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1. Introduction

In Eibsee there was a discussion on whether we should keep the universal VLC of H.26L or replace it by, for instance, arithmetic coding. We presented an approach (VCEG-L28) which allows us to stay with the current UVLC, while still being able to code symbols with a different probability distribution. This is achieved by constructing new VLCs from concatenations of UVLC code words. By switching between tables it is possible to improve on intra coding.

In this document we review the design of the new VLCs, which we refer to as UVLC2 and UVLC3, and report on results from intra coding with compression gains up to about 5.5%. As an example of other usage, we report on coding the Coded Block Pattern (CBP) symbols with UVLC2 as well. 

2. The new VLC

The new UVLC2 is constructed by using the shortest original UVLC code word “1” as an optional prefix to the rest of the words. In order to be able to distinguish all code words from each other, the new index 0 code word must have a prefix. UVLC3 is analogously constructed by using up to two prefixes. See Table 1 for a comparison between UVLC, UVLC2 and UVLC3.

Table 1. The first nine code words of UVLC, UVLC2 and UVLC3

Index
UVLC
UVLC2
UVLC3

0
1
11
111

1
001
001
001

2
011
011
011

3
00001
1001
1001

4
00011
1011
1011

5
01001
00001
11001

6
01011
00011
11011

7
0000001
01001
00001

8
0000011
01011
00011

By using UVLC2 or UVLC3 instead of the original UVLC when coding a symbol one loses one bit for index 0, whereas for all other indices one either saves up to two bits or get the same performance.

3. Switching between UVLC and UVLC2

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

Coefficient
Condition for using UVLC2

First of first scan
above or left block is unavailable or abs(dc_above)+abs(dc_left) > 2

First of second scan
abs(dc) > 2 or if first scan had >3 coefficients

Second
abs(previous_level) > 2(1) for first (second) scan

Third through sixth
abs(previous_level)/(previous_run+2) > 0

where dc=1 is used outside the present macroblock.

4. Switching between UVLC, UVLC2 and UVLC3

In addition to the rules above, add the stronger conditions:

Coefficient
Condition for using UVLC3

First of first scan
abs(dc_above)+abs(dc_left) > 4

First of second scan
first scan had >5 coefficients

Second
abs(previous_level) > 3(2) for first (second) scan

Third through sixth
abs(previous_level)/(previous_run+3) > 0

5. Coding improvements

The coding improvements are reported in the included Excel sheet VCEG-M58_intra.xls, using TML 5.91 and quantizers 12,14,16,18,20,22 and 24. The bit rate gains were computed for each rate-distortion point of the old curves by comparing with the linearly interpolated bit rates of the new curves at the same PSNR values. Note that all frames have been intra coded for each sequence. As intra double scan only applies to QP<24, we have omitted QP28 from the list of quantizers.

We also report on results using UVLC2 for all CBP symbols (no switching). The results are included in the Excel sheet VCEG-M58_CBP.xls below. 
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Algorithm Resource Consumption Metrics

Algorithm Name: Intra double scan coding with VLC concatenations 

Algorithm Description: By concatenating UVLC words, UVLC2 and UVLC3 are formed which have flatter probability distributions. Switching between VLC tables reduces the bit usage in intra double scan coding.

Source: Rickard Sjöberg and Per Fröjdh

Contact: Rickard Sjöberg, e-mail: rickard.sjoberg@era.ericsson.se

Encoding metrics

Computational complexity: non-optimized approx. 30ms/frame QCIF or 5-10% for intra coding using TML 5.91 on Windows NT
RAM memory required: 60 bytes

ROM (table) memory required: 128 bytes

Algorithmic delay: none

Program space: 100 lines of C

Decoding metrics

Computational complexity: same as for encoder
RAM memory required: 16 bytes

ROM (table) memory required: none

Algorithmic delay: none

Program space: 70 lines of C

Efficiency metrics

Signal/noise ratio: not affected

Compression efficiency: up to 4% for UVLC2 and 5.5% including UVLC3

Robustness to errors: not affected
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Container QCIF

		Old		container		qcif		intra 10Hz

		QP		bps		PSNR

		24		131734		31.58

		22		158499		33.07

		20		193919		34.53

		18		238612		35.98

		16		284361		37.32

		14		344399		38.7

		12		417876		40.2

		New2		container		qcif				New3		container		qcif

		QP		bps		PSNR				QP		bps		PSNR

		24		131734		31.58				24		131734		31.58

		22		156791		33.09				22		156674		33.09

		20		190979		34.55				20		190427		34.55

		18		234065		36				18		232829		36

		16		277708		37.34				16		275628		37.34

		14		335063		38.72				14		331300		38.73

		12		404854		40.21				12		399357		40.21

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		31.58		131734		0				31.58		131734		0

		33.07		158499		1.29				33.07		158499		1.36

		34.53		193919		1.76				34.53		193919		2.04

		35.98		238613		2.15				35.98		238613		2.67

		37.32		284361		2.57				37.32		284361		3.3

		38.7		344399		2.95				38.7		344399		4.15

		40.2		417876		3.23				40.2		417876		4.54





Container QCIF

		



New3

New2

Old

bit/s

PSNR

Container QCIF Intra 10Hz



News QCIF

		



New3

New2

PSNR

% bit rate gain

Container QCIF Intra 10Hz



Foreman QCIF

		Old		news		qcif		intra 10Hz

		QP		bps		PSNR

		24		157093		31.65

		22		187512		33.26

		20		222345		34.82

		18		267627		36.38

		16		313160		37.93

		14		372652		39.45

		12		442415		40.96

		New2		news		qcif				New3		news		qcif

		QP		bps		PSNR				QP		bps		PSNR

		24		157093		31.65				24		157093		31.65

		22		185927		33.3				22		185480		33.3

		20		219530		34.84				20		218611		34.84

		18		262607		36.4				18		261034		36.4

		16		306132		37.95				16		303438		37.96

		14		362265		39.48				14		358027		39.48

		12		428184		41				12		421896		41

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		31.65		157093		0				31.65		157093		0

		33.26		187512		1.22				33.26		187512		1.45

		34.82		222345		1.46				34.82		222345		1.87

		36.38		267627		2.08				36.38		267627		2.67

		37.93		313160		2.42				37.93		313160		3.36

		39.45		372652		3.08				39.45		372652		4.21

		40.96		442415		3.61				40.96		442415		5.02
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Paris CIF

		Old		foreman		qcif		intra 10Hz

		QP		bps		PSNR

		24		115336		31.36

		22		148839		32.76

		20		185117		34.15

		18		231355		35.55

		16		283062		36.98

		14		347292		38.45

		12		424188		39.94

		New2		foreman		qcif				New3		foreman		qcif

		QP		bps		PSNR				QP		bps		PSNR

		24		115336		31.36				24		115336		31.36

		22		148766		32.77				22		148809		32.77

		20		184481		34.17				20		184424		34.17

		18		229363		35.57				18		229142		35.58

		16		279296		37.01				16		278662		37.01

		14		340878		38.48				14		339392		38.48

		12		413740		39.96				12		410954		39.96

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		31.36		115336		0				31.36		115336		0

		32.76		148839		0.21				32.76		148839		0.18

		34.15		185117		0.62				34.15		185117		0.65

		35.55		231355		1.14				35.55		231355		1.37

		36.98		283062		1.7				36.98		283062		1.92

		38.45		347292		2.21				38.45		347292		2.63

		39.94		424188		2.7				39.94		424188		3.35
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Tempete CIF

		Old		silent		qcif		intra 10Hz

		QP		bps		PSNR

		24		183043		31.17

		22		239082		32.41

		20		298891		33.72

		18		373810		35.06

		16		461193		36.5

		14		572724		37.98

		12		705996		39.55

		New2		silent		qcif				New3		silent		qcif

		QP		bps		PSNR				QP		bps		PSNR

		24		183043		31.17				24		183043		31.17

		22		239822		32.44				22		239980		32.43

		20		299535		33.75				20		299708		33.75

		18		372385		35.09				18		372328		35.09

		16		456082		36.52				16		455582		36.52

		14		564011		38.02				14		562725		38.02

		12		692180		39.59				12		689132		39.59

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		31.17		183043		0				31.17		183043		0

		32.41		239082		0.25				32.41		239082		0

		33.72		298891		0.24				33.72		298891		0.18

		35.06		373810		0.82				35.06		373810		0.83

		36.5		461193		1.36				36.5		461193		1.47

		37.98		572724		2.02				37.98		572724		2.24

		39.55		705996		2.42				39.55		705996		2.84
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		Old		paris		cif		intra 15Hz

		QP		bps		PSNR

		24		1176171		30.62

		22		1423140		32.21

		20		1701536		33.78

		18		2052563		35.31

		16		2425421		36.86

		14		2886068		38.43

		12		3419820		39.99

		New2		paris		cif				New3		paris		cif

		QP		bps		PSNR				QP		bps		PSNR

		24		1176171		30.62				24		1176171		30.62

		22		1407894		32.22				22		1406051		32.23

		20		1675897		33.79				20		1671087		33.8

		18		2014647		35.34				18		2003086		35.34

		16		2369013		36.88				16		2348982		36.88

		14		2809908		38.46				14		2779109		38.46

		12		3317390		40.02				12		3270943		40.02

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		30.62		1176171		0				30.62		1176171		0

		32.21		1423140		1.17				32.21		1423140		1.4

		33.78		1701536		1.61				33.78		1701536		1.99

		35.31		2052563		2.17				35.31		2052563		2.73

		36.86		2425421		2.52				36.86		2425421		3.34

		38.43		2886068		2.93				38.43		2886068		3.99

		39.99		3419820		3.28				39.99		3419820		4.63
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		Old		mobile		cif		intra 30Hz

		QP		bps		PSNR

		24		4203560		28.49

		22		5011133		30.19

		20		6017423		31.94

		18		7286998		33.68

		16		8523343		35.46

		14		10072113		37.25

		12		11820625		39.06

		New2		mobile		cif				New3		mobile		cif

		QP		bps		PSNR				QP		bps		PSNR

		24		4203560		28.49				24		4203560		28.49

		22		4935523		30.22				22		4924923		30.22

		20		5894640		31.97				20		5867023		31.97

		18		7106992		33.72				18		7053513		33.72

		16		8270378		35.49				16		8180521		35.49

		14		9735394		37.28				14		9595225		37.28

		12		11382984		39.09				12		11179389		39.09

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		28.49		4203560		0				28.49		4203560		0

		30.19		5011133		1.76				30.19		5011133		1.97

		31.94		6017423		2.31				31.94		6017423		2.77

		33.68		7286998		2.85				33.68		7286998		3.58

		35.46		8523343		3.2				35.46		8523343		4.25

		37.25		10072113		3.59				37.25		10072113		4.97

		39.06		11820625		3.93				39.06		11820625		5.65
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		Old		tempete		cif		intra 30Hz

		QP		bps		PSNR

		24		2351094		29.88

		22		2933506		31.41

		20		3614121		33.01

		18		4458339		34.61

		16		5332193		36.24

		14		6406534		37.92

		12		7650124		39.63

		New2		tempete		cif				New3		tempete		cif

		QP		bps		PSNR				QP		bps		PSNR

		24		2351094		29.88				24		2351094		29.88

		22		2915685		31.43				22		2916267		31.43

		20		3572915		33.04				20		3569790		33.04

		18		4383868		34.64				18		4372844		34.64

		16		5214222		36.27				16		5188048		36.27

		14		6232315		37.95				14		6181394		37.96

		12		7406763		39.66				12		7318971		39.67

		OldPSNR		Oldbps		BitSavings				OldPSNR		Oldbps		BitSavings

		29.88		2351094		0				29.88		2351094		0

		31.41		2933506		0.86				31.41		2933506		0.84

		33.01		3614121		1.48				33.01		3614121		1.56

		34.61		4458339		2.01				34.61		4458339		2.26

		36.24		5332193		2.5				36.24		5332193		2.98

		37.92		6406534		3				37.92		6406534		3.88

		39.63		7650124		3.45				39.63		7650124		4.68
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Container QCIF

		old.exe		c:\seqs\h26l\container_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		6119		28.2		5342

		24		10354		31.09		9199

		20		17802		33.95		15039

		16		34146		36.68		26063

		new.exe		c:\seqs\h26l\container_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		6141		28.2		5557

		24		10325		31.09		8904

		20		17668		33.95		13701

		16		33791		36.68		22515

		QP		bps		bps		%gain

		28		6119		6141		-0.35

		24		10354		10325		0.28

		20		17802		17668		0.75

		16		34146		33791		1.04

		QP		CBP_P		CBP_P		%gain

		28		5342		5557		-4.02

		24		9199		8904		3.21

		20		15039		13701		8.9

		16		26063		22515		13.61
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News QCIF

		old.exe		c:\seqs\h26l\foreman_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		23731		28.8		20541

		24		37080		31.55		27626

		20		59581		34.17		37377

		16		97592		36.89		49258

		new.exe		c:\seqs\h26l\foreman_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		23920		28.8		22423

		24		37167		31.55		28496

		20		59426		34.17		35829

		16		97126		36.89		44601

		QP		bps		bps		%gain

		28		23731		23920		-0.79

		24		37080		37167		-0.23

		20		59581		59426		0.26

		16		97592		97126		0.48

		QP		CBP_P		CBP_P		%gain

		28		20541		22423		-9.16

		24		27626		28496		-3.15

		20		37377		35829		4.14

		16		49258		44601		9.45
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Paris CIF

		old.exe		c:\seqs\h26l\news_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		13245		28.42		9926

		24		21923		31.4		14659

		20		36034		34.47		20688

		16		57732		37.56		26891

		new.exe		c:\seqs\h26l\news_qcif.yuv		1frames		10Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		13196		28.42		9439

		24		21811		31.4		13548

		20		35823		34.47		18584

		16		57429		37.56		23864

		QP		bps		bps		%gain

		28		13245		13196		0.37

		24		21923		21811		0.51

		20		36034		35823		0.58

		16		57732		57429		0.52

		QP		CBP_P		CBP_P		%gain

		28		9926		9439		4.91

		24		14659		13548		7.58

		20		20688		18584		10.17

		16		26891		23864		11.26
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Tempete CIF

		old.exe		c:\seqs\h26l\silent_qcif.yuv		1frames		15Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		15409		28.4		15213

		24		26810		31.05		23349

		20		45463		33.64		32093

		16		75165		36.43		42209

		new.exe		c:\seqs\h26l\silent_qcif.yuv		1frames		15Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		15309		28.4		14213

		24		26595		31.05		21203

		20		45110		33.64		28566

		16		74642		36.43		36983

		QP		bps		bps		%gain

		28		15409		15309		0.65

		24		26810		26595		0.8

		20		45463		45110		0.78

		16		75165		74642		0.7

		QP		CBP_P		CBP_P		%gain

		28		15213		14213		6.57

		24		23349		21203		9.19

		20		32093		28566		10.99

		16		42209		36983		12.38





Tempete CIF

		



New2

PSNR

% bit rate gain

Silent QCIF 10Hz



		



New2

PSNR

% CBP bits gain

Silent QCIF 10Hz



		old.exe		c:\seqs\h26l\paris_cif.yuv		1frames		15Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		80597		27.25		65286

		24		141948		30.29		95625

		20		246782		33.32		132199

		16		411199		36.4		172716

		new.exe		c:\seqs\h26l\paris_cif.yuv		1frames		15Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		80290		27.25		62216

		24		141051		30.29		86658

		20		245235		33.32		116724

		16		409005		36.4		150781

		QP		bps		bps		%gain

		28		80597		80290		0.38

		24		141948		141051		0.63

		20		246782		245235		0.63

		16		411199		409005		0.53

		QP		CBP_P		CBP_P		%gain

		28		65286		62216		4.7

		24		95625		86658		9.38

		20		132199		116724		11.71

		16		172716		150781		12.7
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% CBP bits gain

Paris CIF 15Hz



		old.exe		c:\seqs\h26l\mobile_cif.yuv		1frames		30Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		372404		25.45		414366

		24		675533		28.41		614513

		20		1310146		31.56		811904

		16		2352643		34.88		888914

		new.exe		c:\seqs\h26l\mobile_cif.yuv		1frames		30Hz		endframe:299

		QP		bps		PSNR		CBP_P

		28		373865		25.45		428969

		24		671901		28.41		578199

		20		1301707		31.56		727517

		16		2342160		34.88		784085

		QP		bps		bps		%gain

		28		372404		373865		-0.39

		24		675533		671901		0.54

		20		1310146		1301707		0.64

		16		2352643		2342160		0.45

		QP		CBP_P		CBP_P		%gain

		28		414366		428969		-3.52

		24		614513		578199		5.91

		20		811904		727517		10.39

		16		888914		784085		11.79
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Mobile CIF 30Hz



		



New2

PSNR

% CBP bits gain

Mobile CIF 30Hz



		old.exe		c:\seqs\h26l\tempete_cif.yuv		1frames		30Hz		endframe:259

		QP		bps		PSNR		CBP_P

		28		265236		27.05		245338

		24		490081		29.8		380227

		20		964528		32.7		544833

		16		1812393		35.79		655661

		new.exe		c:\seqs\h26l\tempete_cif.yuv		1frames		30Hz		endframe:259

		QP		bps		PSNR		CBP_P

		28		265799		27.05		250218

		24		487588		29.8		358616

		20		957732		32.7		485933

		16		1802948		35.79		573803

		QP		bps		bps		%gain

		28		265236		265799		-0.21

		24		490081		487588		0.51

		20		964528		957732		0.7

		16		1812393		1802948		0.52

		QP		CBP_P		CBP_P		%gain

		28		245338		250218		-1.99

		24		380227		358616		5.68

		20		544833		485933		10.81

		16		655661		573803		12.48
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Tempete CIF 30Hz
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Tempete CIF 30Hz
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