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Abstract
Transform skip mode was proposed in JCTVC-F077. Instead of always applying a 2-D transform to the prediction residual, transform in the row or column direction can be skipped. JCTVC-F077 did not propose changes to transform coefficient coding. In this contribution, we propose changes to the coding of the last non-zero transform coefficient and coding of significance flags. Compared to HM 4.0, BD-rates of -0.6% (without class F) and -1.4% (with class F) are observed. The proposed modifications to HE transform coefficient coding for transform skip modes contribute BD-rates of -0.1% (without class F) and -0.2% (with class F).
1 Introduction
Transform skip mode was proposed in JCTVC-F077 [1]. Instead of always applying a 2-D transform to the prediction residual, transform in the row or column direction can be skipped. JCTVC-F077 did not propose changes to transform coefficient coding. But when transform is skipped in one or both directions, the characteristic of the prediction residual is quite different. In this contribution, we propose changes to the coding of the last non-zero transform coefficient and coding of significance flags.
2 Proposal
2.1 Coding of last significant coefficient position

The coding of last significant coefficient position is changed as follows. In the current version of the HEVC working draft, the position of the last non-zero coefficient in the scan order is coded explicitly, before coding the significance and level information. Let the last non-zero coefficient in the scan order be denoted by (lastX, lastY), where lastX denotes the column number for the last non-zero coefficient and lastY denotes the row number for the last non-zero coefficient. When a vertical scan is used, the values of lastX and lastY are swapped.

When a 2-D transform is applied to the prediction residual, lastX and lastY typically have small magnitudes because of the concentration of non-zero coefficients in the lower frequencies. But when a transform is skipped in a particular direction, the last position in that direction can have larger magnitude. Hence we code last position in the skipped direction using fixed number of bits in bypass mode. The number of bits used is
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. The coding of last position in the direction in which transform is applied is unchanged from the current HEVC working draft. Table 1 summarizes coding of lastX and lastY.

	Transform
	LastX
	LastY

	2-D
	HM
	HM

	Horizontal-skip
	Fixed (bypass mode)
	HM

	Vertical-skip
	Fixed (bypass mode)
	HM

	No transform
	Fixed (bypass mode)
	Fixed (bypass mode)


Table 1: Coding of the last significant coefficient position for different transform skip modes
2.2 Coding of significance flags

When no transform is applied to a block, the significant coefficients tend to cluster but their location can be anywhere within the block. When horizontal transform is skipped, the significant coefficients are clustered in the first few rows, but they are uniformly distributed along the rows. Similarly, when vertical transform is skipped, the significant coefficients are clustered in the first few columns, but they are uniformly distributed along the columns. To take advantage of the new characteristics, the contexts used for significance coding are changed as follows.

· Block sizes 16×16 and 32×32:  These block sizes share the neighborhood-based contexts for all transform modes (2-D, horizontal skip, vertical skip, and no transform).

· Block sizes 8×8 and 4×4: For no-transform mode, all the pixels within the block share a single context. When a horizontal transform is skipped, coefficients in each row use a single context. When a vertical transform is skipped, coefficients in each column use a single context. Contexts are shared between horizontal-skip and vertical-skip modes.

Thus a total of 1+1+4+8=14 additional luma contexts and the same number of additional chroma contexts are used.   
3 Results
The proposed method is implemented in HM 4.0. Simulation results are presented for the common test conditions [2] for HE configurations except AI-HE. Since the transform skip mode is applied only to non-intra slices, the intra results are identical to HM. The encoding as well as the decoding was done on a 64-bit LINUX cluster. Table 2 shows the BD-rate results for the proposed method when compared with HM 4.0. A BD-rate of -0.6% is observed averaged over RA-HE, LB-HE, and LP-HE configurations. With class F included, the average BD-rate is -1.4%. Table 3 shows the gain of the proposed method over using BBC’s transform skip method with no changes in transform coefficient coding. Average BD-rates are -0.1% without class F and -0.2% with class F. 

	
	Random Access HE
	Low delay B HE
	Low delay P HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	0.05%
	-0.34%
	-0.26%
	 
	 
	 
	 
	 
	 

	Class B
	-0.33%
	-0.05%
	0.27%
	-0.34%
	1.10%
	1.34%
	-0.51%
	0.65%
	1.34%

	Class C
	-0.50%
	-0.33%
	0.05%
	-0.81%
	0.11%
	0.63%
	-1.00%
	0.13%
	0.63%

	Class D
	-0.81%
	-0.25%
	-0.21%
	-1.21%
	1.22%
	0.87%
	-1.51%
	0.71%
	0.50%

	Class E
	 
	
	 
	-0.34%
	2.63%
	1.74%
	-0.39%
	2.99%
	1.57%

	Class F
	-2.21%
	-1.36%
	-1.38%
	-5.09%
	-3.72%
	-3.49%
	-5.49%
	-3.83%
	-3.74%

	Overall
	-0.74%
	-0.45%
	-0.28%
	-1.56%
	0.19%
	0.20%
	-1.79%
	0.01%
	0.05%

	 
	-0.74%
	-0.47%
	-0.30%
	-1.56%
	0.06%
	0.10%
	-1.79%
	-0.05%
	-0.05%

	Enc Time[%]
	138%
	131%
	144%

	Dec Time[%]
	103%
	104%
	101%

	
	
	
	
	
	
	
	
	
	

	Overall No F
	-0.39%
	-0.23%
	-0.02%
	-0.68%
	1.17%
	1.12%
	-0.86%
	0.98%
	1.00%


Table 2: BD-rate results for transform skip mode with modifications to HE transform coefficient coding
	
	Random Access HE
	Low delay B HE
	Low delay P HE

	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	Class A
	-0.03%
	-0.11%
	0.02%
	 
	 
	 
	 
	 
	 

	Class B
	-0.08%
	-0.12%
	0.00%
	-0.06%
	0.23%
	0.08%
	-0.12%
	-0.03%
	0.23%

	Class C
	-0.13%
	-0.16%
	-0.12%
	-0.19%
	-0.12%
	-0.03%
	-0.21%
	-0.03%
	0.11%

	Class D
	-0.11%
	-0.15%
	-0.19%
	-0.07%
	0.23%
	-0.08%
	-0.11%
	0.16%
	0.19%

	Class E
	 
	
	 
	-0.14%
	1.01%
	-0.65%
	-0.06%
	0.60%
	-0.40%

	Class F
	-0.31%
	-0.32%
	-0.28%
	-0.47%
	-0.69%
	-0.65%
	-0.55%
	-0.59%
	-0.35%

	Overall
	-0.13%
	-0.17%
	-0.11%
	-0.18%
	0.09%
	-0.23%
	-0.21%
	-0.01%
	-0.01%

	 
	-0.13%
	-0.17%
	-0.11%
	-0.18%
	0.03%
	-0.31%
	-0.21%
	-0.03%
	-0.03%

	Enc Time[%]
	100%
	100%
	100%

	Dec Time[%]
	100%
	100%
	98%

	
	
	
	
	
	
	
	
	
	

	Overall No F
	-0.09%
	-0.14%
	-0.07%
	-0.11%
	0.29%
	-0.13%
	-0.13%
	0.13%
	0.07%


Table 3: BD-rate results quantifying the effect of modifications to HE transform coefficient coding 
4 Conclusions
In this contribution, we propose changes to the coding of the last non-zero transform coefficient and coding of significance flags for blocks in which the transform is skipped at least in one direction. Compared to HM 4.0, BD-rates of -0.6% (without class F) and -1.4% (with class F) are observed. The proposed modifications to HE transform coefficient coding for transform skip modes contribute -0.1% (without class F) and -0.2% (with class F). BD-rate gains for class F are especially noteworthy. 
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