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Summary

This document describes an MPEG-4 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. It should also be noted that the TML, the test model of H.26L, the new project of ITU-T VCEG, basically follows this approach. 

The coder generates an MPEG-4 bit-stream compliant with ISO/IEC JTC 1/SC 29 14496-2 (MPEG-4 Visual, version 2). Comparisons are made against the MoMuSys coder according to the VM-17
 description. The simulations are run for the set of test sequences and conditions as specified in the coding efficiency CfP
. All bit-streams have been successfully decoded and results have been derived using the MoMuSys advanced simple profile decoder and an accompanying excel document contains those results.

We have observed that for all sequences tested, the improved encoding strategy provides PSNR gains of between 0.5 and 1.5 dB or, correspondingly, bit-rate savings of about 10-20% at medium bit rates comparing against the MoMySys encoding strategy. When coding at low bit-rates, PSNR gains up to 3 dB and bit-rate savings of up to 40% have been obtained.

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 (INTER, INTER-4V, 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 half-pixel and possibly quarter-pixel refinement. The integer-pixel search is conducted over the range [-32…32]x[-32…32] pixels relative to the position of the block or macroblock in the current frame. The search is conducted given the predictor of the block or macroblock 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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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 8x8 blocks is strongly affected by 
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where 
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 is the macroblock quantization parameter.

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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 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 modes for progressive video material:


P-VOP: 
[image: image17.wmf]{

}

,,,-4

MODEINTRASKIPINTERINTERV

Î

,


S-VOP: 
[image: image18.wmf]{

}

,,,-4,

MODEINTRASKIPINTERINTERVSPRITE

Î

,


B-VOP: 
[image: image19.wmf]{

}

,,,,

MODEDIRECTSKIPFWDFRMBAKFRMAVEFRM

Î

.

Note that the 
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 mode refers to the macroblock mode where the COD bit is set to “1” (P-,S-VOP) or the MODB is set to “0” (B-VOP). 
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 is the sum of the squared differences between the original block 
[image: image22.wmf]s

 and its reconstruction 
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 being given as
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[image: image28.wmf][,,|]

cxyMODEQP

 represents the reconstructed luminance values corresponding to 
[image: image29.wmf][,]

sxy

. We choose


[image: image30.wmf]2

85

.

0

QP

MODE

×

=

l

,

where 
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 is the macroblock quantization parameter.

2. The Algorithm for Rate-Constrained Encoding

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

1. Given the last decoded frame, 
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of the VOP of the same type (P, S or B)

2. Perform local motion estimation by minimizing
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for each motion vector of a possible macroblock mode.

3. Choose the macroblock prediction mode by minimizing
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 when varying 
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 indicates a mode out of the set of potential macroblock modes for progressive video material. This set depends on the VOP type:
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The computation of 
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 is simple. The cost for the other prediction modes are computed using the motion vectors, which have been estimated using the rate-constrained motion estimation in step 2.

3. Remaining Coder Parts

All remaining coder parts are operated as described in the MPEG-4 Video Verification Model, version 17.

4. Experimental Results

For illustration purpose of effectiveness of the proposed encoding strategy in comparison to VM 17, 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

	Tempete
	QCIF
	10 fps
	87

	Bus
	CIF
	15 fps
	75

	Flowers & Garden
	CIF
	15 fps
	125

	News
	CIF
	15 fps
	150


The rate-distortion curves are generated by varying the value of the macroblock quantizer 

 that is fixed for a sequence. The parameters given below have been used for the original MoMuSys coder as well as for the rate-distortion optimized coder. At the end of the sequences the distance between two consecutive P- or S-VOPs is adapted so that the last frame is always coded as P- or S-VOP.

	

 (I-VOP) and 

 (P-, S-VOP)
	31, 25, 15, 10, 7, 5,4

	

 (B-VOP)
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	Quantisation matrix
	MPEG-2 quantization matrix

	Quarter-pixel MC
	enabled

	M (distance P-P or S-S)
	3 (i.e., 2 B-frames inserted)

	GMC
	enabled

	Search range for LMC
	[-32…32]x[-32…32]

	Post Filter
	Disabled for SNR measurement

Enabled for subjective tests
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[image: image51.wmf]Tempete (QCIF, 10fps, M=3, with GMC)
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[image: image52.wmf]Bus (CIF, 15fps, M=3, with GMC)
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[image: image53.wmf]Flowers & Garden (CIF, 15fps, M=3, with GMC)
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[image: image54.wmf]News (CIF, 15fps, M=3, with GMC)
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� ITU-T/SG 16/Q15-D-13 can be obtained via anonymous ftp to standard.pictel.com/video-site/9804_Tam/q15d13.doc. 


� ISO/IEC JTC 1/SC 29/WG 11, "MPEG-4 Video VM 17.0", Doc. N3515, Beijing, China, July 2000


� 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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Tabelle1

		News, 10fps, 10sec, QCIF, QPEL, MPEG-2-Quant

						0.0008										0.0008

						original MoMuSys (VM 16)						(100 frames)				with rate-constrained MD/ME						(100 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		21103		16.8824		26.84		32.34		34.12		12208		9.7664		26.52		31.34		33.73

		23		28		23094		18.4752		28.01		33.64		35.07		14537		11.6296		27.83		33.13		34.97

		15		18		30623		24.4984		30.15		35.14		36.47		23215		18.572		30.15		34.76		36.47

		10		12		43408		34.7264		32.33		37.07		38.19		36287		29.0296		32.52		36.9		38.18

		7		8		62040		49.632		34.33		38.61		39.45		54023		43.2184		34.59		38.45		39.51

		5		6		84088		67.2704		36.4		40.18		41.06		75921		60.7368		36.68		39.95		41.05

		4		5		102947		82.3576		37.73		41.27		42.05		93047		74.4376		38.03		40.98		42.11
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Diagramm1
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Tabelle1

		Bus, 15fps, 5sec, CIF, QPEL, MPEG-2-Quant

						0.001643836										0.0016

						original MoMuSys (VM 16)						(73 frames)				with rate-constrained MD/ME						(75 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		131054		215.431283144		25.45		35.18		36		81396		130.2336		25.19		35.22		36.58

		23		28		144532		237.586904752		26.45		35.85		37.14		99531		159.2496		26.38		36.05		37.42

		15		18		204827		336.701996372		28.46		37.2		38.44		167685		268.296		28.58		37.32		38.82

		10		12		300228		493.525594608		30.6		38.56		39.86		269692		431.5072		30.86		38.75		40.34

		7		8		441370		725.53989532		32.74		39.84		41.27		412848		660.5568		33.08		40.12		41.74

		5		6		606196		996.486807856		34.72		41.18		42.69		580005		928.008		35.09		41.52		43.22

		4		5		743233		1221.753161788		36.04		42.09		43.59		714226		1142.7616		36.4		42.41		44.07
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Tabelle1

		Flowers & Garden, 15fps, 8.33sec, CIF, QPEL, MPEG-2-Quant

						0.00096774										0.00096

						original MoMuSys (VM 16)						(124 frames)				with rate-constrained MD/ME						(125 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		201386		194.88928764		23.33		28.72		32.39		131609		126.34464		23.05		28.54		32.36

		23		28		227531		220.19084994		24.54		29.77		33.12		171018		164.17728		24.46		29.73		33.14

		15		18		368237		356.35767438		26.82		31.52		34.27		318570		305.8272		26.88		31.58		34.37

		10		12		593106		573.97240044		29.25		33.43		35.72		548047		526.12512		29.41		33.55		35.86

		7		8		921364		891.64079736		31.75		35.29		37.06		873451		838.51296		31.92		35.37		37.21

		5		6		1287188		1245.66331512		34.03		37.09		38.59		1234273		1184.90208		34.22		37.19		38.75

		4		5		1574318		1523.53050132		35.56		38.35		39.65		1514440		1453.8624		35.75		38.45		39.79
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Tabelle1

		News, 15fps, 10sec, CIF, QPEL, MPEG-2-Quant

						0.0008										0.0008

						original MoMuSys (VM 16)						(150 frames)				with rate-constrained MD/ME						(125 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		98404		78.7232		29.26		34.18		35.93		46100		36.88		28.64		33.16		35.71

		23		28		103980		83.184		30.45		35.31		37.03		55058		44.0464		30.06		34.28		36.7

		15		18		129825		103.86		32.5		37.13		38.22		85143		68.1144		32.32		36.49		38.2

		10		12		172286		137.8288		34.53		38.89		39.89		129678		103.7424		34.62		38.38		39.96

		7		8		236691		189.3528		36.38		40.28		41.15		190834		152.6672		36.62		39.67		41.11

		5		6		314378		251.5024		38.24		41.77		42.69		266471		213.1768		38.53		41.05		42.66

		4		5		383331		306.6648		39.38		42.71		43.68		328127		262.5016		39.73		41.93		43.58
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original coder (VM 16)

R-D optimized coder
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Diagramm1

		20.6712592		10.69976744

		24.11125834		14.7953986

		39.264358		29.78665922

		64.96458146		54.5563082

		104.02939928		92.6942297

		150.5424911		139.0114595

		189.57328594		177.28455338



original coder (VM 16)

R-D optimized coder

Bit Rate  [kbit/s]

Average PSNR(Y)  [dB]

Tempete (QCIF, 10fps, M=3, with GMC)

24.99

24.38

26.08

25.62

28.12

27.82

30.28

30.15

32.41

32.39

34.41

34.45

35.76

35.83



Tabelle1

		Tempete, 10fps, 8.7sec, QCIF, QPEL, MPEG-2-Quant

						0.00091954										0.00091954

						original MoMuSys (VM 16)						(87 frames)				with rate-constrained MD/ME						(87 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		22480		20.6712592		24.99		29.66		32.44		11636		10.69976744		24.38		28.41		31.21

		23		28		26221		24.11125834		26.08		30.55		33.04		16090		14.7953986		25.62		29.62		32.54

		15		18		42700		39.264358		28.12		32.18		34.63		32393		29.78665922		27.82		31.57		34.07

		10		12		70649		64.96458146		30.28		33.86		36.16		59330		54.5563082		30.15		33.36		35.89

		7		8		113132		104.02939928		32.41		35.46		37.53		100805		92.6942297		32.39		35.06		37.28

		5		6		163715		150.5424911		34.41		37.05		38.99		151175		139.0114595		34.45		36.65		38.76

		4		5		206161		189.57328594		35.76		38.18		39.95		192797		177.28455338		35.83		37.76		39.71
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		32.0544		18.0064

		34.3728		21.248

		44.4928		33.3904

		60.7392		50.7384

		85.1592		74.6768

		114.7424		103.8424

		139.5976		126.972



original coder (VM 16)

R-D optimized coder

Bit-rate  [kbit/s]

Average PSNR(Y)  [dB]

Foreman (QCIF, 10fps, M=3, with GMC)

27.35

26.64

28.27

27.82

30.15

30.12

32.01

32.33

33.91

34.37

35.74

36.21

36.97

37.46
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		Foreman, 10fps, 10sec, QCIF, QPEL, MPEG-2-Quant

						0.0008										0.0008

						original MoMuSys (VM 16)						(100 frames)				with rate-constrained MD/ME						(100 frames)

		QP (P,I)		QP (B)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)		size		rate		PSNR (Y)		PSNR (U)		PSNR (V)

		31		31		40068		32.0544		27.35		34.21		34.07		22508		18.0064		26.64		34.83		34.31

		23		28		42966		34.3728		28.27		35.41		35.01		26560		21.248		27.82		35.88		35.51

		15		18		55616		44.4928		30.15		35.14		36.47		41738		33.3904		30.12		37.25		37.22

		10		12		75924		60.7392		32.01		38.2		38.4		63423		50.7384		32.33		38.64		38.91

		7		8		106449		85.1592		33.91		39.48		39.82		93346		74.6768		34.37		39.9		40.31

		5		6		143428		114.7424		35.74		40.82		41.31		129803		103.8424		36.21		41.19		41.72

		4		5		174497		139.5976		36.97		41.71		42.31		158715		126.972		37.46		42.1		42.73
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