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Abstract
In this contribution, a rate-distortion optimized variable block transform coding scheme is proposed based on a hierarchical variable-sized block transforms for macroblock (MB) coding with a set of the order-4 and -8 integer cosine transform (ICT) kernels of H.264|MPEG-4 Part 10 AVC in addition with a new proposed order-16 ICT kernel. The set of order-4, -8 and -16 ICT kernels are applied for inter-predictive coding in square (4(4, 8(8 or 16(16) and non-square (16(8 or 8(16) transform for each MB in a hierarchically structured manner. The proposed hierarchical variable-sized block transform scheme using the order-16 ICT kernel achieves average 3.78% bitrate reduction for test sequences of Constraint Set 2, compared to the High profile of H.264|MPEG-4 Part 10 AVC and shows a promising possibility of further developments in conjunction with enlarged MBs in the future Test Model of HEVC.
1 Introduction
Although large transform uses relatively larger kernel size so that more energy compaction is expected in the stationary and isotropic texture regions, it suffers from more ringing artifacts in the highly textured regions with high contrast and strong edges. In this case, the input signal is difficult to be modelled as a 1st order Markov field. 
In [1] of our previous works, an order-32 integer cosine transform (ICT) does not result in substantial improvement in coding efficiency due to the increased prediction errors with an enlarged prediction block size compared to an order-16 ICT. In addition, the computational complexity increases due to higher order matrix computations. The transform kernels of small sizes have an advantatge with easy adpatation to local singularity of the pixel data. It can result in the better visual quality in the highly detailed regions with small computation complexity. In this contriburtion, a hierarchical variable-sized block transform (HVBT) scheme with an order-16 ICT kernel is proposed to overcomes the problem of a single-type ICT by utilizing both advantag of small and large transform kernels since a multiple-type ICT can be applied for each MB. 

2 Hierarchical Variable-sized Block Transform (HVBT)
Two types of transform blocks are utilized in H.264/AVC. Single-bit side information (luma_transform_size_8
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8_flag) is sent to signal a transform type of either 4
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4 or 8
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8 transform kernel. This coding structure of a single type transform has an advantage in saving the bit amount required for side information signaling while it is inefficient to adapt to the changing local characteristics of the pixel data within an MB. We propose a hierarchical-structured variable block size transform scheme so that multiple-type transforms can be applied to each MB in the sense of the minimum RD cost, depending on the local characteristics of input images. Fig. 1 shows an illustration of the proposed HVBT with the proposed transform partitions. In Fig 1-(a), the top left MB is assumed to have an isotropic texture region in which the largest 16
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16 transform is more efficient while the top right MB is partitioned into smaller transform blocks so that smaller ringing-artifact can be produced and it can better adapt to the local characteristics of pixel data within the MB. Fig. 1-(b) shows the proposed HVBT types which can be applied in an MB. Five transform types of 16
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16, 16
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8, 8
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16 (T16) and 8
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8 and 4
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4 (T8) sizes are defined in total. In HVBT, the order-16 orthogonal ICT transform kernel matrix as (1) is used for T16.
	TICT,16=
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	(a) An example of the HVBT applied for MBs
	(b) Proposed transform types of the HVBT with the order-16 transform kernel


Fig. 1. An illustration of the proposed hierarchical variable-sized block transform (HVBT) with the proposed transform partitions

Table. I. Transform Types of the HVBT for MB Modes

	MB modes
	T16 Types
	T8 Types

	16
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16
	16
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16
	8
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	16
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	16
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	8
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	8
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	N/A
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	N/A
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Table 1 summarizes the available transform types of the proposed HVBT for different MB modes. The transform size is not supposed to exceed the motion partition size in HVBT. Transform type is selected based on a rate-distortion optimized way. A disadvantage of the variable block transform is to signal large amounts of side information for transform types. In particular, if the smaller block transform of the T8 type is selected in the proposed scheme, additional side information is required for each 8
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8 unit block. In the proposed HVBT shown in Fig. 1, for example, a single bit to represent the transforms of T16 type is signaled for the top left MB as side information, ‘1001’ for the top right MB, ‘1010’ for the bottom left MB and ‘0111’ for the bottom right, respectively. The four-bit or single-bit signaling data for each MB are denoted as Ttype. Compared to the fixed single-type transform coding such as all 4
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4 or all 8
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8 transforms for each MB in H.264/AVC, the side information required for the HVBT could be 5-bit in maximum. In order to save the bit amount of side information in our proposed HVBT scheme, Ttype is coupled with a 4 bits luma cbp value, For example, if there are all zero coefficients for the first and third 8
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8 block in top-right MB in Fig. 1, only 2 bits are encoded to represent to transform types for the second and fourth blocks. In addition, Ttype is not encoded for 8
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4, 4
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8 and 4
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4 sub-MB modes since a single transform type 4
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4 is only used. 
3 Experimental Results
The proposed HVBT scheme with the order-16 ICT kernel is implemented by extending the KTA2.3JM11.0 [2]. The maximum MB size is 16
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16 (UseExtMB =0). The experiments are performed on the test sequences of Constraints Set 2 relative to Beta anchor. As suggested by Ad hoc group 5, 120 frames for each test sequence are tested with GOP structure IPPP. RDOQ is turned off for all test conditions. In order to investigate the effect of the HVBT, we compared the HVBT with H.264|MPEG-4 Part 10 AVC and single type transforms which is denoted as ST (all 4
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4, all 8
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8 transforms and a 16
[image: image43.wmf]´

16 transform in an MB are used). In addition, RD performances affected by QP ranges and non-AVC tools (MVC, HPF, QALF) are also investigated for HVBT. Thus we set up four experimental conditions as shown in Table II. For the experiments, we use the test condition suggested by Ad hoc group 5 and RD performances are compared furthermore under three additional test conditions for a new QP range (20, 24, 28 and 32) with the non-AVC tools turned on and off. 
Table. II. Experimental Setup 
	
	Non-AVC tools On/Off

	QP_P
	On 
	Off

	Low QP (20, 24, 28, 32)
	Set 0 
	Set 1 

	High QP (28, 31, 35, 39)
	Set 2 
	Set 3 


Set 0 (Low QP and non-AVC tools On)

· Class B
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Kimono1
	-2.03
	0.05
	-1.31
	-2.17
	-1.52
	0.04
	-3.47
	0.95

	ParkScene
	-0.49 
	0.02
	-0.68 
	-0.15 
	-1.18 
	0.04
	-2.77 
	1.08 

	Cactus
	-1.14 
	0.03
	-0.62 
	-1.86 
	-1.42 
	0.04
	-1.58 
	-0.52 

	BQTerrace
	-0.45 
	0.01
	-0.37 
	-0.59 
	-1.07 
	0.03
	-1.51 
	0.19 

	BasketballDrive
	-2.74 
	0.06
	-1.70 
	-3.09 
	-3.77 
	0.08
	-3.15 
	-2.62 

	Average
	-1.37
	0.03
	-0.93
	-1.57
	-1.79
	0.05
	-2.50
	-0.18


· Class C
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low

	BQMall
	-1.32 
	0.05
	-0.97 
	-1.45 
	-2.37 
	0.09
	-2.87 
	-1.49 

	PartyScene
	-0.45 
	0.02
	-0.33 
	-0.48 
	-1.73 
	0.10
	-1.78 
	-1.54 

	RaceHorses
	-0.32 
	0.02
	0.05 
	-0.52 
	-1.55 
	0.08
	-1.33 
	-1.43 

	BasketballDrill
	-2.64 
	0.11
	-3.03 
	-1.88 
	-2.59 
	0.11
	-3.96 
	-0.91 

	Average
	-1.18
	0.05
	-1.07
	-1.08
	-2.06
	0.10
	-2.48
	-1.34


· Class D
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	BQSquare
	0.08 
	-0.01
	-0.04 
	0.16 
	-0.43 
	0.03
	-0.72 
	-0.01 

	RaceHorses
	-0.26 
	0.01
	-0.19 
	-0.22 
	-1.42 
	0.08
	-1.67 
	-0.89 

	BasketballPass
	-0.61 
	0.03
	-0.65 
	-0.61 
	-1.45 
	0.08
	-1.50 
	-1.33 

	BlowingBubbles
	-0.10 
	0.00
	-0.13 
	-0.20 
	-1.05 
	0.05
	-1.46 
	-0.61 

	Average
	-0.23
	0.01
	-0.25
	-0.22
	-1.09
	0.06
	-1.34
	-0.71


· Class E
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Vidyo1
	-1.03 
	0.02
	-1.68 
	-0.48 
	5.01 
	-0.11
	-0.74 
	10.52 

	Vidyo3
	-0.63 
	0.02
	-1.81 
	0.44 
	0.70 
	-0.01
	-3.47 
	5.98 

	Vidyo4
	-1.67 
	0.04
	-1.53 
	-1.24 
	2.36 
	-0.05
	-1.53 
	8.36 

	Average
	-1.11
	0.03
	-1.67
	-0.43
	2.69
	-0.06
	-1.91
	8.29


Set 1 (Low QP and non-AVC tools off)

· Class B
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Kimono1
	-3.18
	0.08
	-1.09
	-4.61
	-4.78
	0.12
	-4.52
	-4.72

	ParkScene
	-1.42 
	0.05
	-0.71 
	-2.23 
	-3.24 
	0.11
	-3.45 
	-3.00 

	Cactus
	-0.94 
	0.03
	0.13 
	-3.02 
	-2.47 
	0.06
	-1.46 
	-3.22 

	BQTerrace
	-2.09 
	0.06
	-0.80 
	-4.34 
	-3.61 
	0.11
	-2.25 
	-5.65 

	BasketballDrive
	-3.53 
	0.08
	-1.70 
	-5.11 
	-5.79 
	0.14
	-3.47 
	-7.26 

	Average
	-2.23
	0.06
	-0.83
	-3.86
	-3.98
	0.11
	-3.03
	-4.77


· Class C
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low

	BQMall
	-2.07 
	0.08
	-1.00 
	-2.86 
	-3.93 
	0.16
	-3.52 
	-4.05 

	PartyScene
	-0.58 
	0.03
	-0.26 
	-0.90 
	-2.04 
	0.12
	-1.81 
	-2.31 

	RaceHorses
	-0.53 
	0.03
	0.05 
	-1.04 
	-1.96 
	0.10
	-1.47 
	-2.24 

	BasketballDrill
	-4.10 
	0.18
	-3.42 
	-4.63 
	-4.69 
	0.21
	-4.66 
	-4.86 

	Average
	-1.82
	0.08
	-1.16
	-2.36
	-3.16
	0.15
	-2.86
	-3.36


· Class D
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	BQSquare
	-0.25 
	0.01
	-0.15 
	-0.42 
	-1.48 
	0.09
	-1.49 
	-1.55 

	RaceHorses
	-0.48 
	0.03
	-0.26 
	-0.54 
	-1.70 
	0.10
	-1.90 
	-1.38 

	BasketballPass
	-1.60 
	0.09
	-1.23 
	-1.76 
	-3.40 
	0.19
	-3.24 
	-3.38 

	BlowingBubbles
	-0.54 
	0.02
	-0.26 
	-0.97 
	-1.97 
	0.09
	-1.87 
	-2.17 

	Average
	-0.72
	0.04
	-0.48
	-0.92
	-2.14
	0.12
	-2.12
	-2.12


· Class E
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Vidyo1
	-9.85 
	0.26
	-8.46 
	-8.71 
	-8.70 
	0.23
	-10.50 
	-5.35 

	Vidyo3
	-4.59 
	0.13
	-4.23 
	-3.97 
	-6.22 
	0.17
	-7.00 
	-3.58 

	Vidyo4
	-4.92 
	0.12
	-3.75 
	-4.96 
	-4.57 
	0.11
	-5.52 
	-2.17 

	Average
	-6.45
	0.17
	-5.48
	-5.88
	-6.50
	0.17
	-7.68
	-3.70


Set 2 (High QP and non-AVC tools On)

· Class B
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Kimono1
	-1.06
	0.04
	-2.48
	0.04
	6.38
	-0.22
	0.58
	11.91

	ParkScene
	0.38
	-0.01
	-0.12
	0.86
	5.65
	-0.18
	1.05
	11.03

	Cactus
	-0.71
	0.02
	-1.62
	-0.08
	3.37
	-0.09
	-0.71
	7.03

	BQTerrace
	0.17
	0.00
	-0.39
	0.48
	6.16
	-0.12
	-0.09
	12.41

	BasketballDrive
	-1.51
	0.04
	-2.91
	-0.59
	1.09
	-0.03
	-2.92
	4.55

	Average
	-0.55 
	0.02 
	-1.50 
	0.14 
	4.53 
	-0.13 
	-0.42 
	9.39 


· Class C
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	BQMall
	-0.89
	0.04
	-1.39
	-0.31
	0.70
	-0.03
	-1.51
	3.40

	PartyScene
	-0.35
	0.01
	-0.51
	-0.13
	-0.78
	0.03
	-1.51
	0.54

	RaceHorses
	-0.28
	0.01
	-0.43
	-0.11
	0.14
	0.00
	-1.24
	2.06

	BasketballDrill
	-0.92
	0.04
	-1.69
	-0.29
	1.20
	-0.04
	-1.03
	4.28

	Average
	-0.61 
	0.03 
	-1.01 
	-0.21 
	0.32 
	-0.01 
	-1.32 
	2.57 


· Class D
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	BQSquare
	0.31
	-0.01
	0.43
	-0.12
	2.46
	-0.09
	-0.02 
	5.36 

	RaceHorses
	-0.16
	0.01
	-0.23
	-0.06
	-0.20
	0.01
	-0.88 
	0.84 

	BasketballPass
	-0.59
	0.03
	-0.82
	-0.17
	0.58
	-0.02
	-1.40 
	3.23 

	BlowingBubbles
	0.16
	-0.01
	0.01
	0.16
	0.84
	-0.03
	-0.13 
	2.55 

	Average
	-0.07 
	0.01 
	-0.15 
	-0.05 
	0.92 
	-0.03 
	-0.61 
	3.00 


· Class E
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Vidyo1
	0.08
	0.00
	-0.40
	0.34
	17.84
	-0.66
	10.11
	24.92

	Vidyo3
	0.62
	-0.02
	0.30
	0.61
	11.95
	-0.46
	5.81
	16.83

	Vidyo4
	-0.30
	0.01
	-0.85
	0.15
	14.73
	-0.49
	8.41
	20.52

	Average
	0.13 
	0.00 
	-0.32 
	0.37 
	14.84 
	-0.54 
	8.11 
	20.76 


Set 3 (High QP and non-AVC tools Off)

· Class B
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Kimono1
	-3.48
	0.14
	-4.26
	-2.19
	-2.77
	0.12
	-4.19
	-0.85

	ParkScene
	-1.79 
	0.07
	-1.87 
	-1.18 
	-2.16 
	0.08
	-2.66 
	-0.73 

	Cactus
	-2.20 
	0.07
	-2.56 
	-1.84 
	-1.86 
	0.06
	-3.18 
	-0.71 

	BQTerrace
	-2.86 
	0.07
	-2.87 
	-2.94 
	-2.36 
	0.06
	-4.62 
	-0.70 

	BasketballDrive
	-2.51 
	0.08
	-4.74 
	-1.06 
	-4.29 
	0.13
	-6.97 
	-2.04 

	Average
	-2.57
	0.09
	-3.26
	-1.84
	-2.69
	0.09
	-4.32
	-1.01


· Class C
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDSNR

Avg
	BDBR

High
	BDBR

Low

	BQMall
	-2.25 
	0.10
	-2.70 
	-1.89 
	-2.54 
	0.12
	-3.90 
	-0.90 

	PartyScene
	-0.99 
	0.04
	-0.84 
	-1.08 
	-2.64 
	0.12
	-1.85 
	-3.32 

	RaceHorses
	-0.76 
	0.03
	-0.94 
	-0.50 
	-1.24 
	0.05
	-2.09 
	-0.10 

	BasketballDrill
	-2.97 
	0.12
	-4.28 
	-1.73 
	-3.51 
	0.14
	-4.54 
	-1.85 

	Average
	-1.74
	0.07
	-2.19
	-1.30
	-2.48
	0.11
	-3.10
	-1.54


· Class D
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	BQSquare
	-0.16 
	0.01
	-0.24 
	-0.01 
	-0.26 
	0.01
	-1.45 
	1.64 

	RaceHorses
	4.15 
	-0.18
	2.78 
	5.74 
	-1.39 
	0.06
	-1.33 
	-1.47 

	BasketballPass
	-1.20 
	0.06
	-1.87 
	-0.49 
	-2.33 
	0.11
	-3.59 
	-0.48 

	BlowingBubbles
	-0.79 
	0.03
	-0.78 
	-0.61 
	-1.76 
	0.07
	-1.72 
	-1.41 

	Average
	0.50
	-0.02
	-0.03
	1.16
	-1.43
	0.06
	-2.02
	-0.43


· Class E
	Sequence
	H.264/AVC vs. ST
	H.264/AVC vs. HVBT

	
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low
	BDBR

Avg
	BDPSNR

Avg
	BDBR

High
	BDBR

Low

	Vidyo1
	-3.75 
	0.17
	-6.74 
	-1.05 
	-0.14 
	0.01
	-3.49 
	2.76 

	Vidyo3
	-2.94 
	0.13
	-3.26 
	-2.91 
	-1.16 
	0.05
	-3.10 
	0.18 

	Vidyo4
	-2.21 
	0.09
	-3.98 
	-0.77 
	0.80 
	-0.03
	-1.04 
	2.37 

	Average
	-2.97
	0.13
	-4.66
	-1.57
	-0.17
	0.01
	-2.54
	1.77
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(a) H.264/AVC (QP 24)
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(b) The proposed HVBT (QP 24)


Fig. 2. Selected transform types for the HVBT (6th frame of BasketballDrill 840
[image: image46.wmf]´

480, QP 24) ( ∙ : SKIP mode)
4 Discussions and Suggestions
The advantage of the proposed HVBT scheme includes: (1) it shows the RD performance improvements consistently in a high bit range regardless of whether the non-AVC tools were ON or OFF. The best performance is obtained when the non-AVC tools are turned OFF; (2) HVBT is a low complexity tool: the encoder and decoder complexity is nearly the same as that of JM11.0. 
The weak point of the current HVBT scheme is that its RD performance is degraded in low bit ranges. Especially, this is noticeably observed when the non-AVC tools are ON. The reason for this performance degradation is because the high QP and non-AVC tools tend to lower the energy of ICT coefficients, which leads to the SKIP modes and large block modes to be more preferably selected than the hierarchical transform partitions.
We presented our preliminary results and analyzed the performance of our proposed HVBT scheme, which showed somewhat limited performance improvements under the current test conditions. Nevertheless, there are some possibilities of improving the proposed HVBT scheme: (1) its signaling syntax of transforms types are not optimized, which can further be improved in the future TM architecture; (2) The maximum size of the transform kernels of HVBT is limited to order-16, which can be combined with the transform kernels of larger sizes in conjunction with the scalable syntax in the future TM architecture.

Finally, there are some issues to point out: (1) the QP for the transform study is used with the set of QP values (28, 31, 35, 39) which seems to be favorably shifted towards a lower bit range. It is worthwhile to consider whether the current QP range is appropriate for high quality applications such as broadcasting with high spatial resolutions; (2) the test sequences to be used for the transform experiments seem to lean toward a set of complex scenes which may drive some tools to overfit a particular data set and statistically distort the tools’ performances unless the tools under test exhibit consistency in performance for other non-test sequence as well. Therefore, it is also worthwhile to consider more appropriate sets of test sequences.
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