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Introduction

The technique of Adaptive Block Transforms (ABT) was presented in detail at the last raporteurs meeting [1]. We refer to this document for details on the transforms, the ABT quantization and scan, as well as the adaption of the deblocking filter for ABT. The performance results given in the accomanying core experiment report [2] were based on an UVLC design presented in [3].

In this paper, we propose the application of CABAC for encoding of the ABT symbols. In distiction to the former UVLC approach, no 3D-Symbols (Last,Level,Run) are used here. The CABAC encoding technique is applied to the ABT CBP, Level, and Run symbols seperately, using Level = 0 as the EOB symbol. The CABAC encoding methods of the TML symbols are described in the Test Model Document [4].  Only slight modifications of the existing CABAC methods are necessary in order to employ CABAC for ABT coefficients.

Simulation results according to the common testing conditions are given in the last section of this paper. The ABT implementation is based on the TML80 software. It is shown that in terms of objective rate/distortion measurements, ABT performs equal or superior in comparison to TML80. The maximum RD gain of ABT is about 0.5 dB.

Context-based Adaptive Binary Arithmetic Coding (CABAC) for ABT Symbols

CBPY
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The value range of the Coded Block Pattern for Luma (CBPY) is connected to the chosen MB mode for the macroblock to be coded. For modes 1-4 the size of the CBPY blocks corresponds to the block size used for motion compensation and transform. For the higher MB modes the CBPY ordering as described in the TML is used. The numbering of the CBPYs for each MB mode is given in Figure 1 below.

The CBPY encoding method proposed in the TML is used for the ABT CBPY. The CBPY for mode 4-7 macroblocks is coded just using the TML technique. For mode 1 and modes 2,3, only one or two CBP bits are coded, respectively. In the TML, the context for coding each bit depends on the CBPY of the neighbouring 8x8 blocks in horizontal and vertical direction. Here, the larger blocks are treated as combinations of 8x8 blocks for context generation.

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 subblock. Therefore,  the first coefficient Level in a mode 1-4 subblock is coded without the first (EOB-) Bin of the TML Level binarization.

Run

The maximum Run value for ABT coefficients is macroblock mode dependend. E.g., the maximum Run value is 256 in mode 1, which cannot be encoded efficiently with the unary binarization used in the TML. The binarization used here for modes 1-7 is given in the following Table 1. Mode 7 runs are coded using the TML approach.

	RUN
	Binarization

	
	Mode
	5,6
	4
	3,2
	1

	0
	1
	
	
	
	
	

	1
	0
	1
	
	
	
	
	

	2
	0
	0
	1
	
	
	
	

	3
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	4
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	5
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	0

	6
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	7
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	...
	0
	0
	0
	...


	.
	.
	.

	Bin_no.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11


Table 1 : Binarization of the Run symbols for ABT MB modes 1-6. 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 Subblock of the corresponding macroblock mode. It variies from 8 bins for mode 5 and 6 to 11 bins for mode 1. For encoding of the bins 13 contexts are used. The assignment of the contexts is given in Table 2. 

	Mode
	Bin_no.

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	1
	2
	2
	7
	7
	8
	9
	10
	11
	12
	13

	2
	1
	2
	2
	7
	8
	9
	10
	11
	12
	13
	-

	3
	1
	2
	2
	7
	8
	9
	10
	11
	12
	13
	-

	4
	3
	4
	4
	7
	8
	9
	11
	12
	13
	-
	-

	5
	5
	6
	6
	8
	10
	11
	12
	13
	-
	-
	-

	6
	5
	6
	6
	8
	10
	11
	12
	13
	-
	-
	-


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

Simulation Results

Simulation results are given for the sequences recommended in the common conditions document VCEG-M75. The quantiszation parameters for the different frame types were set to 

QUANT_Intra = QUANT_Inter-2
and, if applicable,

QUANT_BFrame = QUANT_Inter+2.

The encoder was set up with the basic configuration shown in Figure 2. Only the frame skip, the number of B-frames, and the quantization parameters were varied for the simulations. Both, ABT coder and TML coder allways used the same settings.

The plots show the average decoded PSNR over the resulting bit rate. The name of the sequence is printed in the figure title of each plot. The legend denotes the coder type, the used frame structure, and the resulting frame rate.
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Discusison

The RD plots show that the application of Adaptive Block Transforms results in an improved or equal objective RD performance for the coding scheme under most of the tested conditions. The maximum PSNR gain is about 0.5 dB. Only Mobile CIF shows a minor PSNR loss under some conditions. 

The subjective performance is improved by ABT. More detail is preserved and less blocking artifacts have to be removed. Even in the cases with a RD loss, the subjective quality of ABT is clearly superior to the TML results.

Subjective results will be presented at the meeting.

IPR-Statement

The contributors are not aware of any issued, pending, or planned patents associated with the technical content of the proposed coding method.
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	Container QCIF IP 10Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	5057
	28.50
	5126
	29.00

	22
	24
	8458
	31.35
	8489
	31.76

	18
	20
	13559
	33.94
	13630
	34.33

	14
	16
	23298
	36.44
	24058
	36.71
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	Foreman QCIF IP 10Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	    17596
	28.45
	    18558
	28.92

	22
	24
	    28791
	31.05
	    29213
	31.43

	18
	20
	    45656
	33.61
	    46053
	33.88

	14
	16
	    71838
	36.19
	    72626
	36.37
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	News QCIF IP 10Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	    10817
	28.65
	    11299
	28.84

	22
	24
	    18630
	31.61
	    19067
	31.79

	18
	20
	    29865
	34.49
	    30722
	34.65

	14
	16
	    46214
	37.34
	    47094
	37.41
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	Silent QCIF IP 15Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	    12138
	28.75
	    12778
	29.05

	22
	24
	    22043
	31.18
	    22799
	31.48

	18
	20
	    37306
	33.72
	    38207
	33.96

	14
	16
	    60861
	36.50
	    61644
	36.67
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	Paris CIF IP 15Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	    60178
	27.44
	    63615
	27.67

	22
	24
	   111053
	30.28
	   114782
	30.45

	18
	20
	   192319
	33.04
	   197919
	33.27

	14
	16
	   317350
	35.87
	   321869
	36.08
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	Mobile CIF IP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	202190
	25.04
	227510
	25.50

	22
	24
	360810
	28.03
	400397
	28.53

	18
	20
	679920
	30.99
	744590
	31.46

	14
	16
	1276979
	34.18
	1336380
	34.44
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	Tempete CIF IP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

dB

	26
	28
	   157686
	26.69
	   174358
	27.33

	22
	24
	   293108
	29.43
	   320886
	29.95

	18
	20
	   565350
	32.15
	   615906
	32.61

	14
	16
	  1086611
	35.12
	  1128078
	35.33
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	Mobile CIF IBP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

DB

	26
	28
	   143447
	25.15
	   159551
	25.46

	22
	24
	   262765
	27.93
	   289619
	28.30

	18
	20
	   509658
	30.74
	   550764
	31.07

	14
	16
	   981570
	33.76
	  1022505
	33.89
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	Tempete CIF IBP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

DB

	26
	28
	   117799
	26.80
	   128362
	27.28

	22
	24
	   219169
	29.37
	   235671
	29.74

	18
	20
	   425192
	31.89
	   454430
	32.19

	14
	16
	   839593
	34.61
	   871293
	34.74



	
	Mobile CIF IBBP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

DB

	26
	28
	   125496
	25.14
	   138160
	25.38

	22
	24
	   232906
	27.83
	   255177
	28.11

	18
	20
	   457555
	30.56
	   488380
	30.81

	14
	16
	   900937
	33.50
	   933798
	33.59



	
	Tempete CIF IBBP 30Hz

	
	TML
	ABT

	QPI
	QPP
	Rate

bit/s
	PSNR

dB
	Rate

bit/s
	PSNR

DB

	26
	28
	   103549
	26.78
	   112238
	27.18

	22
	24
	   195602
	29.28
	   209155
	29.55

	18
	20
	   383772
	31.71
	   405256
	31.92

	14
	16
	   772771
	34.34
	   800869
	34.42
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Figure � SEQ Figure \* ARABIC �0� : CBPY for ABT.





Figure 2 : Encoder configuration used for all simulations.





# New Input File Format is as follows


# <ParameterName> = <ParameterValue> # Comment


#


# See configfile.h for a list of supported ParameterNames


#


# Known bug: Empty strings, i.e. to signal a non-existent trace file must be coded as ""


#





TRModulus			=	256	# Modulus for TR, not yet used, MUST be 256


PicIdModulus			=	256	# Modulus for the PictureID (used for RPS), …


# PictureTypeSequence		=	PBB	# A string that defines the picture types,…





##########################################################################################


# Encoder Control


##########################################################################################





MVResolution			=	1	# Motion Vector Resolution: 0: 1/4-pel, 1: 1/8-pel


UseHadamard			=	1	# Hadamard transform (0=not used, 1=used)


SearchRange			=	16	# Max search range


NumberRefereceFrames 		=	5	# Number of previous frames used for inter motion…


MbLineIntraUpdate		=	0	# Error robustness(extra intra macro block… 


InterSearch16x16		=	1	# Inter block search 16x16 (0=disable, 1=enable)


InterSearch16x8		=	1	# Inter block search 16x8  (0=disable, 1=enable)


InterSearch8x16		=	1	# Inter block search  8x16 (0=disable, 1=enable)


InterSearch8x8			=	1	# Inter block search  8x8  (0=disable, 1=enable)


InterSearch8x4			=	1	# Inter block search  8x4  (0=disable, 1=enable)


InterSearch4x8			=	1	# Inter block search  4x8  (0=disable, 1=enable)


InterSearch4x4			=	1	# Inter block search  4x4  (0=disable, 1=enable)





##########################################################################################


# Error Resilience / Slices


##########################################################################################





SliceMode			=	0	# Slice mode (0=off 1=fixed #mb in slice 2=… SliceArgument			=	2	# Slice argument (Arguments to modes 1 and 2 above)





##########################################################################################


# Output Control, NALs


##########################################################################################





SymbolMode			=	1	# Symbol mode (Entropy coding method: 0=UVLC,… OutFileMode			=	0	# Output file mode, to be described


PartitionMode			=	0	# Partition Mode, to be described


SequenceHeaderType		=	0	# Type of Sequence HeaderType (0:none, 1:MiniBinary)








##### added by HS #####


RestrictSearchRange		=	1	# restriction for (0: blocks and ref, 1: ref, 2:no…


RDOptimization 		=	1	# rd-optimized mode decision (0:off, 1:on)








#LastFrameNumber		=	99	# Last frame number that have to be coded 


#ChangeQPP			=	23	# QP (P-frame) for second part of sequence


#ChangeQPB			=	25	# QP (B-frame) for second part of sequence


#ChangeQPStart			=	67	# Frame no. for second part of sequence 
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