	ITU - Telecommunications Standardization Sector

STUDY GROUP 16 Question 6

Video  Coding Experts Group (VCEG)

Hong Kong, 16-18 January, 2005
	Document  VCEG-Z18
Filename: VCEG-Z18.doc

Generated: 12 April, 05


	Question:
	Q.6/SG16 (VCEG)

	Source:
	Hongbo Zhu,
Song Zhang,
Institute Of Computing Technology,
Chinese Academy of Science,
Beijing, China
	Tel:
Fax:
Email:
	+86 010 62120683

zhuhb@ict.ac.cn
zhangs@ict.ac.cn

	Title:
	Adaptive Scanning for the Quantized DCT Coefficients of 4x4 Luminance Blocks

	Purpose:
	Proposal.


_____________________________
1 Background

In the current H.264 design, blocks down to 4x4 are motion-compensated firstly, and then are transformed using an integer approximation of the DCT. The transform coefficients are scanned into the an one-dimensional array according to the standard scanning method zig-zag as shown in fig. 1, and the one dimension array is entropy coded using the CABAC or the CAVLC. In this proposal, an adaptive scan of the 4x4 DCT coefficient block is described that can arrive at the last non-zero coefficient faster than the zig-zag statistically.
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Fig. 1 4x4 zig-zag scan

2 Adaptive Scanning of the 4x4 Luma DCT Coefficients

The new scanning method is based on the following observation: There is a non-zero coefficient more probably in the position that has non-zero neighbors than that without a non-zero neighbor in a 4x4 DCT coefficient block. The adaptive scanning for a 4x4 block is listed as follows:
· Initialize a variable drct=0.5 for every block type when the slice is initialized.

· Split the zig-zag position set {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15} into three sets, set1={0}, set2={1, 2, 3, 4, 5} and set3={6, 7, 8, 9, 10, 11, 12, 13, 14, 15}. The three sets will be scanned orderly.
· Scan the set1.

· If drct>0.5, set drct1=0, else set drct1=1. If drct1=0, split the set2 into two fixed order sets, set4={1, 5}, set5={2, 4, 3}, else split the set2 into two sets, set4={2, 3}, set5={1, 4, 5}. The fixed order means that, for example, the zig-zag position 2 will be scanned firstly in set5={2, 4, 3}, then 4 subsequently, and 3 lastly. 
· Repeat the following procedure until all elements in both set4 and set5 are scanned completely.

· If there are some elements in set4 not to be scanned, scan the set4 until the next zero coefficient or no element not to be scanned in the set4.

· If there are some elements in set5 not to be scanned, scan the set5 until the next zero coefficient or no element not to be scanned in the set5.

· Let coef[i] denote the coefficient in the zig-zag position i. Reset drct1 according to the following procedure:
· If coef[1]!=0 and coef[2]==0, set drct1=1.
· If coef[1]==0 and coef[2]!=0, set drct1=0.

· If coef[5]!=0 and coef[3]==0, set drct1=1.

· If coef[5]==0 and coef[3]!=0, set drct1=0.

· Let cfnum denote the number of non-zero coefficients in zig-zag position set3.
· If cfnum==1 and drct1==0, scan the set3 according to the following order: 9, 8, 7, 6, 10, 11, 12, 14, 13, 15.
· Else if cfnum==1 and drct1==1, scan the set3 according to the following order: 6, 7, 8, 9, 12, 11, 10, 13, 14, 15.
· Else If cfnum==2 and drct1==0 and coef[3]!=0, scan the set3 according to the following order: 9, 8, 10, 7, 11, 6, 12, 14, 13, 15.
· Else If cfnum==2 and drct1==1 and coef[5]!=0, scan the set3 according to the following order: 6, 7, 12, 8, 11, 9, 10, 13, 14, 15.
· Else if drct1==1, split the set3 into two fixed order sets, set6={6, 7, 12, 13}, set7={9, 8, 10, 14}. If drct1==0, split the set3 into two fixed order sets, set7={6, 7, 12, 13}, set6={9, 8, 10, 14}. Repeat the following procedure until all elements in both set6 and set7 are scanned completely.

· If there are some elements in set6 not to be scanned, scan the set6 until the next zero coefficient or no element not to be scanned in the set6.

· If there are some elements in set7 not to be scanned, scan the set7 until the next zero coefficient or no element not to be scanned in the set7.
· Let coef1[16] denotes the obtained array. Set val=coef1[6], coef1[6]=coef1[5], coef1[5]=coef1[4], coef1[4]=val.
· If coef[1]!=0, set drct=0.9375
[image: image2.wmf]´

drct+0.0625.

· If coef[2]!=0, set drct=0.9375
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drct.

Experimental Results

The adaptive scanning is integrated into the H.264 test software version jm8.5 but not involved into the encoder loop. The accumulative total of the zero coefficient number in every 4x4 luma block before the last non-zero coefficient is gotten to demonstrate the performance of the adaptive scanning. Test conditions similar to that described in VCEG-N81 are used.  Some configurations is set as follows:
NumberReferenceFrames =  1
UseFME                =  0

IntraPeriod           =  0

SymbolMode             =  0

The experimental results are listed in table 1. From the table 1, we can find that the proposed adaptive scan of DCT coefficient block can decrease the scanned zero coefficient by 2.5% on average.  It is regretted the scan is not superior to the zig-zag consistently.

	Sequence
	QP
	adptScan
	prevScan
	Reduction

	Container Qcif

IPPPP

Skip=2

codedFrame=100
	16
	458470
	491111
	0.0665

	
	20
	231752
	251663
	0.0791

	
	24
	109112
	116883
	0.0665

	
	28
	49456
	52076
	0.0503

	Foreman_Qcif

IPPPP

Skip=2

codedFrame=100
	16
	515338
	514276
	-0.0021

	
	20
	327428
	326932
	-0.0015

	
	24
	169690
	168564
	-0.0067

	
	28
	80667
	79912
	-0.0094

	News Qcif

IPPPP

Skip=2

codedFrame=100
	16
	211973
	220451
	0.0385

	
	20
	148012
	154674
	0.0431

	
	24
	94177
	97730
	0.0364

	
	28
	55507
	56954
	0.0254

	Silent Qcif

IPPPP

Skip=1

codedFrame=150
	16
	309644
	307866
	-0.0058

	
	20
	195159
	191230
	-0.0205

	
	24
	114273
	110416
	-0.0349

	
	28
	61329
	58467
	-0.049

	Paris Cif

IPPPP

Skip=1

codedFrame=150
	16
	2003049
	2054047
	0.0248

	
	20
	1095619
	1145221
	0.0433

	
	24
	770464
	813369
	0.0527

	
	28
	538177
	569264
	0.0546

	Mobile Cif

IPPPP

Skip=0

codedFrame=300
	16
	8459943
	8674409
	0.0247

	
	20
	7849072
	8096429
	0.0306

	
	24
	6411581
	6618309
	0.0312

	
	28
	4223582
	4340300
	0.0269

	Tempete Cif

IPPPP

Skip=0

codedFrame=260
	16
	6407307
	6560540
	0.0234

	
	20
	5572995
	5797497
	0.0387

	
	24
	4176342
	4365171
	0.0433

	
	28
	2495631
	2593715
	0.0378

	Avg.
	
	
	
	0.025282


Table 1: Comparison of the accumulative total of the zero coefficient number before the last non-zero coefficient in every 4x4 luma block
adapScan: the accumulative total of the zero coefficient number before the last non-zero coefficient when the adaptive scan is used.
prevScan: the accumulative total of the zero coefficient number before the last non-zero coefficient when the adaptive scan is disabled.
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