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Introduction

At the last meeting, Adaptive Block Transforms (ABT) were presented for adoption into H.26L with a full integration into the TML-8.0 software [VCEG-N49]. The rate/distortion performance of the coding scheme was shown to be equal or better than the performance of the TML coder. The subjective quality was rated better at high rates and not better at lower rates. This negative vote was primarily due to the fact that besides the preservation of more detail increased ringing artifacts were induced through the larger transforms.

Here, we present a simplified ABT concept that employs only the TML 4x4 transform and the proposed 8x8 transform. In terms of RD gain SABT performs comparable or slightly better than full ABT on the testing set. The ringing artifacts are reduced since the maximum transform block size is only half of the maximum size in  the previous proposal.

[image: image1.wmf]2

3

4

5

6

7

Simplified Adaptive Block Transforms

With SABT, the block size of the transform is connected to the block size used for motion compensation up to a block size of 8x8 pixels. The larger blocks (like 16x8, 8x16, and 16x16) are encoded using the 8x8 block transform. The block tilings and the transform blocks are given in Figure 1.

Figure 1: Macroblock modes and transform block sizes as used with SABT. The transform block size is marked blue if applicable. For block sizes smaller than 8x8, the transform block size is equal to the MC block size.

The ABT coding techniques can be applied directly for SABT. The coded block pattern CBPY is coded like in the TML. The Level values of mode 5-7 are coded using the TML Level coding routine. 

For modes 1-4, CBP = 1 directly signals the existence of at least one non-zero Level in the encoded 8x8 blocks. Therefore,  the first coefficient Level in 8x8 subblock is coded without the first (EOB-) Bin of the TML Level binarization.

The ABT Run binarization is reduced to the maximum block size of 8x8. The resulting binarization is given in Table 1 below. Currently, the ABT contexts are used for context modeling of the coefficients.

	RUN
	Binarization

	
	Mode
	5,6
	4

	0
	1
	
	
	
	

	1
	0
	1
	
	
	

	2
	0
	0
	1
	
	

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	1
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	1
	0
	0
	0
	0

	6
	0
	0
	0
	1
	1
	0
	0
	0
	0

	…
	0
	0
	0
	...
	.

	Bin_no.
	1
	2
	3
	4
	5
	6
	7
	8
	9


Table 1: Run Binarization from ABT Document VCEG-N49, reduced to maximum 8x8 transform blocks.

For motion estimation with ABT and SABT, the block size of the Hadamard transform used for SATD calculation is connected to the transform block size applied for encoding. I.e., here the maximum block size for the Hadamard transform is 8x8.

Complexity Analysis

SATD calculation


The SATD is used for motion estimation on subpel positions. The Hadamard Transform of a length-N vector can be implemented with  N(log2N additions (including subtractions). Using this, the number of additions needed for SATD calculation can be given for each block size: 

	Block Size
	Adds / Block
	Adds / MB

	4x4
	64
	1024

	4x8,8x4
	160
	1280

	8x8
	384
	1536


Transform Complexity

The integer 8x8 transform proposed for ABT in [VCEG-L15] and the TML 4x4 transform can be efficiently implemented by exploiting their symmetry properties. The efficiency of these implementations is similar to a fast implementation of the DCT. The number of additions and multiplications needed for transforming a vector of length 4 and 8 using the appropriate transform is given below:

	Transform
	Adds
	Multiplications

	T4
	8
	6

	T8
	28
	22


For transforming a MB of 16x16 pixel according to the MB modes the number of adds and multiplications is given in the following table:

	Block Size
	Adds / MB
	Mult. / MB

	4x4
	1024
	768

	4x8,8x4
	1408
	1088

	8x8
	1792
	1408


At the Santa Barbara Meeting strong interest was expressed in a full 16bit implementation of the coding scheme. We are currently working on a 16bit implementation of the 8x8 transform and quantization process. 

Simulation Results

The proposed technique is integrated into the TML-8.0 software. Experiments were conducted according to the guideline of the common conditions document [VCEG-N81]. Three coder configurations were tested including the original TML-8.0 coder (TML), the ABT coder as presented at the last meeting (ABT), and the proposed SABT coder (SABT). The same QP was used for I-, P-, and B-Frames. The basic encoder configuration for all tests is given below, all MB modes are enabled:

	MV resolution
	1/8 pel

	UseHadamard
	ON

	Reference Frames
	5

	Search Range
	32

	Symbol Mode
	CABAC

	Restrict Search Range
	2

	RD optimization
	ON

	QP
	16,20,24,28


The resulting RD plots of all three coders are given in the Appendix of this document. The common test sequences were used for the experiments. 

Table 2 gives the difference in terms of rate and PSNR as calculated using the Bjontegaard measurement method [VCEG-M33]. Both, ABT and SABT are compared to the performance of the original TML coder. 

	Test Sequences
	SABT average % 
bit savings (avsnr)
	SABT average dB
PSNR gain (avsnr)
	ABT average % 
bit savings (avsnr)
	ABT average dB
PSNR gain (avsnr)

	Container QCIF
	2.78
	0.152
	6.11
	0.340

	Foreman QCIF
	6.60
	0.374
	4.29
	0.240

	News QCIF
	0.26
	0.018
	0.22
	0.017

	Silent QCIF
	3.42
	0.169
	3.06
	0.153

	Paris CIF
	-0.18
	-0.008
	1.43
	0.077

	Mobile CIF
	2.15
	0.107
	-0.43
	-0.021

	Tempete CIF
	3.82
	0.171
	2.80
	0.123

	average 
	2.69
	0.140
	1.70
	0.132


Table 2: Objective comparison for SABT and ABT with the TML coder.

Discussion

The curves and the results in Table 2 reveal a comparable performance of both ABT and SABT in terms of objective RD measurement. The results show that the scheme using variable block size transforms works sufficiently well even with a reduced number of block sizes. Ringing artifacts in the reconstructed signal are reduced since the maximum transform size is restricted to 8x8.
For some sequences (e.g. Container QCIF), the performance of SABT is a bit lower than the performance of ABT. Here, the distribution of MB modes is comparable for both coders but the SABT coder has to spend more bits for update coding.
Some sequences show an improved performance of SABT over ABT. E.g. on Foreman QCIF the performances increases by 6.6 % rate savings or 0.37 dB of PSNR relative to the TML coder. The statistics for Foreman show the frequency of Mode 1 increased by about 9% for SABT at QP = 20.

Conclusion

A simplified ABT concept is proposed using only transforms of size 4x4 and 8x8. The results reveal a similar performance of the simplified scheme in comparison to the full ABT scheme. Ringing is reduced by elimination of the 16x16 transform. In some experiments even a slight gain could be observed for the SABT scheme. The elimination of the 16x16 transform reduces the complexity of the ABT scheme for motion estimation as well as for the transform. 

We propose to consider the application of the ABT/SABT scheme for medium to high complexity profiles. In [VCEG-O-31] intra coding using variable block size transforms is proposed. It is shown that the intra performance is improved by the application of variable block size transforms. As reported in [VCEG-O32] the application of ABT also shows promising results for interlaced coding in H.26L.
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Appendix – Rate/Distortion Plots
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Rate [kbit/s]

PSNR [dB]

container qcif

TML 80 10Hz IP

ABT 10Hz IP

SABT 10Hz IP


container qcif TML 80 10Hz IP

 QP     Rate
PSNR

 28     4885
27.83

 24     8187
30.82

 20    13210
33.59

 16    22616
36.17

container qcif ABT 10Hz IP

 QP     Rate
PSNR

 28     5028
28.41

 24     8300
31.32

 20    13380
33.96

 16    23804
36.52

container qcif SABT 10Hz IP

 QP     Rate
PSNR

 28     5181
28.48

 24     8727
31.41

 20    14574
34.17

 16    25778
36.73
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foreman qcif

TML 80 10Hz IP

ABT 10Hz IP

SABT 10Hz IP


foreman qcif TML 80 10Hz IP

 QP     Rate
PSNR

 28    17309
28.27

 24    28269
30.94

 20    45204
33.46

 16    70992
36.09

foreman qcif ABT 10Hz IP

 QP     Rate
PSNR

 28    18306
28.75

 24    28748
31.30

 20    45750
33.78

 16    71235
36.29

foreman qcif SABT 10Hz IP

 QP     Rate
PSNR

 28    18626
28.99

 24    29329
31.53

 20    47579
34.14

 16    75434
36.75
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Rate [kbit/s]

PSNR [dB]

news qcif

TML 80 10Hz IP

ABT 10Hz IP

SABT 10Hz IP


news qcif TML 80 10Hz IP

 QP     Rate
PSNR

 28    10674
28.08

 24    18194
30.95

 20    29448
33.94

 16    45788
36.83

news qcif ABT 10Hz IP

 QP     Rate
PSNR

 28    11018
28.24

 24    18785
31.20

 20    30398
34.11

 16    46933
37.01

news qcif SABT 10Hz IP

 QP     Rate
PSNR

 28    11279
28.40

 24    19124
31.28

 20    31370
34.33

 16    48719
37.26
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silent qcif

TML 80 15Hz IP

ABT 15Hz IP

SABT 15Hz IP


silent qcif TML 80 15Hz IP

 QP     Rate
PSNR

 28    11778
28.07

 24    21658
30.60

 20    36916
33.21

 16    60346
35.90

silent qcif ABT 15Hz IP

 QP     Rate
PSNR

 28    12656
28.44

 24    22260
30.91

 20    37901
33.49

 16    61115
36.10

silent qcif SABT 15Hz IP

 QP     Rate
PSNR

 28    12672
28.48

 24    22400
30.95

 20    38542
33.60

 16    63018
36.26
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PSNR [dB]

paris cif

TML 80 15Hz IP

ABT 15Hz IP

SABT 15Hz IP


paris cif TML 80 15Hz IP

 QP     Rate
PSNR

 28    59403
26.91

 24   109649
29.86

 20   190247
32.67

 16   315739
35.60

paris cif ABT 15Hz IP

 QP     Rate
PSNR

 28    62254
27.11

 24   113157
30.08

 20   196494
32.95

 16   320782
35.86

paris cif SABT 15Hz IP

 QP     Rate
PSNR

 28    65259
27.23

 24   118738
30.23

 20   205854
33.13

 16   332890
36.04
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mobile cif

TML 80 30Hz IP

ABT 30Hz IP

SABT 30Hz IP


mobile cif TML 80 30Hz IP

 QP     Rate
PSNR

 28   200598
24.91

 24   358847
27.97

 20   680096
30.96

 16  1276983
34.16

mobile cif ABT 30Hz IP

 QP     Rate
PSNR

 28   227246
25.41

 24   400757
28.48

 20   747514
31.44

 16  1340778
34.42

mobile cif SABT 30Hz IP

 QP     Rate
PSNR

 28   241146
26.07

 24   431209
28.95

 20   807203
31.89

 16  1431550
34.86
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tempete cif
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ABT 30Hz IP
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tempete cif TML 80 30Hz IP

 QP     Rate
PSNR

 28   156189
26.56

 24   291683
29.36

 20   564597
32.11

 16  1084078
35.08

tempete cif ABT 30Hz IP

 QP     Rate
PSNR

 28   173757
27.25

 24   320390
29.90

 20   614775
32.58

 16  1128426
35.31

tempete cif SABT 30Hz IP

 QP     Rate
PSNR

 28   179478
27.53

 24   333223
30.12

 20   653514
32.85

 16  1200817
35.66
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