are three run-level tables, for Intra coded block, non-Intra coded block, and for
MPEG-I streams.

3) Variable length encode. (side information)

Motion vectors, macro block type, DC coefficients, coded block pattern, macro block
address are variable length encoded.
4) Format VLC data to bitstream. . .
This module has variable length code tables mentioned above and also the code word length
tables for formatting data.
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5.3.11 Rate Controller & CPU Module

CPU works as Rate controller and besides that it controls the timing between all
modules and higher level timing such as Picture layer, GOP layer, Slice layer and so on.
Rate control process is as follows.

1) Count the quantity of the buffer fullness.

2) Feedback quantization parameter to the quantizer.

As initial values and the other parameters used are defined for each bit-rates, it is easy for the
decoder to set the same value without transmitting these parameters.

5.3.12 Frame memory (coded) 4 ,
For local decoding, frame memory is necessary for Intra and Predictive frames.
Address generators are included and starting address is controlled by CPU.
5.4 Functional description of the decoder
5.4.1 CPU Module

CPU manages the timing of all modules and it regenerates the stepsize of quantizer
behaving just the same as the Rate Controller of the encoder.

5.4.2 VLD Module

1) De-format bitstream and variable length decode.
Decoded data except coefficients are output to appropriate modules.
Coefficients are processed as follows.
2) Zig-Zag de-scan and run-length decode.
3) Demultiplex to IDCT or IDPCM module.
This module includes variable length code tables and the code word length tables for de-
formatting data.

5.4.3 IDCT Module

Inverse quantization and Inverse Discrete Cosine Transform is processed.
This module is exactly the same as the local decoder.

5.4.4 IDPCM Module
Inverse Quantization and reconstruct pixels.

This module consists of Inverse quantizer, Adder, memory and predictor. The procedures are
the same as the local decoder. ‘

5.4.5 Block Reconstrucdon Module

This module is totally the same as the one in the encoder.

5.4.6 Motion Compensation Module

In this block, the motion displaced block is reconstructed using motion vectors and
the macroblock type information transmitted from the encoder.

5.4.7 Frame memory

For reconstructing B frame, two frame memories to store Intra and Predictive frames -
are necessary and there is one more additional frame memory for display. '
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Matsushita Proposal Description

7.2 Cumulative Bit Count

a) Flower Garden (4M) (1 gop approximately = 0.4 second)
Number of bits used for 1 gop is 1666688
Number of bits used for 2 gops is 3266760
Number of bits used for 3 gops is 4873072
Number of bits used for 4 gops is 6472248
Number of bits used for S gops is 8070696
Number of bits used for 6 gops is 9661376
Number of bits used for 7 gops is 11251032
Number of bits used for 8 gops is 12838768
Number of bits used for 9 gops is 14523744
Number of bits used for 10 gops is 16089600
Number of bits used for 11 gops is 17673040
Number of bits used for 12 gops is 19256192

b) Table Tennis (4M)

Number of bits used for 1 gop is 1671304
Number of bits used for 2 gops is 3329800
Number of bits used for 3 gops is 4886672
Number of bits used for 4 gops is 6574040
Number of bits used for 5 gops is 8170824
Number of bits used for 6 gops is 9698512
Number of bits used for 7 gops is 11197752
Number of bits used for 8 gops is 12765664
Number of bits used for 9 gops is 14254056
Number of bits used for 10 gops is 15837168
Number of bits used for 11 gops is 17529456
Number of bits used for 12 gops is 19142216

¢) Mobile & Calendar (4M)

Number of bits used for 1 gop is 1651472
Number of bits used for 2 gops is 3233280
Number of bits used for 3 gops is 4842488
Number of bits used for 4 gops is 6435216
Number of bits used for 5 gops is 8041168
Number of bits used for 6 gops is 9653896
Number of bits used for 7 gops is 11271208
Number of bits used for 8 gops is 12864776
Number of bits used for 9 gops is 14436536
Number of bits used for 10 gops is 16026680
Number of bits used for 11 gops is 17644568
Number of bits used for 12 gops is 19214424

d) Flower Garden (9M)

Number of bits used for 1 gop is 3593224
Number of bits used for 2 gops is 7192408
Number of bits used for 3 gops is 10755432
Number of bits used for 4 gops is 14293264
Number of bits used for 5 gops is 17856512
Number of bits used for 6 gops is 21411576
Number of bits used for 7 gops is 24919912
Number of bits used for 8 gops is 28460224
Number of bits used for 9 gops is 32181120
Number of bits used for 10 gops is 35736920
Number of bits used for 11 gops is 39312248
Number of bits used for 12 gops is 42836672
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