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1 Introduction

In this paper, application of Adaptive Block Transforms (ABT) for encoding of ITU-R 601 source material is presented. At the Pattaya meeting, a simplified ABT concept was presented using only the 4x4 and the 8x8 transform matrix [VCEG-O30]. With these transform matrices, 4x4,4x8,8x4, and 8x8 blocks can be transformed. The 8x8 transform is also applied for the blocks of size 8x16, 16x8 and 16x16. Here, we present the coding tools for simplified ABT coding of inter and intra blocks.

The paper is organized as follows: First we define the coding elements needed for ABT inter and intra coding relative to the TML. In the second part, we demonstrate the performance of ABT in the TML-9.0 software. A​​​​​​​​​ set of simulation results for ITU-R 601 sequences according to the simulation conditions defined by the Interlaced and the Transform AdHoc groups [VCEG-O59]. The results reveal ABT performance gains of more than 0.4 dB or 8.5% bitrate savings on average and peak gains of more than 1.0 dB or 15% maximum bitrate savings. 

2 Adaptive Block Transforms

2.1 Inter ABT Coding 
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With inter ABT, 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 ABT. The transform block size is marked blue if smaller than the subblock size. For block sizes smaller than 8x8, the transform block size is identical to the MC block size.

2.2 Intra ABT Coding

This mode was basically proposed as SVBST coding in [VCEG-O31]. For sake of simplicity, we denote both intra and inter modes by ABT in the following.

2.2.1 Coding modes

For ABT intra coding 7 macroblock modes with the block sizes from Figure 1 are used. I.e., for intra coding the same macroblock modes are used as for inter coding. The 6 TML intra prediction modes for 4x4 intra coding (directional and DC prediction) are employed for 4x4, 4x8,8x4, and 8x8 blocks. The 8x16,16x8 and 16x16 blocks only use DC prediction.

2.2.2 Prefiltered Prediction

Directional prediction of blocks larger than 4x4 is improved by prefiltering the boundary pixels prior to prediction. This technique is employed on block boundaries of length 8. In the following, we describe the filtering technique for a prediction from the top boundary of a block with 8xM pixels. Filtering at the left boundary is performed accordingly.

Let P(i,j), i = 0,..,N-1, j = 0,..,M-1, denote the current block of size NxM pixels, with N=8, M({4,8}. I.e., P(n,-1), n = 0,..,N-1, denotes the boundary pixels of the already decoded top neighboring block. P(n,-1) is filtered using a 3-tap filter with the coefficients

 [7, 18, 7]/32.

[image: image12.wmf]At n=0 and n=N-1, the values are repeated for filtering. The filtered signal P'(n,-1) is then used for directional prediction. An example for prefiltered prediction using intra prediction mode 1 (skew prediction from top left) is given in Figure 2.

2.3 Transform Matrices

Two transform matrices of size 4x4 and 8x8 are used for ABT. The 4x4 transform matrix is given in the TML as

T4 = [

 13  13  13  13

 17   7  –7 –17

 13 –13 –13  13 

  7 –17  17  -7];

The 8x8 transform matrix is defined as

T8 = [

 17  17  17  17  17  17  17  17

 24  20  12   6  -6 -12 –20 -24 

 23   7  -7 -23 -23  -7   7  23

 20  -6 -24 –12  12  24   6 -20

 17 -17 –17  17  17 -17 –17  17

 12 -24   6  20 -20  -6  24 -12

  7 –23  23  -7  -7  23 -23   7

  6 -12  20 –24  24 -20  12  -6 ];

The subblocks of a macroblock are transformed by


Cnxm = Tm x Bnxm  x  TnT,


where Bnxm denotes a block with n pixels and m rows, n,m({4,8}. Tn and Tm are the horizontal and vertical transform matrices  of size nxn and mxm, respectively. Cnxm denotes the transformed nxm block. The transform matrices are not normalized. Normalization is regarded during the quantization and dequantization procedures.

2.4 Quantization 

The quantization is performed as described in the TML. Here, two additional quantization tables are needed for the 4x8/8x4 and 8x8 modes. 

A4x4(QP=0,..,31) = 
620,553,492,439,391,348,310,276,246,219,195,174,155,138,123,110,98,87,78,69,62,55,49,44,39,35,31, 27,24,22,19,17

B4x4(QP=0,..,31) = 
3881,4351,4890,5481,6154,6914,7761,8718,9781,10987,12339,13828,15523,17435,19561,21873,24552,27656,30847,34870,38807,43747,49103,54683,61694,68745,77615,89113,100253,109366,126635, 141533

A8x4(QP=0,..,31) =
335,299,266,237,211,188,168,149,133,118,105,94,84,75,67,59,53,47,42,37,34,30,26,24,21,19,17,15,13,12,10,9

B8x4(QP=0,..,31) =
2100,2353,2645,2968,3334,3742,4188,4721,5289,5962,6700,7484,8375,9380,10500,11924,13274,14968,16750,19014,20691,23450,27058,29313,33500,37026,41382,46900,54116,58625,70350,78167

A8x8(QP=0,..,31) = 
181,162,144,128,114,102,91,81,72,64,57,51,45,40,36,32,29,25,23,20,18,16,14,13,11,10,9,8,7,6,6,5

B8x8(QP=0,..,31) =
1136,1270,1428,1607,1804,2017,2260,2539,2857,3214,3609,4033,4571,5142,5714,6428,7093,8228,8943,10285,11428,12856,14693,15823,18700,20570,22855,25712,29385,34283,34283,41139

The relation between A() and B() is: 
Anxm(QP) * Bnxm(QP) * N²nxm = 240, where N²nxm denotes the squared norm of the nxm block transforms given below. 

Block Size
N²nxm

8x8
8 * 172

8x4
4 * sqrt(2) * 13 * 17

4x8
4 * sqrt(2) * 13 * 17

4x4
4 * 132

It is assumed that a coefficient K is quantized in the following way:

LEVEL = (KxA(QP) + fx220)/220      (f( is in the range (0-0.5) and f has the same sign as K.

Dequantization:

K' = LEVELxB(QP)

After inverse transform this results in pixel values that are 220 too high.  A shift of 20 bits (with rounding) is therefore needed on the reconstruction side. The definition of transform and quantization is designed so that no overflow will occur with use of 32 bit arithmetic. Assuming the quantizer step size to increase by 12% per QP, the quantization tables could be extended by 3 finer quantizers for 8x8 blocks and 9 finer quantizers for 8x4/4x8 blocks for high quality transform coding within 32 bit arithmetic.

2.5 Scanning Method and Coded Block Pattern CBPY
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For encoding of the quantized ABT coefficients the blocks are zigzag scanned using full scans of each subblock of the coded macroblock. Figure 2 depicts the scans for 4x4, 4x8, 8x4, and 8x8 blocks. The coefficients are encoded using 2D (Level,Run) symbols for all block sizes. Since the maximum transform block size is 8x8, the TML CBPY can be used for signaling the existence of any coefficient in a 8x8 luma block. The number of subblocks affected by the CBPY bits varies from one 8x8 block to four 4x4 blocks.

Figure 2. Scans for 4x4, 4x8, 8x4 and 8x8 blocks. 

2.6 Deblocking Filter

Deblocking is employed on all subblock and macroblock boundaries. No modifications are introduced to the deblocking filter besides the fact that no filtering is performed at 4x4 block boundaries inside the transformed blocks. I.e., the number of block boundaries that have to be filtered is reduced by 1/2 for blocks of size 8x8 and larger and by a factor of 1/4 for 4x8 and 8x4 blocks.

The determination of the filtering strength and the number of filtered pixels in a block is performed according to the TML.

2.7 Entropy Coding

For encoding of the ABT coefficients CABAC is employed. New contexts and binarizations are introduced for encoding of the coefficients of ABT blocks.

Intra ABT Modes

The block modes used for intra ABT coding have to be signaled. The set of possible intra block modes is identical to the set of macroblock modes used for inter coding. For encoding the ordering of the macroblock modes is flipped. 

Code Number
Intra Block Mode

0
4x4

1
4x8

2
8x4

3
8x8

4
8x16

5
16x8

6
16x16

The reordered intra block modes are encoded using the Macroblock Type context models of the inter macroblock modes.

For INTRA frames, the TML intra macroblock modes are replaced by the ABT intra block modes. For INTER frames, the inter MB_Type indicates intra coding of a macroblock. The intra block mode is encoded next using the Macroblock Type context models.

Intra prediction modes have to be encoded for the 4x4, 4x8, 8x4 and 8x8 intra block modes. The context models for the TML 4x4 intra prediction modes are used for encoding of the ABT intra prediction modes. Two prediction modes are gathered in one symbol for encoding, as it is done for the TML 4x4 intra prediction modes. The larger ABT intra block modes use DC prediction only. Therefore, no intra prediction mode has to be encoded here.

2.7.1 Coefficients Encoding: CBPY, Level, and Run

2.7.1.1 CBPY

While the bits of CBPY address a variable number of transform blocks, encoding of CBPY remains unchanged from the TML.

2.7.1.2 Level

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 transform blocks. Therefore,  the first Level coefficient in a 8x8 transform block is coded without the first (EOB-) Bin of the TML Level binarization.

Run

The maximum Run value for ABT coefficients is dependent on the transform block size. E.g., the maximum Run value is 64 for an 8x8 block, which cannot be encoded efficiently with the unary binarization used in the TML. The binarization used here for the run is given in the following Table 1. 4x4 runs are coded using the TML approach.


Mode
4x8,8x4
8x8

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

7
0
0
0
0
0
1
0
0
0

...
0
0
0
...


.

Bin_no.
1
2
3
4
5
6
7
8
9

Table 1 : Binarization of the Run symbols for the ABT transform block sizes. Runs > 2 are 
binarized by a fixed length binarization.

The first three Runs are binarized by means of the unary code tree. The remaining runs are coded using a fixed length binarization (bit plane binarization).  The number of bins for the binarization of the larger Run symbols is determined by the maximum possible Run in the ABT transform block. 8 bins are used for 4x8 and 8x4 blocks. An additional 9th bin is used for 8x8 blocks. For encoding of the bins 11 contexts are used. The assignment of the contexts is given in Table 2. 

Block
Size
Bin_no.


1
2
3
4
5
6
7
8
9

8x8
1
2
2
5
6
7
9
10
11

8x4,4x8
3
4
4
6
8
9
10
11
-

4x4
3
4
4
6
8
9
10
11
-

Table 2 : Contexts for the Bins depending on the MB mode.

2.8 Motion Estimation

The variable transform block sizes of ABT are taken into account during the motion estimation process. In the TML, the Hadamard transform is performed on blocks of size 4x4. The sum of the absolute values of the transformed block differences (SATD) is used as the error criterion for motion estimation on sub-pel positions.

For ABT, the SATD is calculated using the Hadamard transform on blocks corresponding to the transform block size. Non-normalized Hadamard transform matrices of size 4x4 and 8x8 are employed. Precise normalization of the SATD values would require a division by a factor containing sqrt(2) for the non-square block sizes. Here, the divisions are replaced by integer multiplications and shifts, using 181/512 as an approximation for sqrt(1/8).

Block size
Normalization

8x8
1/4


8x4,4x8
181/512

4x4
1/2

2.9 Intra Mode Selection

The decision about which intra modes to use for encoding of a macroblock is performed in two steps. The cost criterion applied depends on the complexity mode of the encoder. In the low complexity mode, the SATD chosen as the criterion throughout the decision process. The high complexity mode employs a rate/distortion criterion J using the sum of squared differences (SSD) for distortion D and the real bit cost R. 

J = D + (MODER

The TML (MODE is used as the weighting factor in the rate/distortion criterion.

First, the optimum prediction modes are determined for each intra block mode. This decision has to be performed for the intra 4x4, 4x8, 8x4, and 8x8 modes. The larger modes only use DC prediction. For each subblock, the prediction mode with the minimum cost is selected and the total cost for the intra block is summarized. Then, the total cost for each intra block mode are compared and the optimum intra block mode is chosen.

3 Simulations

Simulation results are given according to the common interlaced coding conditions that were agreed on by the Interlaced and the Transform Size AdHoc groups [VCEG-O59]. The ABT coding tools were integrated into the TML9.0 software that was released at the Pattaya meeting [JVT-A003]. 

3.1 Encoding of interlaced Video

The common condition for interlaced video include field based encoding of interlaced sequences with B-frames. It was agreed that the following setting should be used:


IP BB BB PP BB BB PP …

i.e., the top field of frame #0 is coded I, the bottom field P, the fields of frames #1,#2 are coded B, the two fields of frame #3 are coded P, and so forth.

The reference software as well as the ABT implementation were modified to enable IP BB BB PP coding of a field sequence. Encoding of the B-frames is performed after encoding of the top field of the next P-frame. 

Simulation Conditions

The following common conditions were used for the simulations 

Picture Structure
- II II II 

- IP PP PP PP

- IP BB BB PP BB BB PP

Motion Resolution
¼ pel

Quantization Parameters
16,20,24,28  [QP(B) = QP(I/P)+2]

Search Range
16 pixel

Hadamard (SATD)
ON

Reference Frames
2

Entropy Coding
CABAC

The following test sequences were used

Sequence Name
Frame Size
No. of Frames

F1_car
720x576
220

Canoa
720x576
220

Rugby
720x576
220

Tempete
720x480
260

Football
720x480
260

Bus
720x480
150

The sequences (except for Bus) are available from the VQEG ftp site (www.vqeg.org). They were converted from 422 to 420 using the converter tool provided by Peter Borgwardt [VCEG-N85]. In a pre-experiment all sequences showed improved coding performance for field based coding compared to frame based coding. Therefore, only field based coding was used for the simulations.

3.1.1 ABT Modes

For performance evaluation of ABT two settings were used for the simulations: 

· ABT Inter only. For intra coding the TML intra techniques are used

· ABT Inter&Intra. ABT is used for Inter and Intra Coding

3.2 Results

The following table gives the difference in terms of rate and PSNR as calculated using the Bjontegaard measurement method [VCEG-M33]. The performance of ABT inter and ABT inter&intra is compared to the performance of the TML coder. The corresponding RD plots are given in the Appendix. Note that also for the 720x576 sequences, a frame rate of 30 Hz was used for the calculation of the bitrate according to [VCEG-O59].

Seq
IBBP

Rate%

PSNR
IP

Rate%

PSNR
III

Rate%

PSNR

bus
5.43 %

0.261 dB
7.11 %  
0.333 dB
6.58 %  
0.433 dB

canoa
10.00 % 
0.380 dB
13.16 % 
0.489 dB
9.05 %  
0.447 dB

f1_car
5.40 % 
0.242 dB
10.43 % 
0.465 dB
7.07 %  
0.461 dB

football
8.78 % 
0.389 dB
11.24 % 
0.500 dB
8.57 %  
0.436 dB

rugby
8.88 % 
0.438 dB
10.05 % 
0.494 dB
8.89 %  
0.536 dB

tempete
7.12 % 
0.290 dB
8.54 %  
0.376 dB
6.47 %  
0.499 dB

average
7.60%
 
0.333dB
10.09 %
0.443 dB
7.77 %  
0.469 dB

Table 3: Average objective performance gains (avsnr).

4 Discussion and Conclusion

The concept of Adaptive Block Transforms is proposed for Inter and Intra coding. The scheme makes use of the existing TML 4x4 transform and an additional 8x8 integer transform matrix. The simulations reveal an improved performance of the proposed scheme. The gains are more than 0.4 dB or 8.5% bitrate savings on average. At high rates, gains of about 1.0dB or 15% bitrate savings can be observed. Some IBBP sequences show slight losses for ABT with Inter only. In these cases, Intra coding is widely used due to the small search range and the strong motion in the sequence.

Impact on high resolution sequences for Digital Cinema applications have to be investigated. Further gains are expected for the ABT concept relative to TML on this material.

We propose to adopt ABT into the JM for Interlaced and High Resolution Video.
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Appendix

5.1 IP BB BB PP
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f1 car ccir field TML90 IBBP

 QP     Rate
PSNR

 28   295270
26.52

 24   736506
29.00

 20  1504487
31.76

 16  2657472
34.57

f1 car ccir field ABT90 IBBP inter

 QP     Rate
PSNR

 28   378064
27.05

 24   834008
29.60

 20  1544367
32.18

 16  2594857
34.90

f1 car ccir field ABT90 IBBP inter&intra

 QP     Rate
PSNR

 28   405418
27.23

 24   899390
29.90

 20  1652320
32.51

 16  2729950
35.31
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canoa ccir field TML90 IBBP

 QP     Rate
PSNR
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 16  2563608
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canoa ccir field ABT90 IBBP inter

 QP     Rate
PSNR

 28   469719
26.92
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 16  2644086
33.34

canoa ccir field ABT90 IBBP inter&intra

 QP     Rate
PSNR
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33.70
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rugby ccir field TML90 IBBP

 QP     Rate
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26.86
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rugby ccir field ABT90 IBBP inter

 QP     Rate
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tempete ccir field TML90 IBBP

 QP     Rate
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 28   218942
25.40
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 20  1045075
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 16  1950152
33.67

tempete ccir field ABT90 IBBP inter

 QP     Rate
PSNR

 28   295589
26.40

 24   589712
28.88

 20  1120160
31.43

 16  1991673
34.10

tempete ccir field ABT90 IBBP inter&intra

 QP     Rate
PSNR

 28   297432
26.44

 24   594279
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 20  1128385
31.47

 16  2004394
34.14

[image: image18.wmf]200

400

600

800

1000

1200

1400

1600

28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

33.5

34

34.5

35

35.5

36

36.5

37

Rate [kbit/s]

PSNR [dB]

football ccir field

TML90 IBBP

ABT90 IBBP inter

ABT90 IBBP inter&intra


football ccir field TML90 IBBP

 QP     Rate
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32.96

 16  1294804
35.31

football ccir field ABT90 IBBP inter

 QP     Rate
PSNR

 28   282716
29.14

 24   484704
31.21

 20   827407
33.44

 16  1384240
35.78

football ccir field ABT90 IBBP inter&intra

 QP     Rate
PSNR

 28   289698
29.35

 24   496261
31.53

 20   847510
33.84

 16  1408579
36.24
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bus ccir field ABT90 IBBP inter

 QP     Rate
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Joint Video Coding Experts Group - Patent Disclosure Form
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JVT Rapporteur Gary Sullivan, Microsoft Corp., One Microsoft Way, Bldg. 9, Redmond WA 98052-6399, USA


Email (preferred): Gary.Sullivan@itu.int  Fax: +1 425 706 7329 (+1 425 70MSFAX)
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This information will be maintained in a “living list” by JVT during the progress of their work, on a best effort basis.  If a given technical proposal is not incorporated in a Recommendation | Standard, the relevant patent information will be removed from the “living list”.  The intent is that the JVT experts should know in advance of any patent issues with particular proposals or techniques, so that these may be addressed well before final approval.

This is not a binding legal document; it is provided to JVT for information only, on a best effort, good faith basis.  Please submit corrected or updated forms if your knowledge or situation changes.

This form is not a substitute for the ITU ISO IEC Patent Statement and Licensing Declaration, which should be submitted by Patent Holders to the ITU TSB Director and ISO Secretary General before final approval.

Submitting Organization or Person:

Organization name
Institut und Lehrstuhl für Nachrichtentechnik, RWTH Aachen


Mailing address
Institut und Lehrstuhl für Nachrichtentechnik

RWTH Aachen
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Country
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Contact person
Mathias Wien


Telephone
+49-241-8027681


Fax
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Email
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Title
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2.0
The submitter is not aware of having any granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.
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The submitter (Patent Holder) has granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.  In which case,
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2.1 The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a free license to an unrestricted number of applicants on a worldwide, non-discriminatory basis to manufacture, use and/or sell implementations of the above Recommendation | Standard.
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2.2
The Patent Holder is prepared to grant – on the basis of reciprocity for the above Recommendation | Standard – a license to an unrestricted number of applicants on a worldwide, non-discriminatory basis and on reasonable terms and conditions to manufacture, use and/ or sell implementations of the above Recommendation | Standard.


Such negotiations are left to the parties concerned and are performed outside the ITU | ISO/IEC.
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2.2.1
The same as box 2.2 above, but in addition the Patent Holder is prepared to grant a “royalty-free” license to anyone on condition that all other patent holders do the same.
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2.3
The Patent Holder is unwilling to grant licenses according to the provisions of either 2.1, 2.2, or 2.2.1 above.  In this case, the following information must be provided as part of this declaration:

· patent registration/application number;
· an indication of which portions of the Recommendation | Standard are affected.
· a description of the patent claims covering the Recommendation | Standard;

In the case of any box other than 2.0 above, please provide the following:

Patent number(s)/status



Inventor(s)/Assignee(s)



Relevance to JVT



Any other remarks:



(please provide attachments if more space is needed)



(form continues on next page)

Third party patent information – fill in based on your best knowledge of relevant patents granted, pending, or planned by other people or by organizations other than your own.

Disclosure information – Third Party Patents (choose one box)
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3.1
The submitter is not aware of any granted, pending, or planned patents held by third parties associated with the technical content of the Recommendation | Standard or Contribution.
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3.2
The submitter believes third parties may have granted, pending, or planned patents associated with the technical content of the Recommendation | Standard or Contribution.



For box 3.2, please provide as much information as is known (provide attachments if more space needed) - JVT will attempt to contact third parties to obtain more information:



3rd party name(s)
Robert Bosch GmbH


Mailing address
PO Box 106050

70049 Stuttgart


Country
Germany


Contact person



Telephone



Fax



Email



Patent number/status



Inventor/Assignee



Relevance to JVT







Any other comments or remarks:
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Figure 2 Prediction of a 8x8 block using the TML prediction mode 1 (skew prediction from top left). The last row of the top adjacent block is used for prediction. Left: Mode 1 is applied without prefiltering. Right: Prefiltering is applied first. 
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