	Joint Video Team (JVT) of ISO/IEC MPEG & ITU-T VCEG

(ISO/IEC JTC1/SC29/WG11 and ITU-T SG16 Q.6)

15th Meeting: Busan, KR, 16-22 April, 2005
	Document: JVT-O021
Filename: JVT-O021.doc




	Title:
	The report of CE 3 Improve coding efficiency of entropy coding

	Status:
	Input

	Purpose:
	Proposal

	Author(s) or
Contact(s):
	Woong Il Choi

School of ICE, Sungkyunkwan Univ.

300 Chunchun-dong, Suwon, Korea
Byeungwoo Jeon

School of ICE, Sungkyunkwan Univ.

300 Chunchun-dong, Suwon, Korea
	
Tel:
Email:
	+82-31-290-7186
creata@ece.skku.ac.kr

+82-31-290-7144
bjeon@yurim.skku.ac.kr

	Source:
	Sungkyunkwan Univ.


_____________________________
1. Introduction

The current JSVM uses the Context Adaptive Binary Arithmetic Coding (CABAC) scheme that is already adopted in MPEG-4 AVC/H.264 standard for entropy coding of each syntax element. Although many coding parts of the current JSVM adopted the same schemes in MPEG-4 AVC/H.264, the statistical characteristics of JSVM syntax elements could be different from H.264 due to newly adopted coding features for scalability such as MCTF and layered structure. Since the entropy coding scheme for JSVM has not been sufficiently studied in terms of coding efficiency, we believe there is some room to further improvement over the conventional entropy coding scheme. To improve the coding efficiency of CABAC in JSVM, we propose a new context modeling based on inter-layer relationship.

2. Context modeling for enhancement layer syntax

To improve coding efficiency of the context adaptive arithmetic coding scheme, it is important to design an adequate model that exploits the statistical dependency between current symbol and pre-coded symbol set. When adaptively estimated conditional probability based on context model provides larger probability of MPS (Most Probable Symbol), the coding efficiency can be significantly increased as long as the estimation of conditional probability is valid.

In scalable video coding, each layer contains information of coding element in base layer and the syntax element is predicted from data of base layer macroblock as long as base layer exists. Therefore, we can improve the context modeling of CABAC by exploiting the statistical dependency among layers. The proposed context modeling scheme of CABAC is depicted in Fig. 1. In conventional context modeling scheme, the context template consists of two neighboring syntax elements, A and B, while the context template of the proposed scheme has the additional syntax element C that is located in the corresponding base layer macroblock as shown in Fig. 1.
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Fig. 1. The proposed context modeling scheme by using base layer syntax

3. Context modeling and binarization for mb_type

In this contribution, we applied the new context modeling only to the syntax element ‘mb_type’. The assignment of context index of each bin of mb_type for each slice type is illustrated in Table 1. The values of variable m and n for additional context are shown in Table 2.

Table 1. Assignment of context index to bin index of mb_type in each slice type

	Syntax element
	Bin index

	
	0
	1
	>=2

	mb_type (I)
	0
	Same with AVC
	Same with AVC

	mb_type (P)
	1,2,3

(model #P0)
	Same with AVC
	Same with AVC

	mb_type (B)
	4,5,6,7,8,9
(model #B0)
	10, 11
(model #B1)
	12


(Model #P0) mb_type = Intra

	Context
	MB(A) is intra
	MB(B) is intra

	1
	Y
	Y

	2
	Y

N
	N

Y

	3
	N
	N


(Model #B0) mb_type = B_Direct_16x16

	Context
	MB(A) is skipped*
	MB(B) is skipped*
	mb_type(C) = 16x16 or 8x8 or MB(C) is skipped*

	4
	Y
	Y
	Y

	5
	Y
	Y
	N

	6
	Y

N
	N

Y
	Y

	7
	Y

N
	N

Y
	N

	8
	N
	N
	Y

	9
	N
	N
	N


* If (base_mode_flag = 1 in MB (N) or mb_type (N) = B_Direct_16x16 or MB (N) is not available)

  Then MB (N) is skipped
(Model #B1) mb_type = B_8x8

	Context
	mb_type(C) = 8x8

	10
	Y

	11
	N


Table 2. Values of variables m and n for additional context index for mb_type in enhancement layer

	Initialisation variables
	ctxIdx

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	m
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	n
	3
	76
	47
	9
	22
	47
	54
	73
	80
	88
	76
	90
	63


We propose additional binarization process for the syntax element, mb_type of enhancement layer macroblock in B slice as shown in Table 3.

Table 3. Binarization for mb_type of B slice in enhancement layer

	Slice type
	Value (name) of mb_type
	Bin string

	B slice
	0 (B_Direct_16x16)
	0
	
	
	
	
	
	
	

	
	1 (B_L0_16x16)
	1
	1
	0
	0
	0
	
	
	

	
	2 (B_L1_16x16)
	1
	1
	0
	0
	1
	
	
	

	
	3 (B_Bi_16x16)
	1
	1
	0
	1
	
	
	
	

	
	4 (B_L0_L0_16x8)
	1
	1
	1
	0
	0
	0
	0
	

	
	5 (B_L0_L0_8x16)
	1
	1
	1
	0
	0
	0
	1
	

	
	6 (B_L1_L1_16x8)
	1
	1
	1
	0
	0
	1
	0
	

	
	7 (B_L1_L1_8x16)
	1
	1
	1
	0
	0
	1
	1
	

	
	8 (B_L0_L1_16x8)
	1
	1
	1
	0
	1
	0
	0
	

	
	9 (B_L0_L1_8x16)
	1
	1
	1
	0
	1
	0
	1
	

	
	10 (B_L1_L0_16x8)
	1
	1
	1
	0
	1
	1
	0
	

	
	11 (B_L1_L0_8x16)
	1
	1
	1
	0
	1
	1
	1
	

	
	12 (B_L0_Bi_16x8)
	1
	1
	1
	1
	0
	0
	0
	0

	
	13 (B_L0_Bi_8x16)
	1
	1
	1
	1
	0
	0
	0
	1

	
	14 (B_L1_Bi_16x8)
	1
	1
	1
	1
	0
	0
	1
	0

	
	15 (B_L1_Bi_8x16)
	1
	1
	1
	1
	0
	0
	1
	1

	
	16 (B_Bi_L0_16x8)
	1
	1
	1
	1
	0
	1
	0
	0

	
	17 (B_Bi_L0_8x16)
	1
	1
	1
	1
	0
	1
	0
	1

	
	18 (B_Bi_L1_16x8)
	1
	1
	1
	1
	0
	1
	1
	0

	
	19 (B_Bi_L1_8x16)
	1
	1
	1
	1
	0
	1
	1
	1

	
	20 (B_Bi_Bi_16x8)
	1
	1
	1
	1
	1
	0
	0
	0

	
	21 (B_Bi_Bi_8x16)
	1
	1
	1
	1
	1
	0
	0
	1

	
	22 (B_8x8)
	1
	0
	
	
	
	
	
	

	
	23 to 48 (Intra, prefix only)
	1
	1
	1
	1
	1
	0
	1
	1

	binIdx
	0
	1
	2
	3
	4
	5
	6
	7


4. Simulation Result

We implemented the proposed scheme (SKKU) on JSVM 1.0 software and tested it under the Munich test condition. The simulation result is shown in Fig. 2.
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Figure 2. R-D performance of the proposed scheme

Although the initial probability of context does not well match to actual statistics of symbol, the inaccurate probability models can gradually approach to actual probability of the symbol due to probability update of arithmetic coding engine. To evaluate the coding gain of the context modeling without other effect, we tested the proposed context modeling with no probability update. Fig 3 shows the R-D performance of the proposed scheme without probability update of arithmetic coding.
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Figure 3. R-D performance of the proposed context modeling scheme when probabilities of context does not updated in arithmetic coding engine

5. Conclusion

In this document, we proposed a new context modeling using inter-layer relationship and binarization process for the syntax element mb_type of enhancement layer. In the test result, the overall coding gain of the proposed scheme is less than 0.2 dB. Because the bit portion of the syntax element mb_type is less than 10~15% and the initial probability of context can be updated during symbol coding. If there is no update of initial probability for each context, coding gain of the proposed scheme is up to 0.7dB. The proposed scheme requires additional 13 contexts and one table for binarization.
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		QCIF7.5		127.25		32.265		36.916		39.077				1,272,517		322,648		369,158		390,769
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Foreman

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		258.33		34.830		40.712		42.278				2,583,328		348,302		407,123		422,779

		CIF15		193.45		34.604		40.450		41.940				1,934,512		346,037		404,495		419,402

		CIF7.5		96.37		31.921		38.903		40.014				963,712		319,207		389,027		400,138

		QCIF15		48.13		33.362		39.593		40.300				481,328		333,622		395,930		403,001

		QCIF7.5		32.28		33.208		39.492		40.176				322,816		332,081		394,921		401,760

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		257.87		34.846		40.764		42.291				2,578,736		348,463		407,636		422,906

		CIF15		193.79		34.657		40.487		41.955				1,937,904		346,565		404,874		419,553

		CIF7.5		96.57		31.964		38.917		40.026				965,704		319,644		389,173		400,261

		QCIF15		48.14		33.363		39.592		40.300				481,432		333,631		395,924		402,999

		QCIF7.5		32.28		33.208		39.492		40.176				322,808		332,078		394,920		401,756
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Foreman_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		255.99		33.192		39.718		40.953				2,559,928		331,919		397,184		409,527

		CIF15		190.95		33.310		39.710		40.967				1,909,504		333,095		397,102		409,666

		CIF7.5		95.46		30.670		38.424		39.422				954,568		306,695		384,241		394,223

		QCIF15		47.73		32.629		39.441		39.951				477,312		326,285		394,410		399,508

		QCIF7.5		32.13		32.662		39.179		39.658				321,256		326,624		391,786		396,576

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		257.01		33.556		40.040		41.359				2,570,056		335,559		400,401		413,585

		CIF15		190.36		33.652		40.059		41.377				1,903,640		336,519		400,591		413,771

		CIF7.5		96.31		31.009		38.660		39.735				963,056		310,090		386,596		397,352

		QCIF15		47.74		32.630		39.439		39.955				477,376		326,296		394,394		399,550

		QCIF7.5		32.13		32.662		39.177		39.661				321,336		326,617		391,766		396,605
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Mobile

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		385.71		29.910		35.353		34.705				3,857,067		299,100		353,535		347,046

		CIF15		254.82		28.869		34.094		33.500				2,548,236		288,688		340,943		335,003

		CIF7.5		129.47		25.533		32.302		31.642				1,294,725		255,329		323,022		316,417

		QCIF15		63.94		29.321		33.136		32.211				639,440		293,206		331,363		322,107

		QCIF7.5		50.27		29.543		33.236		32.409				502,680		295,430		332,361		324,093

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		381.13		29.911		35.317		34.672				3,811,304		299,106		353,170		346,723

		CIF15		256.57		28.998		34.356		33.743				2,565,680		289,978		343,561		337,426

		CIF7.5		128.97		25.571		32.296		31.646				1,289,656		255,706		322,961		316,460

		QCIF15		64.02		29.335		33.132		32.178				640,208		293,353		331,323		321,784

		QCIF7.5		50.17		29.533		33.221		32.392				501,688		295,326		332,206		323,918
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Mobile_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		380.47		28.546		33.860		33.295				3,804,736		285,463		338,595		332,951

		CIF15		255.78		27.708		33.622		33.023				2,557,808		277,077		336,218		330,230

		CIF7.5		127.47		23.979		31.741		31.123				1,274,736		239,790		317,414		311,229

		QCIF15		64.31		28.658		32.754		31.787				643,144		286,580		327,537		317,874

		QCIF7.5		49.28		28.843		32.917		32.031				492,832		288,431		329,169		320,314

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		386.03		28.843		34.372		33.773				3,860,264		288,427		343,720		337,730

		CIF15		258.09		28.201		34.074		33.478				2,580,944		282,005		340,741		334,775

		CIF7.5		128.81		24.575		31.794		31.203				1,288,144		245,748		317,941		312,034

		QCIF15		64.26		28.660		32.735		31.786				642,592		286,604		327,352		317,861

		QCIF7.5		49.23		28.848		32.872		32.049				492,320		288,479		328,722		320,485
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City

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		2040.61		36.107		44.161		46.158				20,406,096		361,066		441,607		461,578

		4CIF30		1020.90		33.998		42.718		44.828				10,209,048		339,979		427,175		448,284

		CIF30		511.69		37.301		44.458		45.894				5,116,920		373,007		444,579		458,943

		CIF15		256.34		33.055		42.740		44.337				2,563,352		330,553		427,397		443,370

		QCIF15		126.93		38.553		44.791		45.784				1,269,328		385,534		447,906		457,837

		QCIF7.5		64.60		35.281		42.367		43.552				646,040		352,812		423,670		435,523

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		2038.82		36.109		44.163		46.161				20,388,176		361,091		441,633		461,608

		4CIF30		1016.64		34.004		42.719		44.827				10,166,400		340,035		427,194		448,267

		CIF30		511.75		37.303		44.466		45.892				5,117,544		373,034		444,655		458,922

		CIF15		258.48		33.168		42.751		44.345				2,584,792		331,680		427,509		443,450

		QCIF15		127.06		38.551		44.800		45.780				1,270,600		385,514		447,998		457,797

		QCIF7.5		64.54		35.272		42.352		43.560				645,416		352,724		423,523		435,599
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Crew

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3063.48		36.631		41.184		41.966				30,634,816		366,305		411,840		419,658

		4CIF30		1530.25		35.513		40.496		40.695				15,302,456		355,125		404,963		406,951

		CIF30		766.34		36.314		40.863		39.891				7,663,408		363,138		408,626		398,905

		CIF15		387.60		33.508		39.026		37.587				3,876,024		335,076		390,258		375,867

		QCIF15		192.47		36.130		39.771		38.160				1,924,744		361,295		397,708		381,601

		QCIF7.5		96.81		33.011		37.195		35.517				968,144		330,113		371,947		355,174

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3059.23		36.632		41.181		41.951				30,592,264		366,317		411,814		419,511

		4CIF30		1524.30		35.509		40.482		40.677				15,243,008		355,087		404,822		406,772

		CIF30		766.01		36.312		40.865		39.883				7,660,144		363,124		408,646		398,828

		CIF15		387.03		33.508		39.020		37.605				3,870,312		335,075		390,200		376,054

		QCIF15		192.61		36.143		39.785		38.162				1,926,080		361,430		397,847		381,617

		QCIF7.5		96.96		33.029		37.199		35.524				969,560		330,293		371,986		355,240
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Harbour

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3057.16		33.788		42.821		44.856				30,571,560		337,884		428,213		448,564

		4CIF30		1542.48		31.576		41.491		43.515				15,424,808		315,759		414,913		435,149

		CIF30		762.08		32.433		41.853		43.504				7,620,840		324,329		418,531		435,036

		CIF15		382.30		29.143		40.489		42.308				3,823,008		291,426		404,892		423,081

		QCIF15		193.37		34.183		42.309		44.307				1,933,680		341,831		423,092		443,066

		QCIF7.5		95.11		31.317		40.080		42.424				951,080		313,172		400,802		424,241

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3055.47		33.792		42.820		44.857				30,554,656		337,922		428,201		448,568

		4CIF30		1541.49		31.591		41.493		43.513				15,414,896		315,911		414,931		435,126

		CIF30		762.26		32.438		41.848		43.513				7,622,632		324,382		418,484		435,125

		CIF15		385.77		29.230		40.489		42.307				3,857,696		292,299		404,892		423,073

		QCIF15		193.35		34.183		42.307		44.304				1,933,512		341,827		423,074		443,035

		QCIF7.5		95.17		31.319		40.079		42.425				951,744		313,186		400,786		424,253
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Soccer

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3071.09		36.910		43.955		45.892				30,710,888		369,104		439,552		458,924

		4CIF30		1543.85		35.181		42.732		44.713				15,438,544		351,811		427,323		447,133

		CIF30		765.56		36.613		43.102		44.893				7,655,600		366,128		431,018		448,931

		CIF15		385.29		33.255		41.304		43.198				3,852,872		332,553		413,036		431,979

		QCIF15		191.89		37.805		42.813		44.408				1,918,920		378,053		428,131		444,082

		QCIF7.5		96.65		34.056		40.218		41.825				966,488		340,556		402,179		418,249

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3088.03		37.028		44.031		45.955				30,880,336		370,276		440,307		459,552

		4CIF30		1528.76		35.249		42.767		44.743				15,287,576		352,492		427,668		447,434

		CIF30		767.42		36.726		43.196		44.991				7,674,224		367,257		431,964		449,914

		CIF15		380.20		33.272		41.418		43.318				3,801,960		332,718		414,184		433,179

		QCIF15		191.12		37.844		42.848		44.453				1,911,240		378,436		428,483		444,534

		QCIF7.5		96.46		34.038		40.231		41.812				964,600		340,382		402,312		418,115
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Bus

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		511.91		30.948		39.747		41.719				5,119,120		309,482		397,467		417,190

		CIF15		386.02		30.865		39.467		41.388				3,860,208		308,654		394,671		413,876

		CIF7.5		190.46		27.204		37.988		39.676				1,904,640		272,035		379,878		396,756

		QCIF15		96.87		29.847		39.390		40.580				968,720		298,466		393,901		405,795

		QCIF7.5		63.54		29.574		39.074		40.315				635,384		295,741		390,737		403,153

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		510.76		30.952		39.757		41.723				5,107,584		309,517		397,573		417,225

		CIF15		385.69		30.882		39.489		41.397				3,856,944		308,821		394,893		413,967

		CIF7.5		191.72		27.278		38.025		39.731				1,917,232		272,784		380,246		397,305

		QCIF15		96.88		29.845		39.389		40.579				968,832		298,453		393,890		405,790

		QCIF7.5		63.56		29.575		39.071		40.315				635,589		295,746		390,710		403,146
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Bus_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		507.97		29.801		39.258		41.158				5,079,728		298,007		392,580		411,576

		CIF15		386.21		29.864		39.109		41.036				3,862,112		298,636		391,092		410,356

		CIF7.5		191.62		26.408		37.692		39.377				1,916,208		264,083		376,923		393,772

		QCIF15		95.91		29.150		39.197		40.477				959,104		291,503		391,969		404,772

		QCIF7.5		62.96		28.988		38.792		39.953				629,574		289,882		387,922		399,533

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		516.09		29.991		39.431		41.331				5,160,864		299,905		394,309		413,311

		CIF15		381.81		30.010		39.130		41.025				3,818,064		300,095		391,297		410,245

		CIF7.5		193.53		26.688		37.878		39.581				1,935,344		266,883		378,784		395,812

		QCIF15		95.88		29.154		39.199		40.475				958,832		291,543		391,987		404,754

		QCIF7.5		62.96		28.991		38.794		39.952				629,589		289,908		387,940		399,520
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Football

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		1026.05		33.790		39.382		41.223				10,260,480		337,900		393,824		412,234

		CIF15		510.69		31.882		37.823		39.840				5,106,877		318,815		378,232		398,402

		CIF7.5		382.04		30.408		36.908		39.064				3,820,412		304,082		369,084		390,640

		QCIF15		191.85		31.762		36.747		39.157				1,918,523		317,620		367,470		391,573

		QCIF7.5		128.18		32.711		37.262		39.380				1,281,794		327,106		372,620		393,798

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		1025.44		33.788		39.382		41.216				10,254,351		337,880		393,817		412,158

		CIF15		510.74		31.895		37.817		39.843				5,107,403		318,950		378,167		398,434

		CIF7.5		381.51		30.416		36.903		39.071				3,815,086		304,155		369,030		390,709

		QCIF15		192.17		31.769		36.747		39.160				1,921,662		317,687		367,468		391,598

		QCIF7.5		128.22		32.713		37.261		39.380				1,282,172		327,132		372,609		393,802
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Football_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		1,022.94		33.042		38.851		40.739				10,229,418		330,423		388,512		407,387

		CIF15		512.56		31.249		37.420		39.517				5,125,615		312,488		374,196		395,173

		CIF7.5		382.05		29.845		36.565		38.864				3,820,514		298,450		365,654		388,640

		QCIF15		191.72		31.359		36.492		38.905				1,917,203		313,592		364,923		389,053

		QCIF7.5		127.41		32.277		36.961		39.076				1,274,077		322,773		369,610		390,758

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		1020.76		33.062		38.865		40.757				10,207,569		330,623		388,650		407,571

		CIF15		510.15		31.312		37.435		39.511				5,101,458		313,117		374,354		395,105

		CIF7.5		382.87		30.002		36.615		38.867				3,828,729		300,021		366,153		388,671

		QCIF15		191.69		31.355		36.457		38.907				1,916,871		313,546		364,574		389,070

		QCIF7.5		127.25		32.265		36.916		39.077				1,272,517		322,648		369,158		390,769
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Foreman

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		258.33		34.830		40.712		42.278				2,583,328		348,302		407,123		422,779

		CIF15		193.45		34.604		40.450		41.940				1,934,512		346,037		404,495		419,402

		CIF7.5		96.37		31.921		38.903		40.014				963,712		319,207		389,027		400,138

		QCIF15		48.13		33.362		39.593		40.300				481,328		333,622		395,930		403,001

		QCIF7.5		32.28		33.208		39.492		40.176				322,816		332,081		394,921		401,760

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		257.87		34.846		40.764		42.291				2,578,736		348,463		407,636		422,906

		CIF15		193.79		34.657		40.487		41.955				1,937,904		346,565		404,874		419,553

		CIF7.5		96.57		31.964		38.917		40.026				965,704		319,644		389,173		400,261

		QCIF15		48.14		33.363		39.592		40.300				481,432		333,631		395,924		402,999

		QCIF7.5		32.28		33.208		39.492		40.176				322,808		332,078		394,920		401,756
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Foreman_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		255.99		33.192		39.718		40.953				2,559,928		331,919		397,184		409,527

		CIF15		190.95		33.310		39.710		40.967				1,909,504		333,095		397,102		409,666

		CIF7.5		95.46		30.670		38.424		39.422				954,568		306,695		384,241		394,223

		QCIF15		47.73		32.629		39.441		39.951				477,312		326,285		394,410		399,508

		QCIF7.5		32.13		32.662		39.179		39.658				321,256		326,624		391,786		396,576

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		257.01		33.556		40.040		41.359				2,570,056		335,559		400,401		413,585

		CIF15		190.36		33.652		40.059		41.377				1,903,640		336,519		400,591		413,771

		CIF7.5		96.31		31.009		38.660		39.735				963,056		310,090		386,596		397,352

		QCIF15		47.74		32.630		39.439		39.955				477,376		326,296		394,394		399,550

		QCIF7.5		32.13		32.662		39.177		39.661				321,336		326,617		391,766		396,605
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Mobile

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		385.71		29.910		35.353		34.705				3,857,067		299,100		353,535		347,046

		CIF15		254.82		28.869		34.094		33.500				2,548,236		288,688		340,943		335,003

		CIF7.5		129.47		25.533		32.302		31.642				1,294,725		255,329		323,022		316,417

		QCIF15		63.94		29.321		33.136		32.211				639,440		293,206		331,363		322,107

		QCIF7.5		50.27		29.543		33.236		32.409				502,680		295,430		332,361		324,093

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		381.13		29.911		35.317		34.672				3,811,304		299,106		353,170		346,723

		CIF15		256.57		28.998		34.356		33.743				2,565,680		289,978		343,561		337,426

		CIF7.5		128.97		25.571		32.296		31.646				1,289,656		255,706		322,961		316,460

		QCIF15		64.02		29.335		33.132		32.178				640,208		293,353		331,323		321,784

		QCIF7.5		50.17		29.533		33.221		32.392				501,688		295,326		332,206		323,918
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Mobile_NOupdate

				Refernce Data										Reference Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		380.47		28.546		33.860		33.295				3,804,736		285,463		338,595		332,951

		CIF15		255.78		27.708		33.622		33.023				2,557,808		277,077		336,218		330,230

		CIF7.5		127.47		23.979		31.741		31.123				1,274,736		239,790		317,414		311,229

		QCIF15		64.31		28.658		32.754		31.787				643,144		286,580		327,537		317,874

		QCIF7.5		49.28		28.843		32.917		32.031				492,832		288,431		329,169		320,314

				Modified Data										Modified Original Data

		Format		Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		CIF30		386.03		28.843		34.372		33.773				3,860,264		288,427		343,720		337,730

		CIF15		258.09		28.201		34.074		33.478				2,580,944		282,005		340,741		334,775

		CIF7.5		128.81		24.575		31.794		31.203				1,288,144		245,748		317,941		312,034

		QCIF15		64.26		28.660		32.735		31.786				642,592		286,604		327,352		317,861

		QCIF7.5		49.23		28.848		32.872		32.049				492,320		288,479		328,722		320,485
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City

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		2040.61		36.107		44.161		46.158				20,406,096		361,066		441,607		461,578

		4CIF30		1020.90		33.998		42.718		44.828				10,209,048		339,979		427,175		448,284

		CIF30		511.69		37.301		44.458		45.894				5,116,920		373,007		444,579		458,943

		CIF15		256.34		33.055		42.740		44.337				2,563,352		330,553		427,397		443,370

		QCIF15		126.93		38.553		44.791		45.784				1,269,328		385,534		447,906		457,837

		QCIF7.5		64.60		35.281		42.367		43.552				646,040		352,812		423,670		435,523

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		2038.82		36.109		44.163		46.161				20,388,176		361,091		441,633		461,608

		4CIF30		1016.64		34.004		42.719		44.827				10,166,400		340,035		427,194		448,267

		CIF30		511.75		37.303		44.466		45.892				5,117,544		373,034		444,655		458,922

		CIF15		258.48		33.168		42.751		44.345				2,584,792		331,680		427,509		443,450

		QCIF15		127.06		38.551		44.800		45.780				1,270,600		385,514		447,998		457,797

		QCIF7.5		64.54		35.272		42.352		43.560				645,416		352,724		423,523		435,599
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Crew

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3063.48		36.631		41.184		41.966				30,634,816		366,305		411,840		419,658

		4CIF30		1530.25		35.513		40.496		40.695				15,302,456		355,125		404,963		406,951

		CIF30		766.34		36.314		40.863		39.891				7,663,408		363,138		408,626		398,905

		CIF15		387.60		33.508		39.026		37.587				3,876,024		335,076		390,258		375,867

		QCIF15		192.47		36.130		39.771		38.160				1,924,744		361,295		397,708		381,601

		QCIF7.5		96.81		33.011		37.195		35.517				968,144		330,113		371,947		355,174

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3059.23		36.632		41.181		41.951				30,592,264		366,317		411,814		419,511

		4CIF30		1524.30		35.509		40.482		40.677				15,243,008		355,087		404,822		406,772

		CIF30		766.01		36.312		40.865		39.883				7,660,144		363,124		408,646		398,828

		CIF15		387.03		33.508		39.020		37.605				3,870,312		335,075		390,200		376,054

		QCIF15		192.61		36.143		39.785		38.162				1,926,080		361,430		397,847		381,617

		QCIF7.5		96.96		33.029		37.199		35.524				969,560		330,293		371,986		355,240
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Harbour

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3057.16		33.788		42.821		44.856				30,571,560		337,884		428,213		448,564

		4CIF30		1542.48		31.576		41.491		43.515				15,424,808		315,759		414,913		435,149

		CIF30		762.08		32.433		41.853		43.504				7,620,840		324,329		418,531		435,036

		CIF15		382.30		29.143		40.489		42.308				3,823,008		291,426		404,892		423,081

		QCIF15		193.37		34.183		42.309		44.307				1,933,680		341,831		423,092		443,066

		QCIF7.5		95.11		31.317		40.080		42.424				951,080		313,172		400,802		424,241

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3055.47		33.792		42.820		44.857				30,554,656		337,922		428,201		448,568

		4CIF30		1541.49		31.591		41.493		43.513				15,414,896		315,911		414,931		435,126

		CIF30		762.26		32.438		41.848		43.513				7,622,632		324,382		418,484		435,125

		CIF15		385.77		29.230		40.489		42.307				3,857,696		292,299		404,892		423,073

		QCIF15		193.35		34.183		42.307		44.304				1,933,512		341,827		423,074		443,035

		QCIF7.5		95.17		31.319		40.079		42.425				951,744		313,186		400,786		424,253
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Soccer

				Refernce Data										Reference Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3071.09		36.910		43.955		45.892				30,710,888		369,104		439,552		458,924

		4CIF30		1543.85		35.181		42.732		44.713				15,438,544		351,811		427,323		447,133

		CIF30		765.56		36.613		43.102		44.893				7,655,600		366,128		431,018		448,931

		CIF15		385.29		33.255		41.304		43.198				3,852,872		332,553		413,036		431,979

		QCIF15		191.89		37.805		42.813		44.408				1,918,920		378,053		428,131		444,082

		QCIF7.5		96.65		34.056		40.218		41.825				966,488		340,556		402,179		418,249

				Modified Data										Modified Original Data

		Format		Bitrate		PSNR(Y)		PSNR(Cb)		PSNR(Cr)				Total Bits		PSNR(Y)		PSNR(Cb)		PSNR(Cr)

		4CIF60		3088.03		37.028		44.031		45.955				30,880,336		370,276		440,307		459,552

		4CIF30		1528.76		35.249		42.767		44.743				15,287,576		352,492		427,668		447,434

		CIF30		767.42		36.726		43.196		44.991				7,674,224		367,257		431,964		449,914

		CIF15		380.20		33.272		41.418		43.318				3,801,960		332,718		414,184		433,179

		QCIF15		191.12		37.844		42.848		44.453				1,911,240		378,436		428,483		444,534

		QCIF7.5		96.46		34.038		40.231		41.812				964,600		340,382		402,312		418,115
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