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TITLE:
An Improved H.26L Coder Using Lagrangian Coder Control

___________________

Summary

This document describes an H.26L coder whose operational mode is rate-distortion optimized using Lagrangian techniques. A similar method has been proposed to ITU-T VCEG by the second author in Q15-D-13
 for the application to the test model of the ITU-T Recommendation H.263, version 2. The proposal in Q15-D-13 led to the creation of a new encoder recommendation (TMN-10) and is up to now the core of the high-complexity mode of the latest TMN. 

The coder generates an H.26L bit-stream compliant with the H.26L Test Model Long Term Number 7 (TML-7)
 where the context-based adaptive binary arithmetic coding (CABAC)
 is used for entropy coding. Comparisons are made against the ITU-T H.26L codec version 6.2. The simulations are run for the set of test sequences and conditions as specified in the MPEG coding efficiency CfP
. All bit-streams have been successfully decoded and an accompanying excel document contains results on R-D performance.

For motion estimation, reference frame selection, and intra 4x4-mode decision, we use bit-rates in our experiments that would have been obtained for the UVLC, while the actual entropy coding uses CABAC. The macroblock mode decision is based on the actual CABAC bit-rates.

We have observed that for all sequences tested, the improved encoding strategy provides PSNR gains of between 0.2 and 0.3 dB or, correspondingly, bit-rate savings of about 3-6% comparing against the TML-7 encoding strategy using CABAC.

1 Motion Estimation and Mode Selection

The problem of optimum bit allocation to the motion vectors and the residual coding in any hybrid video coder is a non-separable problem requiring a high amount of computation. To circumvent this joint optimization, we split the problem of macroblock encoding into two parts: motion estimation and mode decision. For that, motion estimation for the various modes (16x16, 16x8, 8x16, 8x8, etc.) is conducted first, and then given these motion vectors, the overall rate-distortion costs for all macroblock modes are computed for rate-constrained mode decision. In the remainder of this section, our approaches to motion estimation and mode decision are described. In the next section, the complete algorithm is given.

1.1 Rate-Constrained Motion Estimation

For each block or macroblock the motion vector is determined by full search on integer-pixel positions followed by quarter-pixel refinement. The integer-pixel search for the 16x16 block and the most recent decoded frame is conducted over the range [-16…16]x[-16…16] pixels relative to the motion vector prediction for the regarded block. For smaller blocks or older pictures the search range is reduced according to the TML-7. The search is conducted given the predictor of the block motion vector. 

We view motion-compensated prediction as a source coding problem with a fidelity criterion. For bit-allocation, we use a Lagrangian formulation wherein distortion is weighted against rate using a Lagrange multiplier. More precisely, our integer-pixel motion search as well as our sub-pixel refinement returns the motion vector that minimizes
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 being the Lagrange multiplier. The rate term 
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 represents the motion information only and is computed by a table-lookup. The rate is estimated by using the universal variable length code (UVLC) table of the TML-7. The 
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with s being the original video signal and c being the coded video signal. The choice of 
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 has a rather small impact on the result of the 16x16 block motion estimation. But the search result for smaller blocks is strongly affected by 
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where 
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 is the macroblock quantization parameter.

The current H.26L test model (TML-7) already defines this concept of rate-constrained motion estimation. We have only adapted the Lagrangian multiplier 
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. Another difference is that for motion prediction of a 16x16 block with zero vector components no bias is subtracted from the motion vector cost 
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 in our approach. There is no necessity to favour the skip mode during motion estimation since it will be treated separately in the macroblock mode decision (see section 1.2).

1.2 Rate-Constrained Mode Decision

In the proposed coder, the current macroblock mode is chosen given the mode decisions made for the past macroblocks. Rate-constrained mode decision refers to the minimization of the following Lagrangian functional
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where 
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 is the macroblock quantizer,  
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 is the Lagrange multiplier for mode decision, and 
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 indicates a mode chosen from the set of potential prediction:
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B-frame: 
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Note that the 
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 mode refers to the 16x16 mode where no motion and residual information is encoded. 
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 is the sum of the squared differences between the original block 
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 and its reconstruction 
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where 
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 is the macroblock quantization parameter.

The determination of the reference frame REF and the associated motion vectors for the NxM inter modes in P-frames and the FWD NxM modes in B-frames is done similar to the definition in the TML-7 by minimizing
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The rate term 
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 represents the number of bits associated with choosing 
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 and is computed by table-lookup using UVLC. The reference frame and block sizes for the bi-directional mode are chosen as combination of the “best” forward and backward mode. 

The best INTER16x16 prediction mode is chosen according to the TML-7. For the INTRA4x4 prediction, the mode decision for each 4x4 block is performed similar to the macroblock mode decision by minimizing
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where 
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 is the macroblock quantizer,  
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 is the Lagrange multiplier for mode decision, and 
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 indicates an intra prediction mode:
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[image: image45.wmf]SSD

 is the sum of the squared differences between the original 4x4 block 
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 and its reconstruction c and 
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 represents the number of bits associated with choosing IMODE.  It includes the bits for the intra prediction mode and the DCT-coefficients for the 4x4 luminance block. The rate term is computed using the UVLC entropy coding since the state of the arithmetic coder for coding the intra prediction modes and the DCT-coefficients is not known during the process of intra mode selection (CBP is unknown for most of the 4x4 blocks at this stage).

2 The Algorithm for Rate-Constrained Encoding

The procedure to encode one macroblock 
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 in a I-, P- or B-frame in our video codec is summarized as follows.

1. Given the last decoded frames, 
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, and the macroblock quantizer 
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2. Choose intra prediction modes for the INTRA 4x4 macroblock mode by minimizing
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with 
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3. Determine the best 
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4. Perform motion estimation and reference frame selection by minimizing


[image: image55.wmf]))

(

))

(

)

(

(

(

)))

(

,

(

,

(

)

|

)

(

,

(

REF

R

REF

REF

R

REF

REF

c

s

SAD

REF

REF

J

MOTION

MOTION

+

-

×

+

=

p

m

m

m

l

l


for each reference frame and motion vector of a possible macroblock mode.

5. Choose the macroblock prediction mode by minimizing
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 indicates a mode out of the set of potential macroblock modes:


I-frame:  
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P-frame: 
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B-frame: 
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The computation of 
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 is simple. The costs for the other macroblock modes are computed using the intra prediction modes or motion vectors and reference frames, which have been estimated in steps 2- 4.

3 Remaining Coder Parts

All remaining coder parts are operated as described in the H.26L Test Model Long Term Number 7 (TML-7) draft0 where CABAC is used for entropy coding.

4 Experimental Results

For illustration purpose of effectiveness of the proposed encoding strategy in comparison to the TML-7 using CABAC for entropy coding, parameterized rate-distortion curves are plotted. These curves show PSNR of the luminance component versus bit-rate measured of the complete bit-stream. PSNR is measured as the arithmetic mean of the PSNR values for each frame. The bit-rate is averaged over the complete sequence. The plots have 0.5 dB grid lines on the PSNR axis.

For the following sequences specified in the coding efficiency CfP rate-distortion curves are depicted:

	Name
	Format
	Frame Rate
	# of frames

	Foreman
	QCIF
	10 fps
	100

	News
	QCIF
	10 fps
	100

	Container Ship
	QCIF
	10 fps
	100

	Tempete
	QCIF
	10 fps
	87

	Foreman
	CIF
	15 fps
	150

	News
	CIF
	15 fps
	150

	Container
	CIF
	15 fps
	150

	Tempete
	CIF
	15 fps
	130

	Bus
	CIF
	15 fps
	75

	Mobile & Calendar
	CIF
	15 fps
	125

	Flowers & Garden
	CIF
	15 fps
	125


The rate-distortion curves are generated by varying the value of the macroblock quantizer 
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 that is fixed for a sequence. The parameters given below have been used for the original ITU-T H.26L coder version 6.2 coder as well as for the rate-distortion optimized coder. 
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	31, 27, 25, 23, 21, 18, 16, 14, 12, 10, 8
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	M (distance P-P)
	3 (i.e., 2 B-frames inserted)

	Number of reference frames
	5

	Use of hadamard transform
	enabled


FOREMAN (QCIF, 10fps)
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NEWS (QCIF, 10fps)
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CONTAINER (QCIF, 10fps)
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TEMPETE (QCIF, 10fps)
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FOREMAN (CIF, 15fps)
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NEWS (CIF, 15fps)
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CONTAINER (CIF, 15fps)
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TEMPETE (CIF, 15fps)
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BUS (CIF, 15fps)
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MOBILE & CALENDAR (CIF, 15fps)
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FLOWERS & GARDEN (CIF, 15fps)
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� ITU-T/SG 16/Q.6/VCEG-M-81, “H.26L Test Model Long Term Number 7 (TML-7) draft0“, May 2001.


� ITU-T/SG 16/Q.6/VCEG-L-13, “Adaptive Codes for H.26L“, January 2001.


� ISO/IEC JTC 1/SC 29/WG 11, “Call For Proposals On New Tools For Video Compression Technology”, Doc. N4065, March 2001, Singapore
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				CONTAINER SHIP case A

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		QCIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		100

		fps		10

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		4255		3.404		26.46		37.22		36.41		4733		3.7864		26.69		37.07		36.47

		27		29		5937		4.7496		29.09		37.98		37.81		6090		4.872		29.27		37.89		37.55

		25		27		7492		5.9936		30.62		38.53		38.15		7670		6.136		30.81		38.39		38.06

		23		25		9650		7.72		31.99		39.03		38.98		10022		8.0176		32.17		38.91		38.77

		21		23		12424		9.9392		33.3		39.73		39.31		12855		10.284		33.57		39.59		39.14

		18		20		19370		15.496		35.38		41.23		40.88		19596		15.6768		35.6		41.03		40.84

		16		18		26591		21.2728		36.67		41.8		41.55		27254		21.8032		36.89		41.68		41.53

		14		16		37759		30.2072		37.99		42.7		42.69		38412		30.7296		38.23		42.71		42.63

		12		14		53930		43.144		39.39		43.99		44.06		55052		44.0416		39.62		44.01		44.1

		10		12		77077		61.6616		40.8		45		45.16		78018		62.4144		41		44.99		45.12

		8		10		106318		85.0544		42.19		46.24		46.34		108443		86.7544		42.38		46.22		46.32
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				CONTAINER SHIP case C

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		150

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		16436		13.3264864865		27.25		37.78		37.56		19859		16.1018918919		27.48		37.62		37.41

		27		29		24791		20.1008108108		29.59		38.98		38.58		25600		20.7567567568		29.79		38.83		38.35

		25		27		33938		27.5172972973		30.9		39.39		39.18		34527		27.9948648649		31.07		39.21		38.93

		23		25		47711		38.6845945946		32.15		39.87		39.71		48442		39.2772972973		32.36		39.77		39.57

		21		23		67580		54.7945945946		33.41		40.41		40.42		69073		56.0051351351		33.62		40.24		40.29

		18		20		117128		94.9686486486		35.29		41.9		41.95		120069		97.3532432432		35.51		41.77		41.85

		16		18		168995		137.022972973		36.56		42.56		42.56		173964		141.0518918919		36.77		42.47		42.48

		14		16		243950		197.7972972973		37.87		43.43		43.56		249299		202.1343243243		38.06		43.4		43.46

		12		14		352957		286.1813513514		39.2		44.62		44.68		358329		290.537027027		39.41		44.55		44.58

		10		12		512913		415.8754054054		40.57		45.59		45.72		513777		416.5759459459		40.76		45.57		45.67

		8		10		731749		593.31		41.97		46.63		46.83		734146		595.2535135135		42.16		46.64		46.8
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				BUS case D

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		75

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		95708		157.3282191781		25.24		37.31		38.58		94148		154.7638356164		25.59		37.28		38.53

		27		29		141312		232.2936986301		27.29		38.01		39.29		138588		227.815890411		27.6		37.95		39.22

		25		27		184240		302.8602739726		28.61		38.32		39.7		183075		300.9452054795		28.88		38.31		39.67

		23		25		246889		405.8449315068		30		38.72		40.19		240783		395.8076712329		30.25		38.7		40.18

		21		23		316822		520.8032876712		31.31		39.13		40.64		316024		519.4915068493		31.56		39.14		40.62

		18		20		468982		770.9293150685		33.42		40.26		41.93		459495		755.3342465753		33.67		40.28		42.01

		16		18		599186		984.9632876712		34.87		40.85		42.5		587864		966.3517808219		35.13		40.89		42.63

		14		16		751660		1235.6054794521		36.32		41.68		43.33		737602		1212.4964383562		36.59		41.71		43.51

		12		14		935527		1537.8526027397		37.82		42.66		44.3		915850		1505.5068493151		38.11		42.75		44.52

		10		12		1158819		1904.9079452055		39.36		43.62		45.14		1134906		1865.5989041096		39.66		43.82		45.53

		8		10		1420552		2335.1539726027		40.94		44.61		46.02		1390087		2285.074520548		41.26		44.84		46.41
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				MOBILE AND CALENDAR case D

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		125

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		107411		103.9461290323		23.46		32.14		32.55		108129		104.6409677419		23.65		32.02		32.42

		27		29		152842		147.9116129032		25.67		33.26		33.67		156428		151.3819354839		25.93		33.16		33.55

		25		27		212768		205.904516129		27.15		33.79		34.25		219902		212.8083870968		27.41		33.7		34.14

		23		25		297222		287.6341935484		28.64		34.43		34.9		306315		296.4338709677		28.88		34.35		34.8

		21		23		408819		395.6312903226		30.11		35.06		35.5		418848		405.3367741935		30.36		34.99		35.44

		18		20		654670		633.5516129032		32.47		36.69		37.14		662023		640.6674193548		32.68		36.66		37.12

		16		18		883006		854.5219354839		34.07		37.56		38		884551		856.0170967742		34.25		37.55		37.99

		14		16		1149910		1112.8161290323		35.69		38.68		39.09		1143180		1106.3032258064		35.85		38.71		39.11

		12		14		1489560		1441.5096774194		37.33		40.01		40.39		1470100		1422.6774193548		37.47		40.04		40.45

		10		12		1901415		1840.0790322581		38.97		41.36		41.76		1859852		1799.8567741936		39.11		41.41		41.84

		8		10		2368719		2292.3087096774		40.63		42.69		43.08		2312951		2238.3396774194		40.77		42.75		43.16
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				FLOWERS AND GARDEN case D

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		125

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		138861		134.3816129032		23.44		31.85		34.23		140263		135.7383870968		23.68		31.75		34.17

		27		29		206990		200.3129032258		25.95		32.94		34.92		215384		208.4361290323		26.25		32.87		34.86

		25		27		287548		278.2722580645		27.54		33.49		35.27		299296		289.6412903226		27.8		33.43		35.24

		23		25		404005		390.9725806452		29.09		34.12		35.69		413865		400.514516129		29.34		34.06		35.67

		21		23		547506		529.844516129		30.64		34.76		36.16		556598		538.6432258065		30.87		34.72		36.15

		18		20		838503		811.454516129		33.08		36.54		37.46		841180		814.0451612903		33.27		36.5		37.42

		16		18		1087868		1052.775483871		34.74		37.5		38.21		1084123		1049.1512903226		34.92		37.47		38.2

		14		16		1363307		1319.3293548387		36.41		38.71		39.33		1348760		1305.2516129032		36.58		38.69		39.32

		12		14		1688393		1633.9287096774		38.11		40.19		40.71		1666923		1613.1512903226		38.27		40.16		40.71

		10		12		2063394		1996.8329032258		39.81		41.74		42.24		2027710		1962.3		39.99		41.71		42.24

		8		10		2479402		2399.4212903226		41.52		43.26		43.64		2431646		2353.2058064516		41.71		43.24		43.63
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				TEMPETE case C

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		130

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		92139		85.0513846154		25.5		33.8		35.74		90560		83.5938461538		25.75		33.46		35.56

		27		29		133364		123.1052307692		27.71		34.63		36.63		133357		123.0987692308		27.98		34.48		36.5

		25		27		180182		166.3218461538		29.03		35.15		37.11		181307		167.3603076923		29.24		34.98		37

		23		25		251118		231.8012307692		30.32		35.61		37.61		251132		231.8141538462		30.52		35.5		37.5

		21		23		344645		318.1338461538		31.6		36.1		38.05		347154		320.4498461538		31.79		35.99		37.98

		18		20		569242		525.4541538462		33.65		37.36		39.17		568801		525.0470769231		33.85		37.25		39.11

		16		18		782162		721.9956923077		35.1		38.05		39.76		776118		716.4166153846		35.29		37.96		39.72

		14		16		1040518		960.4781538462		36.59		38.93		40.49		1026230		947.2892307692		36.77		38.86		40.46

		12		14		1363560		1258.6707692308		38.12		40.1		41.43		1341784		1238.5698461538		38.3		40.04		41.42

		10		12		1753929		1619.0113846154		39.67		41.42		42.48		1715468		1583.5089230769		39.84		41.4		42.5

		8		10		2211542		2041.4233846154		41.25		42.71		43.52		2155294		1989.5021538461		41.44		42.7		43.55
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Sheet1

		

				FOREMAN case C

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		150

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		80684		65.4194594595		28.31		37.74		38.58		75951		61.5818918919		28.77		37.66		38.54

		27		29		104065		84.377027027		30.32		38.5		39.63		102304		82.9491891892		30.7		38.44		39.55

		25		27		130125		105.5067567568		31.54		38.84		40.11		127622		103.4772972973		31.87		38.82		40.12

		23		25		165805		134.4364864865		32.71		39.29		40.65		165240		133.9783783784		33.01		39.25		40.59

		21		23		212862		172.5908108108		33.86		39.86		41.2		213144		172.8194594595		34.13		39.7		41.12

		18		20		316765		256.8364864865		35.66		40.77		42.5		320283		259.6889189189		35.89		40.76		42.5

		16		18		417081		338.1737837838		36.86		41.29		43.15		428663		347.5645945946		37.08		41.25		43.11

		14		16		556291		451.0467567568		38.1		42.02		43.96		565343		458.3862162162		38.31		42.01		43.97

		12		14		747411		606.0089189189		39.34		42.95		44.91		761015		617.0391891892		39.55		42.93		44.91

		10		12		998044		809.2248648649		40.61		43.98		45.77		1009255		818.3148648649		40.82		43.97		45.81

		8		10		1326857		1075.83		41.95		44.92		46.54		1338288		1085.0983783784		42.16		44.58		46.58
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Sheet1

		

				NEWS case C

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		CIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		150

		fps		15

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		40468		32.8118918919		28.42		36.88		37.78		44900		36.4054054054		28.91		35.59		37.12

		27		29		55471		44.9764864865		31.02		38.09		38.87		55904		45.3275675676		31.42		37.43		38.6

		25		27		70377		57.0624324324		32.58		38.42		39.23		71618		58.0686486486		32.88		37.9		39.09

		23		25		89975		72.9527027027		34.05		39.04		39.89		90875		73.6824324324		34.34		38.77		39.84

		21		23		113443		91.9808108108		35.39		39.67		40.51		114809		93.0883783784		35.67		39.3		40.38

		18		20		163408		132.492972973		37.38		41.33		42.09		163817		132.8245945946		37.59		40.93		41.89

		16		18		207566		168.2967567568		38.67		41.86		42.7		207461		168.2116216216		38.9		41.54		42.54

		14		16		263706		213.8156756757		39.98		42.84		43.58		260556		211.2616216216		40.16		42.48		43.45

		12		14		337640		273.7621621622		41.17		43.95		44.82		331750		268.9864864865		41.41		43.5		44.64

		10		12		432824		350.9383783784		42.38		44.83		45.77		421658		341.8848648649		42.61		44.57		45.7

		8		10		558131		452.5386486486		43.54		45.78		46.71		538243		436.4132432432		43.79		45.66		46.72
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Sheet1

		

				TEMPETE case A

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		QCIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		87

		fps		10

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		20094		18.912		24.72		32.63		34.54		19946		18.7727058824		25.07		32.32		34.4

		27		29		29718		27.9698823529		27.13		33.49		35.63		29668		27.9228235294		27.47		33.38		35.48

		25		27		39217		36.9101176471		28.62		33.98		36.05		39416		37.0974117647		28.89		33.89		36.02

		23		25		52255		49.1811764706		30.03		34.56		36.67		52085		49.0211764706		30.24		34.47		36.59

		21		23		67876		63.8832941176		31.37		35.05		37.09		68160		64.1505882353		31.59		34.99		37.08

		18		20		103405		97.3223529412		33.48		36.45		38.41		103077		97.0136470588		33.67		36.42		38.37

		16		18		137049		128.9872941176		34.94		37.26		39.15		135942		127.9454117647		35.12		37.19		39.12

		14		16		177612		167.1642352941		36.43		38.23		40.04		174827		164.5430588235		36.56		38.22		40.03

		12		14		230425		216.8705882353		37.94		39.47		41.12		226723		213.3863529412		38.1		39.48		41.16

		10		12		295341		277.968		39.51		40.9		42.3		288618		271.6404705882		39.67		40.93		42.36

		8		10		372508		350.5957647059		41.12		42.28		43.46		363531		342.1468235294		41.26		42.32		43.56
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Sheet1

		

				FOREMAN case A

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		QCIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		100

		fps		10

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		20544		16.4352		26.89		37.02		37.28		19975		15.98		27.27		36.97		37.22

		27		29		27577		22.0616		29.09		37.89		38.17		27824		22.2592		29.48		37.93		38.19

		25		27		35172		28.1376		30.45		38.3		38.82		35306		28.2448		30.8		38.27		38.85

		23		25		45047		36.0376		31.87		38.75		39.34		44817		35.8536		32.1		38.66		39.3

		21		23		56768		45.4144		33.14		39.26		39.88		56782		45.4256		33.38		39.21		39.89

		18		20		81035		64.828		35.11		40.48		41.28		81463		65.1704		35.35		40.52		41.29

		16		18		102828		82.2624		36.45		40.98		41.92		102505		82.004		36.65		40.99		41.99

		14		16		130116		104.0928		37.78		41.82		42.81		129501		103.6008		38		41.83		42.86

		12		14		165136		132.1088		39.17		42.78		43.83		164728		131.7824		39.37		42.81		43.88

		10		12		210151		168.1208		40.56		43.86		44.86		207308		165.8464		40.75		43.88		44.94

		8		10		265692		212.5536		42.02		44.79		45.77		262515		210.012		42.22		44.81		45.9
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Sheet1

		

				NEWS case A

				rd-optimization (mode 1):						lambda_mode = 2^(QP/3-1)

										lambda_motion=sqrt(lambda_mode)

		format		QCIF						mode is element of (INTRA4x4, INTRA16x16, 16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 4x4, 16x16back, 16x8back, 8x16back, 8x8back,8x4back, 4x8back, 4x4back, bidirect, direct, copy)

		# of frames		100

		fps		10

										original coder using CABAC										rd-optimized coder using CABAC

		QP(I,P)		QP(B)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)		file size		rate[kbs]		PSNR(Y)		PSNR(U)		PSNR(V)

		31		31		11380		9.104		26.4		35.52		36.42		12009		9.6072		26.79		34.85		36.08

		27		29		16255		13.004		29.06		36.63		37.45		16577		13.2616		29.29		36.18		37.24

		25		27		20686		16.5488		30.58		37.23		37.76		20983		16.7864		30.89		37.17		37.67

		23		25		27039		21.6312		32.18		37.93		38.45		27019		21.6152		32.43		37.83		38.43

		21		23		33824		27.0592		33.53		38.6		39.3		33864		27.0912		33.79		38.45		39.19

		18		20		48193		38.5544		35.85		40.09		40.58		48133		38.5064		36.06		39.88		40.52

		16		18		60580		48.464		37.31		40.74		41.27		60512		48.4096		37.55		40.58		41.17

		14		16		75570		60.456		38.78		42.02		42.24		74970		59.976		38.98		41.76		42.15

		12		14		94790		75.832		40.23		43.15		43.9		93453		74.7624		40.41		42.88		43.81

		10		12		118224		94.5792		41.61		44.21		44.92		116055		92.844		41.84		43.87		44.76

		8		10		145336		116.2688		43.09		45.39		45.97		142295		113.836		43.37		44.96		45.81
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