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1. Introduction

The use of double / simple scan in the current JM is separated by the QP value in Intra frames. Depending on this QP value of 24 in Intra frames, transformed luminance coefficients are collected either according to the simple or double scan order. Though the separation of double and simple scan at the QP value of 24 seems to be effective in general, it eventually loses optimality due to abrupt change of statistical characteristics caused by transition from simple to double scan. This kind of property is not considered to be desirable for a standard video codec. We propose to adaptively use double / simple scan to show full performance at the vicinity of QP 24 by providing a method of adaptive decision of double / simple scan to encoder. Detailed description of the proposed method and syntax are shown in section 2, 3. Computer simulation results follow in section 4. 
2. Adaptive Use of Double Scan in Intra Frames

Current JM specifies that the double scan is used for Intra coding of luma with QP < 24. That is, luma coefficients with QP equal to or greater than 24 shall be coded using the simple scan table and QP value of less than 24 shall be coded using double scan. As it’s already pointed out that separation of simple / double scan at the QP 24 seems to work effectively. But since the statistical characteristics of video sequences differ from one another, a fixed threshold QP value of 24 is not always expected to be the optimal threshold of the decision between simple and double scan. Direct transition from simple to double scan at the fixed value of QP 24 eventually leads to abrupt change of VLC characteristics which also leads to some ‘performance loss at the vicinity of QP 24’.

This is due to fixing the threshold value to QP 24 for the decision between simple and double scan in handling video sequences with various statistical characteristics. We propose a method to adjust the threshold value of decision between simple and double scan. DELTAthr is proposed to follow every slice header to adjust the threshold value of simple and double scan, which is currently fixed as 24. According to the adjusted threshold values THRadjusted, luma coefficients in the slice are coded using simple or double scan. When QP value of a macroblock is QPmacroblock, then the luma coefficients in the macroblock are encoded using double scan if  

QPmacroblock < THRadjusted
Proposed syntax to generated THRadjusted are shown in the following section.

3. Proposed Syntax for Adjusting the Threshold

We propose that there should be provided a syntax by which a encoder can make optimal decision in choosing between simple and double scan. Since the given condition for the double scan, luma with QP < 24, shows fairly effective performance, a DELTAthr value is suggested to adjust the current fixed threshold value of 24. Each slice in the Intra frame is proposed to have THRadjusted to specify new threshold that separates simple / double scan. THRadjusted is calculated in the similar manner as in the case that QPmacroblokc  is adjusted by DQUANT which is known as ‘arithmetic wrap’.

THRadjusted = modulo32 (24 + DELTAthr + 32)

And the DELTAthr may range from –16 to 16 which enables THRadjusted to be changed to any value in the range 0-31. DELTAthr is encoded exactly in the same manner that DQUANT or MVD is encoded.

As is shown in Fig. 1, DELTAthr value is proposed to follow the slice header of Intra frames. It is implemented that DELTAthr  to follow the slice header in the currently uploaded software (JVT-B081.zip).

Fig. 1. Proposed syntax for DELTAthr
	SLICE HEADER
	DELTAthr
	MB_TYPE


4. Simulation Results

Totally 9 cases were tested including 7 sequences specified in the VCEG-N81. The common condition recommends computer simulation at QP values of (16, 20, 24, 28). However, because the focus of this contribution is to provide optimal use of simple and double scan at the vicinity of QP 24, QP value of 18, 22, 26, 28 were also tested.

Table 1. Simulation Sequences

	Sequnence
	Format
	Frame Rate

(fps)
	Frames

	Foreman

Container

News

Silent

Paris

Mobile

Tempete

Stephan

Weather
	QCIF

QCIF

QCIF

QCIF

CIF

CIF

CIF

QCIF

QCIF
	10

10

10

15

15

30

30

10

10
	100

100

100

150

150

250

240

100

100


Simulation results show that the proposed method shows up to 5 % of bit savings as shown in Table. 2. This is because that current JM reveals the ‘performance loss area’ at near the QP value of 24 which can be clearly identified in Fig. 2. BD-PSNR and BD-BRS are also shown in Table 2. As is already mentioned, the main interest of this contribution is to provide an optimal selection of double and simple scan near QP 24, bit rate saving at the QP value of 24 is also provided in the table. Software implementation using TML 9.4 is also uploaded (JVT-B081.zip). In the software simulation, the DELTAthr is allocated the same codeword and value as DQUANT and it is located right after the slice header. Excel files providing the whole results are also provided. (JVT-B081.xls)

Table 2. Performance Comparison with TML 9.4

	Sequence
	BD-SNR (dB)
	BD-BRS (%)
	Bit Saving at QP 24 (%)

	Container
	0.142
	-1.77
	3.73

	Foreman
	0.018
	-0.25
	0.52

	News
	0.184
	-1.83
	3.76

	Silent
	-0.002
	0.04
	-0.006

	Paris
	0.133
	-1.41
	2.81

	Tempete
	0.073
	-0.84
	1.54

	Mobile
	0.222
	-2.13
	4.14

	Stephan
	0.217
	-2.15
	3.79

	Weather
	0.317
	-2.64
	5.49


· ‘-‘ in the BD-BRS represents ‘bit rate gain’ and ‘+’ in the BD-SNR ‘SNR gain’
5. Conclusion

The separation of double and simple scan by a fixed QP value of 24 is not considered to be  desirable for a general purpose standard video codec. DELTAthr is proposed to adjust the current fixed threshold for the decision between simple and double scan. With the DELTAthr, optimal encoder can improve the Intra performance at the vicinity of QP 24. Simulation results show that there exists ‘performance loss area’ at the current JM and it is shown that it can be improved by providing DELTAthr.

[image: image1.wmf]Fig. 2. Bit rate savings depending on OP values
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Chart2

		16		16		16		16		16		16		16		-0.0155010076		-0.0103362259

		18		18		18		18		18		18		18		-0.0187832375		-0.0120387491

		20		20		20		20		20		20		20		-0.0206727925		-0.0118887705

		22		22		22		22		22		22		22		-0.0204632181		-0.0163187134

		24		24		24		24		24		24		24		3.7956675469		5.4922773438

		26		26		26		26		26		26		26		2.2547551955		3.6234765782

		28		28		28		28		28		28		28		0.8882922843		1.8469938236
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-0.0010139383

-0.0202644842

0.017228195

-0.0294403636

-0.0100321226

-0.0102576466

-0.0063783422

-0.0245100009

-0.024128506

0.0792496293

-0.0015265816

-0.0118005162

-0.0106401242

-0.0073058857

-0.0324063163

0.0403253233

0.0467971365

0.0685805423

-0.014858891

-0.0101525871

-0.0077336606

-0.0475110166

0.2307628258

-0.0343157246

0.53532896

-0.0184197822

0.0004355342

-0.007632409

3.7252643849

0.524071049

3.7698752901

-0.0059473069

2.8132262469

1.5489139419

4.1441151674

2.1631187396

0

2.0728818283

-0.0856327893

1.1856742887

0.4234073404

2.5432509591

0.5910382608

-0.1132058035

0.7061431838

-0.0956487531

0.3617192417

0.0024504699

0.9334477338



Container

		Containter		10 fps		100 Frames

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		292975		37.171								37.029		295876		295879		-0.0010139383

		18		246013		35.808								35.674		248878		248939		-0.0245100009

		20		200760		34.403								34.257		203664		203730		-0.0324063163

		22		166563		32.965								32.81		168382		168462		-0.0475110166

		24		141234		31.464								31.367		142406		137101		3.7252643849

		26		114853		30.228								30.143		116406		113888		2.1631187396

		28		90956		28.716								28.659		92549		92002		0.5910382608

		16		292838				37.167

		18		245990				35.805

		20		200698				34.399

		22		166571				32.962

		24		135608				31.489

		26		112223				30.255

		28		90070				28.722





Container

		0		0

		0		0

		0		0

		0		0



TML

PROPOSED

Bit Rate

SNR Y

CONTAINTER [RD-Optimized]
(QP 22 24 26 28)

0

0

0

0

0

0

0

0



Foreman

		Foreman		10 fps		100 Frames		QCIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		302361		36.854								36.715		305954		306016		-0.0202644842

		18		250270		35.442								35.306		252813		252874		-0.024128506

		20		203787		34.078								33.942		205826		205743		0.0403253233

		22		166542		32.697								32.561		168138		167750		0.2307628258

		24		133885		31.322								31.234		135287		134578		0.524071049

		26		107482		30.083								30.017		109144		109144		0

		28		84759		28.634								28.585		86568		86666		-0.1132058035

		16		302430				36.853

		18		250307				35.44

		20		203642				34.07

		22		165941				32.683

		24		133103				31.334

		26		107450				30.081

		28		84831				28.632





News

		Newsr		10 fps		100 Frames

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		326954		37.725								37.58		330853		330796		0.017228195

		18		280366		36.223								36.022		283913		283688		0.0792496293

		20		234110		34.652								34.488		237194		237083		0.0467971365

		22		198201		33.146								32.962		201074		201143		-0.0343157246

		24		172146		31.555								31.419		174966		168370		3.7698752901

		26		140990		30.065								29.931		143520		140545		2.0728818283

		28		111971		28.484								28.406		114566		113757		0.7061431838

		16		326567				37.721

		18		279992				36.224

		20		233854				34.643

		22		197749				33.136

		24		165305				31.588

		26		137982				30.089

		28		110854				28.503





Silent

		Silent		15 fps		150 Frames		QCIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		476054		36.424								36.257		482331		482473		-0.0294403636

		18		389423		35.016								34.847		393035		393041		-0.0015265816

		20		311465		33.73								33.561		313500		313285		0.0685805423

		22		252997		32.419								32.248		254423		253061		0.53532896

		24		199644		31.152								31.041		201772		201784		-0.0059473069

		26		158974		29.956								29.866		162321		162460		-0.0856327893

		28		125262		28.573								28.522		129641		129765		-0.0956487531

		16		476182				36.424

		18		389315				35.012

		20		310930				33.72

		22		250904				32.388

		24		199623				31.148

		26		159075				29.956

		28		125379				28.572





Paris

		Paris		15 fps		150 Frames		CIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		2502240		36.682								36.53		2521899		2522152		-0.0100321226

		18		2130224		35.151								34.999		2143974		2144227		-0.0118005162

		20		1771400		33.639								33.48		1783444		1783709		-0.014858891

		22		1492616		32.083								31.92		1503818		1504095		-0.0184197822

		24		1258899		30.526								30.42		1268508		1232822		2.8132262469

		26		1021449		29.059								28.978		1032577		1020334		1.1856742887

		28		811390		27.49								27.405		823014		820037		0.3617192417

		16		2502506				36.682

		18		2130483				35.151

		20		1771658				33.639

		22		1492871				32.083

		24		1221601				30.573

		26		1007282				29.084

		28		807661				27.501





Tempete

		Tempete		30 fps		240 Frames		CIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		5283780		36.078								35.874		5342356		5342904		-0.0102576466

		18		4426662		34.481								34.276		4473632		4474108		-0.0106401242

		20		3616036		32.951								32.748		3654241		3654612		-0.0101525871

		22		2956037		31.39								31.19		2984840		2984827		0.0004355342

		24		2398721		29.867								29.744		2419760		2382280		1.5489139419

		26		1888927		28.484								28.383		1915177		1907068		0.4234073404

		28		1437935		27.02								26.944		1469106		1469070		0.0024504699

		16		5284325				36.078

		18		4427108				34.481

		20		3616297				32.95

		22		2955344				31.387

		24		2355836				29.908

		26		1879409				28.498

		28		1438008				27.02





Mobile

		Mobile		30 fps		300 Frames		CIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		8464855		35.247								35.032		8544540		8545085		-0.0063783422

		18		7255733		33.506								33.288		7322863		7323398		-0.0073058857

		20		6020020		31.83								31.613		6077329		6077799		-0.0077336606

		22		5036742		30.12								29.907		5083585		5083973		-0.007632409

		24		4261335		28.446								28.314		4284268		4106723		4.1441151674

		26		3419309		26.909								26.8		3447438		3359761		2.5432509591

		28		2641602		25.293								25.206		2674815		2649847		0.9334477338

		16		8465392				35.247

		18		7256279				33.506

		20		6020431				31.829

		22		5036717				30.119

		24		4063617				28.504

		26		3316668				26.957

				2609290				25.324





Weather

		Weather		10 fps		100 Frames		QCIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		866515		35.828								35.627		870724		870814		-0.0103362259

		18		760394		34.102								33.864		764199		764291		-0.0120387491

		20		644525		32.366								32.181		647670		647747		-0.0118887705

		22		555574		30.632								30.421		557642		557733		-0.0163187134

		24		488458		28.941								28.853		491217		464238		5.4922773438

		26		409833		27.322								27.243		412394		397451		3.6234765782

		28		335910		25.57								25.455		337738		331500		1.8469938236

		16		866598				35.828

		18		760475				34.102

		20		644612				32.366

		22		555670				30.632

		24		461684				29.018

		26		395720				27.369

		28		329510				25.643
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Stephan

		Stephan		10 fps		100 Frames		QCIF

				RD-Optimized										NO RD Optimization

				BitRate		SNR								SNR		BitRate

		QP				TML		Proposed						Both		TML		Proposed		Rate Diff %

		16		593894		35.794								35.556		599961		600054		-0.0155010076

		18		505506		33.999								33.76		511094		511190		-0.0187832375

		20		415328		32.268								32.037		420843		420930		-0.0206727925

		22		341690		30.496								30.274		346964		347035		-0.0204632181

		24		284706		28.783								28.656		288197		277258		3.7956675469

		26		222970		27.202								27.096		227120		221999		2.2547551955

		28		167166		25.552								25.478		171340		169818		0.8882922843

		16		593982				35.794

		18		505582				34

		20		415409				32.266

		22		341655				30.493

		24		271606				28.841

		26		216273				27.251

		28		164650				25.583





Total

		

		QP		Container		Foreman		News		Silent		Paris		Tempete		Mobile		Stephan		Weather

		16		-0.0010139383		-0.0202644842		0.017228195		-0.0294403636		-0.0100321226		-0.0102576466		-0.0063783422		-0.0155010076		-0.0103362259

		18		-0.0245100009		-0.024128506		0.0792496293		-0.0015265816		-0.0118005162		-0.0106401242		-0.0073058857		-0.0187832375		-0.0120387491

		20		-0.0324063163		0.0403253233		0.0467971365		0.0685805423		-0.014858891		-0.0101525871		-0.0077336606		-0.0206727925		-0.0118887705

		22		-0.0475110166		0.2307628258		-0.0343157246		0.53532896		-0.0184197822		0.0004355342		-0.007632409		-0.0204632181		-0.0163187134

		24		3.7252643849		0.524071049		3.7698752901		-0.0059473069		2.8132262469		1.5489139419		4.1441151674		3.7956675469		5.4922773438

		26		2.1631187396		0		2.0728818283		-0.0856327893		1.1856742887		0.4234073404		2.5432509591		2.2547551955		3.6234765782

		28		0.5910382608		-0.1132058035		0.7061431838		-0.0956487531		0.3617192417		0.0024504699		0.9334477338		0.8882922843		1.8469938236





Total

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0

												0
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Bit Rate Saving [%]

Bit Rate Saving [%]

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0




