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1. Background

In document Q15K30 Gisle Bjontegaard showed that intra coding improvements are possible by switching between two VLC tables. A drawback of the method, however, was that it departed from the universal-VLC approach of H.26L. This document presents a way to construct a new VLC that solves this problem, as the new VLC can be viewed as a different interpretation of an original H.26L stream. 

2. The new VLC

The new VLC is constructed by using the shortest original UVLC codeword “1” as an optional prefix to the rest of the words. In order to be able to distinguish all codewords from each other, the new index 0 codeword must have a prefix. The new codewords are called UVLC2 in this document. See Table 1 for a comparison between UVLC and UVLC2.

Table 1. The first nine codewords of UVLC and UVLC2

Index
UVLC
UVLC2

0
1
11

1
001
001

2
011
011

3
00001
1001

4
00011
1011

5
01001
00001

6
01011
00011

7
0000001
01001

8
0000011
01011

By using UVLC2 when coding a symbol you lose one bit for index 0, whereas for all other indices you either save up to two bits or get the same performance.

3. Resynchronizing property of the new VLC

Since the new codewords are just concatenations of old codewords, UVLC2 keeps much of the resynchronizing properties of UVLC. The only issue is whether biterrors can cause the prefixes to come out of sync. However, it is easy to see that codewords with index>0 resynchronizes the bitstream within two codewords. 

4. Switching between UVLC and UVLC2

The switching applies to Intra luma coefficients in double scan with the following rules:

· First coefficient, first scan: use UVLC2 if the above or left block is unavailable or if abs(dc_above)+abs(dc_left) > 2, where dc=1 is used outside the present macroblock.

· First coefficient, second scan: use UVLC2 if abs(dc) > 2 or if first scan had >3 coefficients.

· Second coefficients: use UVLC2 if abs(previous_level) > 2(1) for first (second) scan.

· Third through sixth coefficients: use UVLC2 if abs(previous_level)/(previous_run+2) > 0.

5. Coding improvements

The coding improvements are reported in the included Excel sheet, where quantizers 10, 13, 16, 19, 22 and 25 have been used. The bit reduction figures were computed for each rate-distortion point of the old TML curves by comparing with the linearly interpolated bit usage of the new curves at the same PSNR values.

It is also possible to construct another set of codewords, UVLC3, consisting of original UVLC codewords with zero, one or two prefixes. By switching between UVLC, UVLC2 and UVLC3 even higher gains can be achieved. The corresponding figures are included in the chart as information.
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Container QCIF

		Old		container		qcif

		QP		bits		PSNR

		10		49954		41.62

		13		38136		39.57

		16		28481		37.48

		19		21520		35.28

		22		16138		33.19

		25		12355		31.1

		New2		container		qcif				New3		container		qcif

		QP		bits		PSNR				QP		bits		PSNR

		10		48219		41.67				10		47426		41.67

		13		37006		39.63				13		36519		39.63

		16		27851		37.49				16		27673		37.51

		19		21138		35.36				19		21067		35.36

		22		15932		33.19				22		15926		33.19

		25		12355		31.1				25		12355		31.1

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		31.1		12355		0				31.1		12355		0

		33.19		16138		1.28				33.19		16138		1.31

		35.28		21520		2.67				35.28		21520		2.99

		37.48		28481		2.32				37.48		28481		3.16

		39.57		38136		3.64				39.57		38136		4.9

		41.62		49954		4.02				41.62		49954		5.6





Container QCIF

		



New3

New2

Old



News QCIF

		



New3

New2

PSNR

% bitreduction



Foreman QCIF

		Old		news		qcif

		QP		bits		PSNR

		10		53412		42.42

		13		41947		40.26

		16		32237		37.93

		19		24922		35.5

		22		19128		33.3

		25		14858		31.01

		New2		news		qcif				New3		news		qcif

		QP		bits		PSNR				QP		bits		PSNR

		10		51671		42.52				10		50855		42.51

		13		40724		40.29				13		40197		40.3

		16		31564		37.99				16		31351		37.99

		19		24644		35.56				19		24531		35.56

		22		19083		33.28				22		19046		33.28

		25		14858		31.01				25		14858		31.01

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		31.01		14858		0				31.01		14858		0

		33.3		19128		-0.02				33.3		19128		0.18

		35.5		24922		1.7				35.5		24922		2.15

		37.93		32237		2.62				37.93		32237		3.27

		40.26		41947		3.2				40.26		41947		4.54

		42.42		53412		4.18				42.42		53412		5.6





Foreman QCIF

		



New3

New2

Old



Silent QCIF

		



New3

New2

PSNR

% bitreduction



Paris CIF

		Old		foreman		qcif

		QP		bits		PSNR

		10		43586		41.9

		13		32429		39.78

		16		23863		37.74

		19		17474		35.45

		22		12983		33.41

		25		9184		31.18

		New2		foreman		qcif				New3		foreman		qcif

		QP		bits		PSNR				QP		bits		PSNR

		10		42467		41.99				10		42121		41.99

		13		31927		39.88				13		31771		39.88

		16		23589		37.74				16		23568		37.76

		19		17302		35.49				19		17282		35.49

		22		12908		33.43				22		12917		33.45

		25		9184		31.18				25		9184		31.18

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		31.18		9184		0				31.18		9184		0

		33.41		12983		0.84				33.41		12983		1.02

		35.45		17474		1.47				35.45		17474		1.59

		37.74		23863		1.15				37.74		23863		1.47

		39.78		32429		2.75				39.78		32429		3.22

		41.9		43586		3.6				41.9		43586		4.37





Paris CIF

		



New3

New2

Old



Mobile CIF

		



New3

New2

PSNR

% bitreduction



Tempete CIF

		Old		silent		qcif

		QP		bits		PSNR

		10		56830		41.31

		13		41866		39.05

		16		30083		36.78

		19		21610		34.69

		22		15397		32.65

		25		10608		30.78

		New2		silent		qcif				New3		silent		qcif

		QP		bits		PSNR				QP		bits		PSNR

		10		55271		41.38				10		54774		41.37

		13		41147		39.08				13		41067		39.08

		16		29596		36.79				16		29672		36.76

		19		21491		34.69				19		21499		34.69

		22		15448		32.69				22		15454		32.69

		25		10608		30.78				25		10608		30.78

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		30.78		10608		0				30.78		10608		0

		32.65		15397		0.42				32.65		15397		0.38

		34.69		21610		0.55				34.69		21610		0.51

		36.78		30083		1.75				36.78		30083		1.04

		39.05		41866		2.08				39.05		41866		2.26

		41.31		56830		3.5				41.31		56830		4.25





Tempete CIF

		



New3

New2

Old



		



New3

New2

PSNR

% bitreduction



		Old		paris		cif

		QP		bits		PSNR

		10		264903		41.54

		13		206809		39.32

		16		159264		37.03

		19		122296		34.58

		22		93345		32.28

		25		70644		30

		New2		paris		cif				New3		paris		cif

		QP		bits		PSNR				QP		bits		PSNR

		10		256050		41.56				10		251828		41.57

		13		200973		39.35				13		198460		39.35

		16		155954		37.07				16		154592		37.06

		19		120285		34.61				19		119876		34.61

		22		92120		32.29				22		92165		32.29

		25		70644		30				25		70644		30

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		30		70644		0				30		70644		0

		32.28		93345		1.45				32.28		93345		1.4

		34.58		122296		1.94				34.58		122296		2.27

		37.03		159264		2.44				37.03		159264		3.2

		39.32		206809		3.11				39.32		206809		4.31

		41.54		264903		3.53				41.54		264903		5.21





		



New3

New2

Old



		



New3

New2

PSNR

% bitreduction



		Old		mobile		cif

		QP		bits		PSNR

		10		418883		40.91

		13		334023		38.42

		16		260485		35.83

		19		202230		33.15

		22		154006		30.61

		25		118483		28.2

		New2		mobile		cif				New3		mobile		cif

		QP		bits		PSNR				QP		bits		PSNR

		10		401141		40.92				10		392225		40.92

		13		321423		38.43				13		315977		38.43

		16		252414		35.88				16		249480		35.89

		19		197602		33.18				19		196302		33.18

		22		151731		30.66				22		151152		30.65

		25		118483		28.2				25		118483		28.2

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		28.2		118483		0				28.2		118483		0

		30.61		154006		2.09				30.61		154006		2.33

		33.15		202230		2.56				33.15		202230		3.2

		35.83		260485		3.49				35.83		260485		4.68

		38.42		334023		3.85				38.42		334023		5.48

		40.91		418883		4.31				40.91		418883		6.44





		



New3

New2

Old



		



New3

New2

PSNR

% bitreduction



		Old		tempete		cif

		QP		bits		PSNR

		10		307314		41.11

		13		238143		38.74

		16		182322		36.34

		19		136769		33.79

		22		101000		31.46

		25		72078		29.21

		New2		tempete		cif				New3		tempete		cif

		QP		bits		PSNR				QP		bits		PSNR

		10		296251		41.16				10		291410		41.15

		13		231146		38.78				13		228594		38.78

		16		177758		36.36				16		176757		36.37

		19		134384		33.82				19		134203		33.81

		22		100288		31.51				22		100271		31.5

		25		72078		29.21				25		72078		29.21

		OldPSNR		OldBits		BitSavings				OldPSNR		OldBits		BitSavings

		29.21		72078		0				29.21		72078		0

		31.46		101000		1.39				31.46		101000		1.27

		33.79		136769		2.07				33.79		136769		2.09

		36.34		182322		2.69				36.34		182322		3.33

		38.74		238143		3.31				38.74		238143		4.37

		41.11		307314		4.04				41.11		307314		5.52





		



New3

New2

Old



		



New3

New2

PSNR

% bitreduction




