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Abstract

This document reports the two updated techniques on directional transform since the last meeting. The first one is the directional multiple transform (DMT) for inter residual blocks. Based on the direction information of the residual signal, multiple transforms are used to match the texture feature of the residues. The syntax coding is optimized by using temporal predictive coding. The other technique is the rate distortion optimized transform (RDOT) for intra residual blocks, as described in detail in [2]. 
1 Directional Multiple Transform 
1.1 Overview of the Technique
The DMT was included in the proposal for CfP in the Dresden meeting [3]. It is reviewed briefly in this section, and the following section 1.2 describes the updated technique since the last meeting.
It is observed that there exists structured texture information in the residual blocks. And the DCT transform, which is used in the current H.264/AVC standard, cannot deal perfectly with these blocks containing various textures. Based on this consideration, DMT introduces multiple transforms based on the directional texture of the residual block. The residual blocks are categorized according to the direction of the textures, and the K-L transforms are then trained for each category. These K-L transforms and the DCT transform are evaluated together through RDO process for the blocks with residue available, as shown in the Figure 1. Currently 8 transforms are used for 8 directions accordingly. 
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Figure 1. Encoding flow with DMT
1.2 Temporal predictive coding 
It is observed that the selected direction through RDO process is closely correlated with the texture information of the prediction block in the reference picture, obtained according to the motion vector.
The texture direction of the prediction block is derived based on the block gradient along all directions. The strongest gradient among them represents the direction at the right angle with the texture direction of the prediction block.
After the RDO process, the side information indicating the transform selection is transmitted in the bitstream, before writing residual coefficients. Two types of side information are needed as described below. Table 1 shows the corresponding syntax in the bitstream, which is transmitted just before writing the transform coefficients.
1. One bit flag “directional_transform_flag” to indicate the use of directional transform or DCT transform.
2. Transform index to indicate which directional transform is used, if directional transform is used. To represent this information, the straightforward coding is expensive. 3 bits are needed in order to represent 8 directions. Based on the correlation as described above, the predictive coding is applied. The prediction of the direction is calculated according to the prediction block, and the actual syntax encoded is the difference between the current selected direction and the direction of the prediction block. Through the experiments, it is observed that most of the syntax values encoded are 0 or 1, resulting much lower overhead with CABC entropy coding. 
Table 1. Syntax elements for transform index.
	…… 

	if( CodedBlockPatternOfCurrentBlock){

	
directional_transform_flag

	
if(directional_transform_flag)

	      transform_index

	}

	……


1.3 Experimental Results
The proposed technique is implemented into the KTA software with version 2.6r1. Currently it is only applied on the 8x8 transform blocks, and implementation on other block sizes will be done soon later. The anchor of the test condition is based on the VCEG-AJ10r1. Since the new coding tools in the KTA software are subject to the evaluation in the TE or through other means, they are not switched on in the experiment. 
In terms of the large MB, it is switched off because the non-AVC transforms such as 16x16 transform are used. Such AVC-beyond transform techniques as well as the usage of these transforms in various coding mode are the study subjects of the transform AHG. And at this moment, only AVC transform techniques exist in the anchor configuration, with UseExtMB=0.
Two sets of test conditions are used: CS1 and CS2, defined by CfP in the document N11113 in Jan 2010 meeting. The QPs used for I slices (QP_I) are 22, 27, 32, 37, in order to represent wide bitrate range. QPs of P slices are QP_I+1. QPs of the first B layer are QP_I+2. QPs of the second B layer are QP_I+3. QPs of the third B layer are QP_I+4. 
Table 2 shows the performance of DMT. The evaluation criteria is based on BD-Rate and BD-PSNR, as described in [4]. From the table, it can be seen that the performance for CS2 and CS1 test condition is about -2.5% and -1.2%, respectively. Also it is noticed that the performance for class A sequences is worse than other sequences. Below provides the analysis and possible further optimizations.
1. The current implementation for B frame is the main reason to lower the performance under the CS1 test condition. Currently the DMT implementation is the same as that in P frame. However, since there are much less residuals in B frame compared with the P frame, it will be further optimized in order to reduce overhead cost.
2. The results for class A sequences are not that good, and the performance lowers the average performance of the DMT technique. The main reason is that the residuals are less than that of the sequences with smaller sizes, and hence improving 8x8 transforms are not that useful compared with smaller sequences. Suitable DMT implementation on larger transform sizes is expected to bring better performance with the DMT technique.
	Table 2. RD performance of DMT
　
	
	CS1
	CS2

	Sequence
	Resolution
	BD-RATE
	BD-PSNR
	BD-RATE
	BD-PSNR

	PeopleOnStreet
	2560x1600
	-0.789
	0.031
	-2.193
	0.078

	Traffic
	2560x1600
	-0.326
	0.015
	-0.948
	0.044

	　
	Average:
	-0.558
	0.023
	-1.571
	0.061

	Kimono
	1920x1080
	-0.011
	0.000
	-0.732
	0.028

	ParkScene
	1920x1080
	-0.388
	0.014
	-1.129
	0.040

	Cactus
	1920x1080
	-1.179
	0.028
	-2.651
	0.062

	BasketballDrive
	1920x1080
	-1.279
	0.033
	-2.701
	0.069

	BQTerrace
	1920x1080
	-2.443
	0.055
	-4.285
	0.114

	　
	Average:
	-1.060
	0.026
	-2.300
	0.062

	Basketball Drill
	832x480
	-2.783
	0.116
	-5.515
	0.220

	BQMall
	832x480
	-1.489
	0.065
	-2.706
	0.118

	Party Scene
	832x480
	-1.711
	0.078
	-2.125
	0.104

	Race Horses
	832x480
	-1.176
	0.049
	-2.164
	0.098

	　
	Average:
	-1.790
	0.077
	-3.128
	0.135

	BasketballPass
	416x240
	-0.946
	0.047
	-2.375
	0.119

	BQSquare
	416x240
	-0.537
	0.023
	-0.908
	0.039

	BlowingBubbles
	416x240
	-1.856
	0.074
	-3.615
	0.149

	Race Horses
	416x240
	-1.111
	0.054
	-1.921
	0.098

	　
	Average:
	-1.113
	0.050
	-2.205
	0.101

	Vidyo1
	1280x720
	
	
	-2.081
	0.057

	Vidyo3
	1280x720
	
	
	-3.048
	0.105

	Vidyo4
	1280x720
	
	
	-1.690
	0.052

	　
	Average:
	
	
	-2.273
	0.071

	　
	Average of
 all sequences:
	-1.202
	0.045
	-2.377
	0.088


1.4 Complexity Analysis

At the encoder side, the multiple transforms need to be evaluated by the RDO process and it introduces extra complexity. The experiment shows that the average complexity overhead in terms of encoding time is 50%. However, since there are one or more redundant RDO processes in the current codec, in order to ease the software implementation, this figure does not show accurate information and could be easily optimized further.
As the decoder could know the transform selection, it does not introduce multiple transform computations at the decoder side. The only extra complexity is the calculation of the direction of the predictor block. The average complexity overhead in terms of decoding time is 14%. Again, it can be optimized as well, since the modules like fetching predictor block are done twice in the current decoder for easier implementation.
2 Rate-Distortion Optimized Transform

2.1  Algorithm description
The proposed rate-distortion optimized transform (RDOT) is an improved technique on the basis of the mode dependant directional transform (MDDT) technique [6]. It is observed that the residual blocks usually show different statistical characteristics even for the same intra prediction (IP) mode, and RDOT was introduced to deal with these diversified residual blocks. At the encoder side, RDOT applies several different transforms to the residual block obtained after intra prediction, and selects the best transform via rate-distortion optimization. To reduce the complexity of the encoder, an early termination mechanism is introduced into the RDO selection process.

RDOT is applied on all the intra prediction modes. One bit flag is written in the MB header to indicate if RDOT is used. In case RDOT is used, additional syntax is used to specify the index of selected transform matrix for both column and row transform. Please refer to [2][3] for more details.
2.2 Experimental results
Table 3. Coding performance in terms of BD_Rate and BD_PSNR, and computational complexity in terms of encoding and decoding time (the ratio compared to the anchor)
	Sequence name
	Coding performance
	Computational complexity

	
	All-Intra
	CS1
	All-Intra
	CS1

	
	BD_Rate
	BD_PSNR
	BD_Rate
	BD_PSNR
	Encoding
	Decoding
	Encoding
	Decoding

	Traffic
	-8.44
	0.481
	-3.75
	0.140
	4.28
	1.28
	1.11
	1.07

	PeopleOnStreet
	-9.08
	0.557
	-2.89
	0.134
	4.23
	1.25
	1.15
	1.08

	Class A avg
	-8.76
	0.519
	-3.32
	0.137
	4.25
	1.26
	1.13
	1.08

	Kimono1
	-7.83
	0.294
	-2.11
	0.075
	4.46
	1.33
	1.03
	1.07

	ParkScene
	-7.29
	0.353
	-1.91
	0.069
	5.74
	1.27
	1.04
	1.06

	Cactus
	-7.80
	0.329
	-4.09
	0.097
	5.23
	1.29
	1.09
	1.09

	BasketballDrive
	-7.03
	0.226
	-4.26
	0.110
	4.31
	1.31
	1.14
	1.08

	BQTerrace
	-6.55
	0.407
	-3.45
	0.077
	5.22
	1.25
	1.09
	1.06

	Class B avg
	-7.30
	0.322
	-3.16
	0.086
	4.99
	1.29
	1.08
	1.07

	BasketballDrill
	-6.86
	0.357
	-4.04
	0.169
	4.15
	1.19
	0.97
	1.07

	BQMall
	-8.19
	0.516
	-3.55
	0.154
	4.16
	1.24
	1.01
	1.06

	PartyScene
	-6.45
	0.538
	-2.75
	0.126
	3.48
	1.20
	1.59
	1.07

	RaceHorses
	-5.41
	0.400
	-2.08
	0.088
	4.98
	1.25
	1.69
	1.08

	Class C avg
	-6.73
	0.453
	-3.10
	0.134
	4.19
	1.22
	1.32
	1.07

	BasketballPass
	-6.99
	0.432
	-3.24
	0.163
	4.67
	1.26
	1.01
	1.08

	BQSquare
	-6.71
	0.637
	-2.61
	0.108
	3.71
	1.20
	1.03
	1.08

	BlowingBubbles
	-6.54
	0.431
	-2.47
	0.099
	5.51
	1.20
	0.99
	1.10

	RaceHorses
	-7.04
	0.498
	-2.23
	0.111
	5.32
	1.26
	1.05
	1.11

	Class D avg
	-6.82
	0.500
	-2.64
	0.120
	4.80
	1.23
	1.02
	1.09

	vidyo1
	-9.70
	0.525
	-6.46
	0.215
	3.43
	1.30
	1.13
	1.06

	vidyo3
	-10.44
	0.643
	-4.10
	0.145
	3.71
	1.29
	1.22
	1.04

	vidyo4
	-8.82
	0.449
	-3.63
	0.112
	4.49
	1.30
	1.06
	1.05

	Class E avg
	-9.65
	0.539
	-4.73
	0.157
	3.88
	1.29
	1.14
	1.05

	All class avg
	-7.62
	0.449
	-3.03
	0.115
	4.50
	1.26
	1.13
	1.07


As illustrated in Table 3, the proposed RDOT shows better performance compared with MDDT. Under All-Intra test condition, on average -7.62%/0.65dB BD-Rate/BD-PSNR gains are obtained. The encoding time is 4.5 times of that of Anchor, and the decoding time 1.26 times. Under the CS1 condition, the gain is -3.03%/0.12dB. The encoding time is 1.13 times of that of Anchor, and decoding time 1.07 times. 

In conclusion, the proposed RDOT achieves good coding gains while not increasing the complexity too much under the CS1 test condition. 
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