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A lossless video coding result based on the JM syntax (JVT-C023) was reported in the Fairfax meeting. The compression ratio of the lossless coding was better than the JM1.7 lossy coding result at QP of (–10), which is equivalent to QP of 2 in the CD. This contribution provides new experimental result based on JM2.0. It is proposed that JVT adopt this lossless coding feature into the standard.

1. Introduction

Since the current transforms and quantization could cause data loss by rounding or shifting operation, the transform and quantization steps are skipped in order to achieve a simple lossless coding. To make this easy to fit into the current codec, the existing entropy coding tools are used to code the image residuals after Intra or Inter predictions. Therefore, no syntax change is needed. Since the lossless coding approach still uses all the possible Intra and Inter predictions, it fits naturally into I, P, and B frames. Since MIN_QP is defined as (-8) in JM2.0, QP of (-9) is used to signal the lossless coding option. When QP of a slice is (-9), the slice is to be coded losslessly, in the meanwhile, Dquant is forced to be zero for all MB’s in this slice, and there is no double scan when UVLC is used. 

2. Experimental results

2.1 Lossless Coding

The Experiments were based on JM2.0. For the lossless coding, RDOPT is on, search range is 32, number of reference frames is 5, all MB modes are enabled. Each sequence is coded as one I frame followed by all P frames; no B frame is inserted. The loopfilter is turned off for the lossless coding. Both CABAC and UVLC were tested in the experiments.

Table 1. Compression Ratio of the Lossless Video Coding
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The results are listed in Table 1. Among thirteen tested sequences, the compression ratio ranges from 2.06 to 4.68 for CABAC, from 1.24 to 3.35 for UVLC; the average is 2.80 for CABAC and 1.87 for UVLC. 

2.2 Comparison with JM Lossy Coding

Lossy coding results of JM2.0 were obtained to compare with the lossless coding. The coding condition is same as stated in Section 2.1 with RDOPT, 5 reference frames, search range of 32, all MB modes, and IPPP. QP values of (-7) and (–8) were chosen for the comparison. The compression ratios are shown in Table 2. Since MIN_QP is defined as (-8) in JM2.0, lossy coding result with QP less than (-8) is not available for comparison. The compression ratio for the lossless coding is quite comparable with the JM2.0 lossy coding; and we shall expect that the JM2.0 compression ratio at QP of (-12) or even (-10) be not better than that of the lossless coding.

Table 2. Comparison of the Compression Ratio of JM2.0 coding and Lossless Coding
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3. Alternative UVLC for coefficient coding

In Fairfax, a CAVLC proposal has been adopted into the CD for coefficients coding, however, it has not been implemented in JM2.0. Since the 2D level-run coding in JM2.0 using UVLC is not very efficient, we have tested separate level/run coding based on UVLC. A (level, run) pair is coded as a “level” using the same code table as MVD, followed by a “run” using the same code table as MB run. A zero “level” signals EOB. As summarized in Table 3, the lossless compression ratio increases from 1.87 (Table 1) to 2.04 on average, which means a relative 8.3% bit reduction. Since both level and run tables are existing, there is no any extra complexity increase by doing the simple 1D level/run coding. The CAVLC, even though more complex, might be able to improve the compression ratio even further.

Table 3. Compression ratio with the separate level/run coding
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Summary

We have demonstrated that a decent lossless coding performance can be achieved based on the existing JM framework by simply skipping transform and quantization steps. It is proposed that JVT adopt this feature into the standard. Since the CD has redefined the QP as [0, 51] instead of [-12, 39] in WD, zero QP could be used to signal the lossless coding.

Proposed changes to CD

The following paragraph shall be added to section 8.3.4.

“When the value of QPY is zero, all transform and quantization processes shall be skipped. The zero QPY therefore enables a lossless video coding feature for the standard.”
(Append for Proposal Documents)
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log

		sequence		frames coded		frame rate		frame width		frame height		bits/pel		bitrate     (UVLC)		compression ratio (UVLC)

		container_qcif		100		10		176		144		12		1187720		2.56

		news_qcif		100		10		176		144		12		861453		3.53

		foreman_qcif		100		10		176		144		12		1644118		1.85

		silent_qcif		150		15		176		144		12		1567846		2.91

		paris_cif		150		15		352		288		12		8627389		2.12

		mobile_cif		300		30		352		288		12		22680498		1.61

		tempete_cif		260		30		352		288		12		21756094		1.68

		coast_cif		300		30		352		288		12		20722296		1.76

		stefan_cif		300		30		352		288		12		23604000		1.55

		stefan_qcif		150		15		176		144		12		3038014		1.50

		foreman_cif		300		30		352		288		12		18673394		1.95

		bus_cif		150		30		352		288		12		22113196		1.65

		flower_30Hz_cif		250		30		352		288		12		19132276		1.91

		average														2.04
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		sequence		frames coded		frame rate		QP=-7 (CABAC)		QP=-8 (CABAC)		lossless (CABAC)		QP=-7 (UVLC)		QP=-8 (UVLC)		lossless (UVLC)

		container_qcif		100		10		4.44		4.16		3.56		3.57		3.30		2.60

		news_qcif		100		10		5.89		5.56		4.68		4.62		4.31		3.35

		foreman_qcif		100		10		3.35		3.14		2.69		2.82		2.62		1.85

		silent_qcif		150		15		5.11		4.84		3.82		3.93		3.62		2.70

		paris_cif		150		15		3.54		3.31		2.90		2.71		2.50		2.04

		mobile_cif		300		30		2.46		2.33		2.18		1.69		1.56		1.37

		tempete_cif		260		30		2.63		2.48		2.28		1.86		1.71		1.46

		coast_cif		300		30		2.84		2.67		2.48		1.96		1.81		1.48

		stefan_cif		300		30		2.58		2.43		2.15		1.81		1.67		1.31

		stefan_qcif		150		15		2.35		2.23		2.06		1.58		1.47		1.24

		foreman_cif		300		30		3.33		3.10		2.73		2.59		2.36		1.86

		bus_cif		150		30		2.74		2.58		2.29		1.96		1.81		1.43

		flower_30Hz_cif		250		30		3.01		2.85		2.60		1.98		1.84		1.61

		average						3.40		3.21		2.80		2.55		2.35		1.87
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Sheet1

		sequence		frames coded		frame rate		frame width		frame height		bits/pel		bitrate (CABAC)		compression ratio (CABAC)		bitrate (UVLC)		compression ratio (UVLC)

		container_qcif		100		10		176		144		12		854636		3.56		1169603		2.60

		news_qcif		100		10		176		144		12		649421		4.68		907578		3.35

		foreman_qcif		100		10		176		144		12		1130477		2.69		1645279		1.85

		silent_qcif		150		15		176		144		12		1195733		3.82		1687263		2.70

		paris_cif		150		15		352		288		12		6293874		2.90		8934188		2.04

		mobile_cif		300		30		352		288		12		16731416		2.18		26656640		1.37

		tempete_cif		260		30		352		288		12		16002820		2.28		25036204		1.46

		coast_cif		300		30		352		288		12		14728442		2.48		24682302		1.48

		stefan_cif		300		30		352		288		12		16987796		2.15		27942776		1.31

		stefan_qcif		150		15		176		144		12		2211283		2.06		3672602		1.24

		foreman_cif		300		30		352		288		12		13382190		2.73		19599078		1.86

		bus_cif		150		30		352		288		12		15926459		2.29		25545588		1.43

		flower_30Hz_cif		250		30		352		288		12		14031506		2.60		22727974		1.61

		average														2.80				1.87
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