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I. Algorithm Description

We have been studying the performance of Wavelet Transform (WT) coding in conjunc-
tion with the block matching motion compensation for MPEG-II sequences. This document
describes our proposed approach for encoding of MPEG-II sequences based on the aforemen-
tioned scheme. - ‘

* The description of the algorithm is divided into two parts. The first part covers the
temporal processing involving the motion estimation. The second part describes the spatijal
‘coding of the frames resulted from the temporal processing. These two parts are described
in the following.

A) Temporal Processing:

The group of pictures are defined in a similar fashion as MPEG-L Every frame within a
GOP is coded in either Intra (I), Predictive (P) or interpolative (B) mode. The P frames
are always coded using the previous I/P frames. However, the B frames are coded using I,
P, or B frames. That is, for coding of the B frames, the closest previously coded frames are
used independent of their types. In addition, the temporal coding is nested and is done in a
layered fashion (like layers of an onion). This insures smaller temporal distance between the
two frames that are used for interpolative coding of the B frames. Furthermore, it requires
smaller motion vector range and better prediction of the B frame. Two examples of such a
system are shown in Figures la and 1b. Figure la illustrates M = 6,N = 12 case, while
Figure 1b shows M = N = 12 situation. Because of the considerations related to decoding
delay, N is not to exceed 12. However, similar to the MPEG-I, M and N are programmable.

Motion estimation is conducted using block matching method with block sizes of 16 pixels
by 16 lines (16) with half-pixel accuracy on the frames. Mean-squared error js used as the
criterion for choosing the best motion vector. The range for the motion vector calculation
is flexible. For our simulations, the motion vector range of 132 half-pixel/(frame distance)
in horizontal and %16 half-pixel/(frame distance) in vertical direction is used.

B) Spatial Processing:



The description of spa.tial coding of the frames is divided into processing of I, P, and B
frame. : ‘

i) I-frame deing/ Decoding:
(a) Coder: |
For the I-frame Coding (IC), the following steps are followed:

JC-1: The two fields of the Y-frame are aligned to partially compensate for the camera
pan. This is accomplished by translating the first field of the Y-frame with respect to
the second field of Y-frame. This Y-frame is then truncated at the right border (in the
horizontal direction) to 704 pixels and at the bottom border (in the vertical direction)
to 480 lines/frame. The value of the shift is transmitted to the decoder.

The U and V frames are aligned using half the value of the shift obtained from Y frame
and then are truncated to 352 pixels/line and 480 lines/frame, each.

\

]C-2: Each of the Y, U and V frames are 2-D Wavelet transformed. The number of levels of
decomposition in either horizontal or vertical directions can be specified by the user. A
map describing this transformation is transmitted to the decoder. The decomposition
shown in Figure 2 is an example of such an arrangement.

IC-8: Each band is divided into several rectangular regions. An example of such partition

is shown in Figure 3. The size of each region can be specified by the user and is sent
to the decoder. Variance of each region is then estimated.

JC-4: Each band is then assigned a certain number of bits. The bit allocation is done by
assumning that the data has Laplacian distribution with variance equal to the estimated
variances of the regions and that a uniform-threshold quantizer (UTQ) is to be used
for quantizing each coefficient in each region.

IC-5: For each region a uniform-threshold quantizer, possibly with a dead-zone, is used for
quantizing the coefficients. The number of levels of the quantizer, the quantizer bin-size
and the size of the dead-zone is transmitted to the receiver. The transmission of the
estimated variance is optional. It provides better reconstruction values for quantizer

- and eliminates the need for transmission of number of levels and the quantizer bin-sizes.

IC-6: The quanﬁzer output indexes for each band are then g-coded and sent to the decoder.

The q-coder can be replaced by an (adaptive) Huffman coder without noticeable loss
in quality and increase in the bit rate.

(b) Decoder:
For the I-frame Decoding (ID), the following steps are followed:
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ID-1: The received g-coded representation is decoded into quantizer indexes.
ID-2: The sample values are obtained by using

(1) the received quantizer step-sizes, quantizer bin-size and the dead-zone size,
(ii) the variance of each region, if transmitted, and A
(i1i) the decoded quantizer indexes.

ID-3: The regions are remapped to each band and the resulting bands are 2-D inverse
transformed. ' '

ID-{: The resulting frame is realigned using the received shift value.

ii) P-frame Coding/Decoding:

Since the P-frame coding can be considered as a special case of B-frame coding, we will
describe the B-frame coding only. The procedure for P-frame coding/decoding is simply
obtained by eliminating the backward motion-compensation option of the B frame.

iii) B-frame Coding/Decoding:
| B-frame:
(a) Coder:
* For the B-frame Coding (BC), the following steps are followed:

BC-1: The same as IC-1.

BC-2: The Y-frame is partitioned into blocks of size 16 x 16. For each block a motjon vector
to two previously coded frames, one in the past and one in the future, is calculated as
described in the temporal processing section.

BC-8: For each Y-block, similar to MPEG-] algorithm, a series of comparisons is conducted
to select the Forward, Backward, Interpolated, or Intra coding decision for the block.
The block is then assigned an identification tag and these tags are q-coded and trans-
mitted to the decoder. The q-coder can be replaced by (adaptive) Huffman coder. In
case of Intra decision for the block, the mean of the block is subtracted from the pixels
within the block and transmitted separately. The U and V frames are partitioned into
8 x 16 and the decision for the Y-block is used for specifying the type of coding to be
used for these blocks. Note that the U and V frames are not pre-filtered.

The residual blocks for Y/U/V are then obtained.

B(-4: Each residual component (Y/U/V) is decomposed spatially into several bands similar .
to IC-2.

BC-5: The same as IC-8.



BC-6: The same as IC-4.
BC-7: The same as IC-5.
BC-8: The same as IC-6.

BC-9: Each component (horizontal and vertical) of the motion vectors are first delta-coded
and then g-coded and transmitted.

(b) Decoder:
For the B-frame Decoding (BD), the following steps are followed:

BD-1: The same as ID-1.
BD-2: The same as ID-2.
BD-8: The same as ID-S.

ID-4: The received motion-vectors are inverse q-coded and used to create the predicted
blocks. These predicted blocks are then added to the residual to reconstruct the coded -
frame. In case of the intra-coded blocks, the received mean is added to the residual.

ID-4: The resulting frame is realigned using the received shift value.
I1. Compatibility Feature

Since the proposed algorithm uses different spatial transformation, it is not compatible
with the MPEG-I algorithm.

III. Random Access Feature

Every I frame can be considered as an entry point in the coded sequence. Other frames
can be easily accessed after the entry point is established. Therefore, the value of N is the
deciding factor for access.

IV. Coding/Decoding Delay

We assume that the coding delay refers to time lapse from the point that a frame is
captured from the device, such as camera, to the point that the frame is ready for trans-
mission. This, in turn, is a function of the values of M and N in the scheme in addition to -
the technique used for handling the intermediate frames. For the simulations, we have used
M=N=12. Because of the the specific structure in which the frames are coded, the coding
delay depends on the position of the frame in the GOP. The average value is about 0.43
msec with the maximum delay of 0.53 msec. Note that the processing time is not included
in here since it is assumed that it is real time.

We also assume that the decoding delay refers to time lapse from the point that a frame
enters the decoder buffer untill it is displayed. For our simulation, the average value is 0.4
msec with a maximum of 0.7 msec.




VI. Huffman Tables

In our approach for lossless coding of the parameters, we have used a modified version of

the Q-coder. The Q-coder is easily implemented and can adjust to the statistics of the input
sequence. The Q-coder can be easily replaced by a static or an adaptive Huffman coder
without noticeable loss in the quality of the output or increase in the output bit rate.

VTII. Statistics

A) Number of Bits and SNR for Each Frame:

A listing of number of bits used for each frame at the two coding rates of 4 and 9 Mega
bits/sec is provided in Appendix A.

B) Cumulative Bit Counts:

Appendix A contains this information.

C) Other Items:
Please refer to Appendix A for this information.

VIII. Paper Listing
The paper listing in showg in Appendix A.
IX. Implementation Document

*Picture Buffers :

1. Temporal Prediction :

Encoder: 2-4
Decoder : 2-4

2. Quantizer and Wavelet Transform:

Encoder: 1
Decoder: 1

* Size of coded data buffer is estimated as one-fourth of the frame size at 8 bit/sample
X. Modules
Wavelet Module

- Memory : 16 x Frame size off chip, 6 line buffers on chip (at 5.2 f,).
- Additions : 335 million - 16 bit wide.
- Multiplication : 447 million - 16 bit wide.

- Wavelet Transform coefficient : 4 fixed.

)




- Table look-up : None.

- Two on-chip address generators needed which could be implemented by registers,
counters and two adders.

Inverse Wavelet Module: Same’ as Wayelet module.

Quantization Module

- Memory
1. on-chip : RAM of size 40 x 56 (at 2 x f,).

2. off-chip : none -
- Additions : 21 million (16 bit) and 21 million (32 bit).
- Multiplication : 21 million (16 x 16).
- Table : none.
- Table look-up speed : N/A.
- On-chip : simple address generation.

- Adaptive quantization table generation based on the statistics collected. Must be
performed by off-chip controller.

De-Quantization Module

- Memory

1. on-chip : none.
2. off-chip : none.

- Additions : 21 million (16 bit) and 21 million (32 bit).
- Multiplication : 21 million (16 x 16).

- Table : 40x32 bit, down-loaded.

- Table look-up speed : same as f,.

-'On-chip : simple address generation. -

- Adaptive quantization table generation based on the statistics collected. Must be
performed by off-chip controller.

Multi-level Arithmetic Coder

- Memory : 256 x 256 x 6 bit with bandwidth of 2 x f,. 4
- The arithmetic coder/decoder follows the statistic modeler and requires 13/, oper-
ating speed.

Motion Compensator The same requirements as MPEG-1 with the appropriate upgrade of
the speed.



Appendix A

Source : AWARE-ALGORITHM NO. 1

Date : Nov, 1991
Frame Rate : 30 Hz
Sequence : Mobile

Bit Rate : 4 Mega Bits/sec

" ITEMS [ Al [Intra [ Predicted | Interpolated |
[ RMS for Luminance [ 7.32 [6.33 | [7.95 I
SNR for Y 30.84 |32.10 30.12
SNR for U 33.46 | 34.20 33.39
SNR for V 3394 |34.80 33.86
MV Blocks
Forward 428
Backward 405
Interpolated 486
Intra 0 1
Attributes (Bits) T
Y 118509 | 504000 83464
U 16690 | 73175 11555
\Y 18296 | 83320 12384




Appendix A-continued
Source : AWARE-ALGORITHM NO. 1
Date : Nov, 1991

Frame Rate : 30 Hz

Sequence : Mobile

Bit Rate : 9 Mega Bits/sec

[ ITEMS . [ Al | Intra | Predicted [ Interpolated |
[ RMS for Luminance [5.50 [4.21 | [ 5.62 |

SNR for Y 33.09 35.65 33.13

SNR for U 34.20 | 35.68 34.06

SNR for V 35.65 36.27 35.60

MYV Blocks

Forward 428

Backward 405

Interpolated ' : 486

Intra ' 0

Attributes (Bits) _ '

118509 | 504000 83464
U / 16690 | 73175 - 111555
\Y ” 18296 | 83320 12384

i



Appendix A-continued
Source : AWARE-ALGORITHM NO. 1
Date : Nov, 1991

Frame Rate : 30 Hz
Sequence : Flower Garden
Bit Rate : 9 Mega Bits/sec

[ITEMS | Al |lntra | Predicted | Interpolated |
[RMS for Luminance [4.55 [3.19 | =~ [4.69 |
SNR for Y 34.99 | 38.04 . | 34.71
SNR for U 35.47 |36.40 35.39
SNR for V 35.08 | 35.72 35.02

MYV Blocks
Forward ‘ : 452
Backward 324
Interpolated 543

Intra 0

Attributes (Bits) _ '
242543 { 611832 208971
44349 [ 114456 37976

31325 | 84480 26492

iii




Appendix A-continued

Source : AWARE-ALGORITHM NO. 1

Date : Nov, 1991
Frame Rate : 30 Hz

Sequence : Flower Garden
'Bit Rate : 4 Mega Bits/sec

[ ITEMS [ All | Intra . | Predicted | Interpolated |

[ RMS for Luminance | 7.22 [ 7.63 | [7.18
SNR for Y 30.96 | 30.49 31.01
SNR for U 33.45 33.38 33.46
SNR for V 33.711 | 33.27 33.75
MYV Blocks
Forward 398
Backward 304
Interpolated 616
Intra _

[ Attributes (Bits) -
Y 116301 { 313784 98348
U 22569 163792 18821
V 12811 | 37120 10601

v



Appendix A-continued

Source : AWARE-ALGORITHM NO. 1

Date : Nov, 1991
Frame Rate : 30 Hz

Sequence : Table Tennis
Bit Rate : 4 Mega Bits/sec

[ATEMS _— TAT _ [Intra [ Predicted | Interpolated |
[[RMS for Luminance [ 7.55 [6.83 | T7.61 |
SNR for Y 30.59 | 31.44 30.51 :

SNR for U 39.67 | 39.91 39.64
SNR for V 39.95 |40.42 39.91 N
MYV Blocks

Forward 504
Backward 458
Interpolated 356
Intra 0
Attributes (Bits)

Y 118692 | 320792 100319
U 10330 | 41298 7515
\4 15283 | 53731 11787




Appendix A-continued

Source : AWARE-ALGORITHM NO. 1

Date : Nov, 1991
Frame Rate : 30 Hz

Sequence : Table Tennis
Bit Rate : 9 Mega Bits/sec

[FITEMS | All | Intra [ Predicted | Interpolated |
[ RMS for Luminance [ 5.26 | 3.46 | | 5.43 |
SNR for Y 33.717 | 37.36 33.44
SNR for U 41.04 42.16 40.94
SNR for V 41.77 | 42.98 41.66
MYV Blocks
Forward 501
Backward 502
Interpolated 315
Intra 0
Attributes (Bits) .
Y 253999 | 840528 267538
U . 19157 | 75512 | 14033
A% ) 26393 | 69360 22486

vi



Appendix A-continued

Source : AWARE-ALGORITHM NO. 1

Date : Nov, 1991
Frame Rate : 30 Hz
Sequence : Popple

Bit Rate : 9 Mega Bits/sec

ITEMS All Intra | Predicted | Interpolated
[RMS for Lumimance [417_[261 | [407 |

SNR for Y 34.70 ] 39.81 34.24 I]
| SNR for U 33.05 |39.12 32.50 |
|| SNR for V 33.33 }39.13 32.80

MYV Blocks

Forward 480

Backward 470

Interpolated 368

Intra
Attributes (Bits)

255304
65024
35074

552304
100576
79360

0

228304
61792

31048

vii
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