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1 Introduction

Hybrid coding which is a combination of prediction coding and transform coding is one of
the most popular techniques, and it is adopted to many international standards. (ISO /MPEG
phase—1, CCITT/H.261, CCIR—CCITT/ CMTT/R.723) In this algorithm, redundancy for
time axis is reduced with Motion Compensated Interframe Coding(MC), and transform coding
(most commonly DCT) is used to reduce spatial redundancy. The hybrid schemes are powerful
methods, and therefore we start with SM3 which belongs to one of these hybrid coding schemes.

In this algorithm, operations such as MC and DCT are carried out by block by block basis,
.50 blocking effect can be observed at lower bit rate. To avoid this blocking effect, we propose
to replace DCT with Multi—Resolution Representation(MRR) Transform. MRR transform is
a kind of sub—band coding, in which the lowest band is divided repeatedly. If the same filter
bank is used at every stage and satisfy regularity condition[Daubechies:1], this transform is
”Wavelet Transform”[Mallat:1,2]. MRR or Wavelet transforms do not produce blocking effect,
since its transform bases are overlapped each other. Moreover, transform bases for higher
frequencies become shorter in MRR, and mosquito noise is reduced by adopting MRR instead
of DCT.

In most cases, MRR has been applied out of coding loop, but in this proposal, we set it
inside the loop to keep the general architecture of SM3. Therefore, our proposal preserves
most part of the elements in SM3.

For prediction part, there are two issues. These are how to deal with interlace signal
and how to reduce blocking effects due to motion compensation by block matching technique.
For the former, we add interfield prediction to SM3. Obviously, the interfield coding is more
effective than field independent codings. To prevent increase of the number of prediction
modes, we put some restriction for macro—block type. Allowable prediction mode is 1, 4, 7
for I, P, B—field, respectively. This concept is based on an idea from Mr.Nishikawa et al.,
Mitsubishi corp. (It was only presented in J apanese({Nishikawa:1].)

The prediction mode is selected for each macro block in SM3, so blocking effect appears
both on prediction and prediction error pictures. This reduces coding efficiency of MRR
whose transform basis span several prediction blocks. Therefore, we use "overlapped pre-
diction” method. The method does not produce blocking effect, and it is suitable for MRR
transform[Ohta:1].

Another technique we use is adaptive quantization for macro biock. Quantization scale is
controlled by AC power of original picture. The idea is from Mr.Katayama, GCT.

Features of our algorithm can be summarized as follows:

. Conventional hybrid scheme (SM3 like),

. Multi Resolution Represent Transform(MRR) is adopted for transform,
. Overlapped prediction ,

. Intra—field mode is added to SM3,

. Adaptive quantization for macro—block.
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2 Algorithm

2.1 Total System

A block diagram of the proposed system is shown in Figure 1. The outline is the same as
that of SM3. Basically, an interfield prediction coding reduces temporal redundancy. In the
coding loop, transform(MRR) is applied to reduce spatial redundancy.

Motion vectors are estimated and used for prediction. Variable Length Coder(VLC) en-
codes quantized transform coefficients and the motion vectors.

Source format is CCIR Rec.601. No sub—sampling is performed, and the picture size is
704pel*240lines/field for luminance, 352pel*240line/field for chrominance.

2.2 Prediction Mode

I,P,B picture are defined in SM3, where LLP and B means ”Intra”,” Predictive”, and ”Bidi-
rectional”, respectively. I pictures appear cyclically for random accesability, and its interval
is 12 frames. This means N=12 in terms of SM3. P pictures appear in every two frames, so
M=2. In our proposal, odd field and even field are coded in different manners, so it is useful
to consider six types of fields, namely I—odd, I—even, P—odd, P—even, B—odd and B—even
field.

Basically, prediction mode for each Macro—block is the same as that of SM3, but some
additional modes are available. These modes are interfield prediction and average prediction.
For example, interfield prediction can be selected for I—even field, and interfield prediction and
average prediction of inter—field and frame is added to P—picture. These modes are shown at
Table.1 and Figure.2.

Table.1: Prediction Modes

I—odd field:
Intra field mode(I)

I-even field:

Intra field mode(I)
Inter field in frame mode(f)

P—-odd field:

Intra field mode(I)

Forward inter frame mode(F)
Inter field over frame mode(Fx)
Average of F and Fx mode (AFF)

P—even field:

Intra field mode(I)

Forward inter frame mode(F)
Inter field in frame mode(f)
Average of F and f mode(AFf)

B-odd field:

Intra field mode(I)

Forward inter frame mode(F)
Backward inter frame mode(B)
Forward inter field mode(Fx)
Average of F and B mode(A)
Average of Fx and B mode(Ax)



B-—even field:

Intra field mode(I)

Forward inter frame mode(F)
Backward inter frame mode(B)
Backward inter field mode(Bx)
Average of F and B mode(4)
Average of Bx and F mode(Ax)

2.3 Overlapped Prediction

In conventional coding, prediction is carried out by block—by—block basis. However, it
is not appropriate for overlapped transforms such as LOT, MDCT, subband coding , wavelet
coding and MRR. For these blockless transforms, blockless prediction is required.

In our proposal, an overlapped prediction is adopted. Prediction blocks are overlapped
with each other, and predicted signals are multiplied with a window function.(See Figure 3.)

2.4 Transform

Prediction error picture is transformed by MRR (Multi Resolution Representation). It is
well known that MRR is realized with a subband filter bank as is shown in Figure 4, where the
lower subband is divided iteratively. In terms of transform coding, MRR means overlapped
transform coding in which block size becomes larger for lower frequency. If the same filters
are applied in each filter bank, and if they satisfy satisfies some mathematical conditions, this
MRR is called "Wavelet transform” [Mallat:1,2,Daubechies:1].

In our proposal, transform is carried out in four stages. In each stage, the signal is divided
both horizontally and vertically except for the first stage where only horizontal division is
performed. Daubechies’ four tap ﬁlters(D4) are used in a filter bank, but in the last stage,
H2(two taps Hadamard filter) is applied instead of D4(See Figure 5). For chrominance signals,
the first stage is eliminated.

The filter bank shown in Figure 5 means spatial frequency division as shown in Figure
6. Each subband has a different resolution, and transform coefficients are considered as tree
structured data. (See Figure 7.) Each luminance tree has 128 coefficients and chrominance
has 64.

2.5 Quantizer

Quantization is done after the transform. The quantizer characteristic is linear and its
step (size is defined weighting factor(wf), macro block adaptive Q scale(M_Q), and field Q
scale(F_Q).

step size = wf * M_Q * £_Q

The weighting factor, wif, is shown in Table 7. M_Q is defined by the AC power of original
picture.(See Table 6.) F_Q is controlled by buffer controller.

2.6 Macro—block

In our proposal, macro block is defined as in Figure 9. 16*8 of luminance and 8*8 of
chrominance pels make up a macro block. This block size coincides with the number of
transform coefficients of tree structured data.

For each macro block, an appropriate prediction mode and motion vectors are chosen.



2.7 VLC/VLD

Basically, VLC and VLD is the same as in SM3, though there are two points that differ.
Firstly, the number of macro_block_type increases. Secondly, methods of coefficients scanning
is quite different.

A macro block header includes "prediction mode”, "motion vectors” and ” Coded/Non_coded

flag” whose code table are shown in Table 3,4 and 5. For skipped macro blocks in B—field,
Macro block address increment code is used.(See Table 2.)

As described in section 2.4, transform coefficients can be considered as a tree struc-
tured data. Scanning order is defined from lower layer to higher as shown in Figure 8.
Zero—run—length and quantized index are encoded mutually and independently. For the
last zero—run, EOT(End of Tree) code is allocated. The code tables of the zero run length
and quantized index are switched for each layer. The code tables are shown in Table 8,9.

3 Functionality

3.1 Compatibility

Our algorithm does not have a compatibility, but can be embedded in a compatible codec.
3.2 Random Access
Random access is realized by using I—fields which appear in every 24 fields.

3.3 Encoding and Decoding Delay

Delay times for each part of the codec are shown as follows. (See Figure 1.)

Delay time(1+12) | Pre&Post—process(Re—ordering),
T0msec (two frames delay)

Delay time(2) Negligible

Delay time(3) Transform, Imsec (15 lines delay)
Delay time(4) Quantizer, negligible

Delay time(5) VLC, negligible

Delay time(6+7) | Transmission buffer(encoder+decoder)
4Mbps...250msec,
9Mbps...16Tmsec

Delay time(8) VLD, negligible

Delay time(9) Dequantizer, negligible

Delay time(10) Transform, 1msec (15 lines delay)
Delay time(11) Negligible

Delay time(12) Post—process

Total 4Mbps...about 330msec
9Mbps...about 240msec




4 Syntax

The video multiplex is arranged in a hierarchical structure with five layers.

From the top to the bottom the layers are:

e Sequence layer

e Group of Pictures(GOP) layer
o Picture layer

e Slice layer

o Macroblock layer

Sequence Layer:

A N

-\fgquence Headegj

Sequence Header:
Same as SM3.
GOP Layer:

(

(;{GOP Layer }) | ‘ —

‘(LGOP Header t)

GOP Header:
Same as SM3.
Picture Layer:

(p - )

)

—\S}cture Laye;/ »

" icture Header‘)

Picture Header:

-+

(>4 Slice Layer } ) —

Same as SM3 except the picture type. In our proposal, there are 6 picture types:
I-odd, I-even, P-odd, P-even, B-odd and B-even field. (See 2.2)

Slice Layer:

Each picture is divided into macroblock slices, each of which consists of a series of

macroblocks.

—

-

» Slice HeaderAJ

Slice Header:

(><yacroblock Layer j}) >

Same as SM3 except the q.scale. The q.scale is extended with five extra bits to
indicate the fractional value of the quantization parameter.

Macroblock Layer:

Each slice is divided into 44 macroblocks. Each macroblock consists of a macroblock |

header and transform coefficients.

Stuffing

Macroblock
Type

Address
‘| Increment

Escape, Stuffing:
Same as SM3.

oded/
on—-Coded

No Coded

M_Quant > Coef.




Address Increment
Same as SM3 except two differences.

o Address Increment is only present in B-odd, B-even pictures.
¢ Variable-length codes are extended to provide a large-valued address.

The variable-length codes are given in Table 2.

Macroblock Type:

Macroblock Type indicates macroblock prediction mode. It consists of a variable-
length codeword. The variable-length codes are given in Table 3.

Vector:
Same as SM3.
Coded/Non-Coded:

If all the coefficients of a macroblock are zero after quantization, the macroblock
is declared “Non-Coded.” Coded/Non-Coded is only present in B-odd, B-even
pictures and expressed by a fixed-length codeword. The fixed-length codes are
given in Table 5.

M_Quant:

M_Quant is used to define quantization step size(See 2.5) and defined by a fixed-
length codeword. The fixed-length codes are given in Table 6.

Coef.:

—i Zero Run Level D Zero Runf~*Level ) Zero Run ~*Level

v

:

EOT EOT EOT

5 Implementation

5.1 Picture Buffer

In our proposal, coding parameter M is fixed to two. Therefore, reordering of picture frame
is required at pre—process and post—process. Frame memory for the reordering must have
size of two frames. With the frame memory, motion estimation and prediction mode decision
are performed.

For the predicter, P—picture requires two reference fields, in other word one reference frame,
B—picture four fields (two frames). As a result, two frame buffer is needed.

For transmission buffer, it was confirmed with our simulation that 900kbit and 1500kbit
are enough for transmission rate of 4Mbps and 9Mbps, respectively. These buffer sizes are
required in both the encoder and the decoder.

Encoder
4 frame memories and
1500kbit transmission buffer
Decoder
4 frame memories and
1500kbit transmission buffer

Some smaller buffers are required in MRR transform, which will be mentioned at 5.2.4.



5.2 Implementation for each module
5.2.1 Pre & Post Process

Same to SM3. In our proposal M is fixed to two, so memory size is smaller than the case
of M=3.

5.2.2 Motion Estimater

In SM3, each macro block requires two motion vectors, which are forward and backward
vectors, at most. In our proposal, each one requires three at most. Therefore, calculation and
memory access per pel become 3/2 times as SM3.

5.2.3 Prediction Mode Decision

Basically, same to SM3, but prediction mode increases. For B—frames, prediction mode is
six, while it was four in SM3. Therefore calculation per pel become 3/2 times as SM3. Memory
access does also 3/2 times.

5.2.4 MRR & IMRR (Transform)

As shown in Figure 5, MRR is realized of a combination of FIR filters, subsampler, upsam-
pler and delay line. A couple of lowpass filter and highpass filter with sub(up)sampler is an
element of MRR, and can be realized as in Figure 12. With the element, required multiplier,
adder and buffer can be estimated.

Luminance

Multiplier .
4+(4+4)/2+(4+4)/8+(2+2)/32
16bit*9Mul/pel

Adder
3+(3+3)/2+(3+3)/8+(141)/32
16bit#6.8Mul/pel

line buffer
16bit*720word*4 (on chip)
16bit*360word*4 (on chip)
16bit*180word*4 (on chip)
16bit* 90word*2 (on chip)

delay line
16bit*360word*10 (10 lines delay, onchip)
16bit*180word*8*3 ( 8 lines delay, on chip)
16bit* 90word*4+*3 ( 4 lines delay, on chip)

about 9 Mul/pel,

about 6.8 Mul/pel,

Chrominance

Multiplier
(4+4)/2+(4+4)/8+(2+2)/32
16bit*5Mul/pel

Adder
(3+3)/2+(3+3) /8+(1+1)/32
16bit*3.8Mul/pel

line buffer
16bit*360word*4 (on chip)

16bit*180word*4 (on chip)
16bit* 90word*2 (on chip)

about 5 Mul/pel,

L}

about 3.8 Mul/pel, °



delay line
16bit*180word*8*3 (8 lines delay, on chip)
16bit* 90word*4*3 (4 lines delay, on chip)

5.2.5 Quantizer & Dequantizer

As shown in Figure 10, the quantizer and the dequantizer require two multipliers and a
ROM table. Number of M_Q and layer are 4 and 11.

Multiplier 16bit * 2 Mul/pel
ROM table 16bit * 44word

5.2.6 Predicter

As shown Figure 11, thepredicter have to calculate an averaging and overlapping. Every
pels are belongs to four expanded macro blocks (32*16), and every expanded macro blocks
require {wo memory access per pel at the worst case of average prediction. Therefore, memory
access must be performed 8*fs HZ, where fs is sample clock.

Memory access 1+8 = 9/pel (write and read)
Adder g+4 =12 add/pel

5.2.7 VLC & VLD

Almost same to SM3, though the code table of coefficients is changed. In our proposal,
Zero run length and quantize index are encoded independently and mutually. (See Table 8

and 9.)

Memory size of Code Table
Zero run length 20bit * 256words * 4tables
Quantize Index  24bit * 512words *. 4tables
Total 70kbit(on chip)

Memory size. of code length table
Zero run length 5bit * 256words * 4tables

Quantize Index  5bit * 612words * 4tables
Total 15kbit(on chip)

5.2.8 Transmission Buffer

It was confirmed with our simulation that 900kbit and 1500kbit are enough for transmission
rate of 4Mbps and 9Mbps, respectively. These buffer sizes are required in both the encoder
and the decoder.
6 Statistics

Bit amount, buffer ocupancy and SNR are shown in Figure 13 and Table 10.
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