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Abstract

A reference pictures memory compression from N-bit to 8-bit on high efficiency anchor and a definition for standardization are proposed.  Two methods are merged, one is adaptive scaling proposed by JCTVC-E133 (Toshiba) and the other is adaptive offset proposed by JCTVC-E432 (Zenverge) and its definition by compression distortion control is shown.  As experimental results, the loss bitrate of adaptive scaling with offset is average of 0.49% while the loss bitrate of fixed rounding is average of 2.24% and the loss bitrate of internal 8-bit is average of 2.47%.
1 Introduction

Considering several discussions in reference pictures memory compression Adhoc group at several past meetings, we propose an adaptive scaling with offset method for reference pictures memory compression from N-bit to 8-bit on high efficiency anchor and its definition of compression distortion control for standardization.
2 Adaptive scaling with offset for reference pictures memory compression
By increasing internal bit depth, the accuracy of all internal processes is increased.  This intends to reduce the rounding error of intra-fame prediction, spatial transform, in-loop filtering in order to improve coding efficiency.  For example, by increasing from 8-bit to 10-bit, DPB (Decode Picture Buffer) will be required 1.25 times of memory capacity and 1.25 times of memory bandwidth compared to storing the 8-bit depth.  This is one of the most important problems about complexity.  Therefore, JCTVC-A117 [2], JCTVC-B044 [3], JCTVC-C075r1 [4], JCTVC-D152 [5] and JCTVC-E133 [6] introduced an adaptive scaling for bit depth compression.  
Reference pictures memory compression is a closed process into coding loop.  Therefore, if the part of loss less coding or bit stream format on frame memory is not specified by the standardization, any mismatch is not caused on both encoder and decoder.  The technical essential point is the distortion of reference pictures memory compression.  
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Figure 2  Definition of compression distortion control

In this contribution, a definition of adaptive scaling with offset by controlling bit depth is shown.  Lower bits of each pixel are padded zero by following algorithm.  If the reference pictures memory compression is not needed on encoder side or decoder side, the following method is more effective and the same results as the adaptive scaling with offset can be obtained.  The example of 10-bit to 8-bit is as follows.
(1) Find min and max in 4x4 block

(2) Decide the scaling value S from difference between max and min. 


for (S=0,R=max –min; R>=(128<<S) && S<2; R=max-(min&(~0<<S)),S++);

(3) Control bit depth of pixels according to S.


if (S==2) {



pixel[0] = (pixel [0]<2)? 4: (pixel [0]+2) & ~0x3;



for (i=1;i<16;i++) 



pixel[i] = (pixel [i]+2>1023)? 1023 : (pixel [i]+2) & ~0x3;


} else if (S==1) {





for (i=0,sum=0;i<16;i++) sum += (pixel[i] & 1);



for (i=0,offset=(sum+8)>>4;i<16;i++) 




pixel[i] = Clip3(0,1023,(pixel [i] & ~0x1) + offset);


} 

More general descriptions are noted in Annex.

3 Experimental results

The simulation was conducted for all sequences of WQVGA, WVGA, 720p, 1080p and cropped 4kx2k based on the recommended simulation common conditions, JCTVC-E700 [8].  The version of HM software is 2.0 plus to memory Adhoc group modification.  The OS is Windows 7 64-bit; the CPU is Xeon® W3565, 3.2GHz and the compiler is Visual C++ 2008.  Table 2 indicates the results of loss coding efficiency of adaptive scaling and fixed scaling compared to high efficiency anchors.  Since those values show loss results from anchor condition, the smaller values mean better results.  While fixed scaling losses 2.24% on average, adaptive scaling only losses 0.49% on average.
Table 1  Loss BD-rate (%) on high efficiency anchor 
	
	
	Adaptive Scaling with Offset
	Fixed rounding
	IBDI off

	Random access
	
	Y
	U
	V
	Y
	U
	V
	Y
	U
	V

	
	Class A
	0.07 
	-0.07 
	0.20 
	1.04 
	6.31 
	8.54 
	3.52 
	19.76 
	21.80 

	
	Class B
	0.11 
	-0.03 
	0.01 
	1.31 
	3.78 
	4.57 
	2.63 
	8.18 
	7.47 

	
	Class C
	0.10 
	0.15 
	0.11 
	0.75 
	2.36 
	2.27 
	1.36 
	3.95 
	4.05 

	
	Class D
	0.08 
	-0.02 
	0.03 
	0.59 
	1.90 
	2.01 
	0.92 
	3.14 
	2.98 

	
	All
	0.09 
	0.01 
	0.09 
	0.94 
	3.60 
	4.36 
	2.14 
	8.72 
	8.98 

	
	Enc Time[%]
	100%
	100%
	99%

	
	Dec Time[%]
	104%
	106%
	94%

	Low delay
	
	
	
	
	Y
	U
	V
	Y
	U
	V

	
	Class B
	0.38 
	0.11 
	0.23 
	2.35 
	7.48 
	9.18 
	2.95 
	11.45 
	12.63 

	
	Class C
	0.22 
	0.21 
	0.14 
	1.16 
	4.13 
	4.07 
	1.52 
	5.25 
	6.12 

	
	Class D
	0.09 
	0.19 
	0.52 
	0.88 
	6.96 
	7.52 
	0.87 
	8.56 
	9.42 

	
	Class E
	3.00 
	0.58 
	0.76 
	9.62 
	20.57 
	18.77 
	6.90 
	17.45 
	13.21 

	
	All
	0.76 
	0.24 
	0.38 
	3.05 
	8.97 
	9.28 
	2.81 
	10.30 
	10.31 

	
	Enc Time[%]
	100%
	101%
	100%

	
	Dec Time[%]
	104%
	109%
	95%

	Low delay P
	
	
	
	
	Y
	U
	V
	Y
	U
	V

	
	Class B
	0.32 
	0.18 
	-0.28 
	2.14 
	7.41 
	9.30 
	2.69 
	11.42 
	12.34 

	
	Class C
	0.24 
	0.31 
	0.06 
	1.19 
	4.03 
	4.21 
	1.37 
	5.38 
	6.06 

	
	Class D
	0.19 
	-0.18 
	0.61 
	0.85 
	7.13 
	7.89 
	0.79 
	7.32 
	8.17 

	
	Class E
	2.24 
	1.10 
	0.58 
	8.29 
	20.71 
	21.99 
	5.79 
	18.60 
	15.71 

	
	All
	0.62 
	0.30 
	0.19 
	2.73 
	8.99 
	10.05 
	2.47 
	10.23 
	10.36 

	
	Enc Time[%]
	101%
	101%
	99%

	
	Dec Time[%]
	106%
	109%
	94%


The complexity is measured by the encoding and decoding time.  The measurement values are output of encoder and decoder and the decoder does not output decoded image.  Table 1 indicates the results of increase rate of average encoding and decoding times.  The results of adaptive scaling and fixed scaling are not significantly different.  As a result of distortion definition, both encoding and decoding time is a little reduced.
Table 2 indicates average compression rate of MC read memory bandwidth on decoder side.  The module of measurement that is provided by Adhoc group of memory compression is used.  In this method, both luma and chroma block size is 4x4 and the compression ratio is defined 0.800.

Table 2  Compression rate (%) of MC read memory bandwidth on high efficiency anchor
	
	
	8bit/
8bit
	32bit/
64bit
	32bit/
128bit
	64bit/
128bit
	64bit/
256bit
	64bit/
512bit
	64bit/
256bit
FIFO
	64bit/
512bit
FIFO

	Random access
	Class A
	-2.57 
	-13.05 
	-20.14 
	-22.71 
	-26.81 
	-39.48 
	-28.32 
	-30.67 

	
	Class B
	-2.67 
	-12.63 
	-19.15 
	-21.63 
	-25.37 
	-40.16 
	-26.73 
	-30.20 

	
	Class C
	1.81 
	-10.72 
	-19.83 
	-23.59 
	-29.05 
	-44.83 
	-34.41 
	-38.46 

	
	Class D
	7.99 
	-7.24 
	-18.49 
	-23.26 
	-29.70 
	-46.95 
	-35.75 
	-40.02 

	
	All
	0.86 
	-11.06 
	-19.47 
	-22.79 
	-27.73 
	-42.84 
	-31.11 
	-34.65 

	Low delay
	Class B
	0.48 
	-10.97 
	-18.88 
	-22.01 
	-26.46 
	-41.48 
	-29.63 
	-33.05 

	
	Class C
	4.61 
	-9.74 
	-20.43 
	-24.67 
	-31.09 
	-48.07 
	-38.33 
	-42.81 

	
	Class D
	12.66 
	-5.78 
	-18.82 
	-23.99 
	-31.61 
	-50.25 
	-39.36 
	-44.58 

	
	Class E
	-11.99 
	-16.80 
	-21.68 
	-23.22 
	-33.20 
	-48.50 
	-30.29 
	-32.91 

	
	All
	2.22 
	-10.46 
	-19.78 
	-23.40 
	-30.17 
	-46.64 
	-34.36 
	-38.34 

	Low delay P
	Class B
	2.21 
	-10.31 
	-18.94 
	-22.29 
	-26.98 
	-42.49 
	-30.91 
	-34.19 

	
	Class C
	7.09 
	-8.73 
	-20.31 
	-24.86 
	-31.42 
	-49.23 
	-39.00 
	-43.41 

	
	Class D
	15.41 
	-4.62 
	-18.41 
	-23.89 
	-31.69 
	-51.27 
	-39.28 
	-44.44 

	
	Class E
	-10.66 
	-16.41 
	-22.03 
	-23.77 
	-33.61 
	-49.01 
	-32.64 
	-35.29 

	
	All
	4.32 
	-9.64 
	-19.73 
	-23.61 
	-30.51 
	-47.59 
	-35.35 
	-39.26 


In addition, as subjective quality checking of decoded sequences, the subjective quality difference caused by adaptive scaling is visually negligible.

4 Conclusion
In this contribution, the experimental results of adaptive scaling for reference pictures memory compression were shown.  As experimental results, the bitrate loss by adaptive scaling was average of 0.49% and that value is definitely smaller than the value of fixed rounding.  Since additional complexity is negligible, it is suggested that the adaptive scaling with offset should be introduced into HM and WD.
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7 Annex

Addition after section 8.6.3.4.

Reference picture memory decompression process
Inputs of this process are:

–
a luma or chroma location ( xC, yC ) specifying the top-left sample of the current coding unit relative to the top left sample of the current picture,

–
a variable BitDepth specifying input sample bit-depth,

Output of this process is the decompressed of luma and chroma picture.
Let s’ be a variable specifying luma and chroma sample array recPictureL.
Sample array recPictureL is divided 4x4 sub-blocks and a luma or chroma location ( x, y ) specifying the top-left sample of 4x4 sub-block of the current coding unit.
Each 4x4 sub-block of luma and chroma picture recPictureL[ x + i ][ y + j ] with i, j = 0..3, is processed.

The variable min4x4 is minimum and the variable max4x4 is maximum of recPictureL[ x + i ][ y + j ] with i, j = 0..3.
If BitDepth is less than 11, the variable MaxRange is set to 128,

Otherwise the variable MaxRange is set to 64.

The variable S is derived by


for (S=0, Range=max4x4-min4x4; 


Range>(MaxRange<<S)-1 && S<BitDepth-8; Range=max4x4-(min4x4 & (~0<<S)), S++)
If S is equal to BitDepth-8, the decompressed values are derived as follows:
· The variable Offset is set to 1<<(S-1) and the variable Mask is set to (~0<<S).



If the first sample recPictureL[ x ][ y ] is less than Offset,




recPictureL[ x ][ y ] = 1<<S


Otherwise, the decompressed values recPictureL with i, j = 0..3 are derived as follows:



recPictureL[ x + i ][ y + j ] = (recPictureL[ x + i ][ y + j ] +Offset>(1<<BitDepth)-1)?






(1<<BitDepth)-1 : (recPictureL[ x + i ][ y + j ] +Offset) & Mask
Otherwise if S is not equal to 0, 
· The variable Sum4x4 is sum of (recPictureL[ x + i ][ y + j ] & ((1<<S)-1)) with i, j = 0..3.
· The variable Offset is set to (Sum4x4+8)>>4 and the variable Mask is set to (~0<<S).

· The decompressed values recPictureL with i, j = 0..3 are derived as follows:


recPictureL[ x + i ][ y + j ] = 



Clip3(0, (1<<BitDepth)-1, (recPictureL[ x + i ][ y + j ] & Mask) +Offset)
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