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1. Introduction

In this document is proposed a very simple idea to improve the double scan which is used for intra macroblocks with QP value of less than 24[1]. The concept behind this proposal is that the ‘runs’ can be made shorter depending on the divided region of double scanned blocks.

The proposed algorithm does not require any additional calculation of parameters resulting in almost ‘no’ extra computational load. 

2. Adaptive Double Scan

Current double scan defined in TML is shown 5.91 as in Fig. 1 (a). The adaptive double scan proposes one more double scan map shown in Fig. 1 (b)
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                                                   (a)                                                   (b)

Fig. 1 Double scan map of TML 6 and proposed algorithm

(a) Double scan map defined in TML 5.91 (D1)

(b) Proposed additional double scan map for adaptive double scan (D2)

The proposed double scan map is transposed version of the one defined in TML 6. And the proposed algorithm is to use the D1 and D2 alternatively depending on the prediction mode. The alternating logic is defined in Table 1. By alternating the double scan map, the distribution of quantized transform coefficients are concentrated in the way that the collected run-lengths between successive coefficients can be reduced.

Table 1. Algorithm for alternating the double scan map

Prediction Mode
Scan Map

Mode 0 (DC Prediction)
D1

Mode 1 
D1

Mode 2 (Vertical Prediction) 
D2

Mode 3 (Diagonal Prediction) 
D2

Mode 4 (Horizontal Prediction)
D1

Mode 5
D1

This can be achieved without any additional calculation of parameters but with only one comparison or  table indexing opreation using prediction mode. 

3. Simulation Results

TML Simulation results are shown in Fig.2~4. Fig. 2 shows the number of saved bits by adopting the proposed algorithm and Fig. 3 the percentage of saved bits relative to TML 5.91. These results show that we can achieve about 0.2 ~ 1.3 % of bit saving which results in about 50 ~ 400 bits. Foreman, Akiyo, Paris, Hall_Monitor and Mother_and_Daughter were used as test sequences and rate-distortion optimization routine was omitted to compare two algorithms at the same PSNR.

4. Complexity and Storage analysis

· Additional Complexity due to Adaptive Double Scan

In the point of view of complexity both for decoder and encoder, it is unlikely to be necessary to explain in detail that ‘negligible’ additional complexity is required to adopt the adaptive double scan algorithm. It can be implemented using one ‘if’ and ‘branch’ operation pair or one table indexing operation for each double scanned block. 

· Additional Storage and Code size 

Assuming that two bytes are required to store the location in the scanning map, totally 32 bytes of running memory is required to describe the proposed double scan map (D2). And several more instructions are required to perform the adaptive double scan which results into several tens of bytes of extra code when 32 bit instruction is assumed as in the case of ARM 7 series.

5. Summary

The simulation results of adaptive double scan reveal that the statistics of current VLC table for 2-D run-length coding of quantized coefficients on double scanned blocks does not match well when the prediction mode contains strong vertical factors. The proposed adaptive double scan algorthm improves this mismatch.

[1] Gisle Bjontegaard, “H.26L Test Model Long Term Number 6 (TML-6) draft 0,” VCEG-L-45d0, Eibsee, Germany, Jan. 2001.
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Fig 2. Bit saving of adaptive double scan
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Fig. 3. Percentage of bit saving relative to average bits / frame
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Fig. 4. Percentage of bit saving relative to average Coeff. Y / frame 
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		20		0.481405068		1.7256255393		0.8235875474		0.9006579657		0.7191637631

		23		0.4677754678		1.8269230769		0.9101985236		0.9058532053		0.8778612109
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Paris

		

		TML RD				AD RD				QP		TML		AD		DIFF		PERCENT		PSNR

		147439		46.48						4		151160		150962		198		0.1309870336		46.92

		110363		42.88						8		114199		113955		244		0.2136621161		43.35

		80470		39.3						12		84351		84093		258		0.3058647793		39.82

		51797		35.11						17		55723		55436		287		0.5150476464		35.7

		40187		32.71						20		43742		43484		258		0.5898221389		33.32

		30324		30.27						23		33760		33518		242		0.7168246445		30.85

		147256				46.48

		110131				42.88

		80259				39.32

		51610				35.12

		39989				32.72

		30179				30.28





Mad

		

		TML RD				AD RD				QP		TML		AD		DIFF		PERCENT		PSNR

		87970		46.94						4		91572		91300		272		0.2970340279		47.34

		62730		43.69						8		66211		65916		295		0.4455453021		44.13

		43508		40.36						12		47049		46755		294		0.6248804438		40.89

		25720		36.34						17		29124		28919		205		0.7038868287		36.99

		18597		34.19						20		21355		21188		167		0.7820182627		34.8

		13250		32.16						23		15193		15076		117		0.7700914895		32.71

		87686				46.94

		62458				43.69

		43284				40.37

		25530				36.35

		18471				34.2

		13193				32.17





Hall

		

		TML RD				AD RD				QP		TML		AD		DIFF		PERCENT		PSNR

		74961		46.78						4		79388		79210		178		0.2242152466		47.19

		52266		43.84						8		55271		55062		209		0.3781368168		44.23

		36699		41.06						12		38952		38739		213		0.5468268638		41.49

		23609		37.55						17		25501		25306		195		0.7646758951		38.15

		18086		35.32						20		20013		19863		150		0.7495128167		35.95

		13692		32.91						23		15390		15263		127		0.8252111761		33.59

		74762				46.78

		52081				43.85

		36533				41.07

		23518				37.58

		18009				35.34

		13619				32.94





Akiyo

		

		TML RD				AD RD				QP		TML		AD		DIFF		PERCENT		PSNR

		60529		47.83						4		63955		63572		383		0.5988585724		48.23

		44046		44.81						8		46680		46282		398		0.852613539		45.25

		31890		42.05						12		33872		33484		388		1.1454888994		42.52

		20819		38.47						17		22283		21997		286		1.2834896558		39.01

		16071		36.41						20		17389		17169		220		1.2651676347		36.88

		12305		34.13						23		13348		13177		171		1.2810908001		34.67

		60194				47.85

		43725				44.81

		31571				42.07

		20578				38.48

		15919				36.43

		12242				34.16





Foreman

		

		TML RD				AD RD				QP		TML		AD		DIFF		PERCENT		PSNR

		87483		46.63						4		92081		91971		110		0.1194600406		47.09

		61814		43.19						8		66350		66216		134		0.2019593067		43.68

		42418		39.94						12		46429		46282		147		0.316612462		40.45

		25326		36.21						17		28626		28506		120		0.4191993293		36.84

		18511		34.15						20		21203		21112		91		0.4291845494		34.77

		13366		32.14						23		15333		15270		63		0.4108784974		32.74

		87368				46.63

		61693				43.2

		42305				39.94

		25236				36.22

		18459				34.15

		13336				32.14





TOTAL

		BIT SAVING

		QP		FOREMAN		AKIYO		HALL		MAD		PARIS

		4		110		383		178		272		198

		8		134		398		209		295		244

		12		147		388		213		294		258

		17		120		286		195		205		287

		20		91		220		150		167		258

		23		63		171		127		117		242

				FOREMAN								AKIYO								HALL								MAD								PARIS

				TML		TC ONLY		AD				TML				AD				TML				AD				TML				AD				TML				AD

				92081		78257		91971				63955		47659		63572				79388		65224		79210				91572		72516		91300				151160		112703		150962

				66350		57757		66216				46680		34981		46282				55271		47013		55062				66211		54508		65916				114199		87451		113955

				46429		41137		46282				33872		25480		33484				38952		34329		38739				47049		40007		46755				84351		66531		84093

				28626		25738		28506				22283		16806		21997				25501		23160		25306				29124		25494		28919				55723		45742		55436

				21203		18903		21112				17389		12749		17169				20013		18213		19863				21355		18542		21188				43742		35875		43484

				15333		13468		15270				13348		9360		13177				15390		13953		15263				15193		12916		15076				33760		27567		33518

		PERCENTAGE

		QP		FOREMAN		AKIYO		HALL		MAD		PARIS

		4		0.1194600406		0.5988585724		0.2242152466		0.2970340279		0.1309870336

		8		0.2019593067		0.852613539		0.3781368168		0.4455453021		0.2136621161

		12		0.316612462		1.1454888994		0.5468268638		0.6248804438		0.3058647793

		17		0.4191993293		1.2834896558		0.7646758951		0.7038868287		0.5150476464

		20		0.4291845494		1.2651676347		0.7495128167		0.7820182627		0.5898221389

		23		0.4108784974		1.2810908001		0.8252111761		0.7700914895		0.7168246445

		PERCENT (TC)

		QP		FOREMAN		AKIYO		HALL		MAD		PARIS

		4		0.1405625056		0.803625758		0.2729056789		0.3750896354		0.1756829898

		8		0.23200651		1.1377604986		0.4445578882		0.5412049607		0.2790133904

		12		0.3573425383		1.5227629513		0.6204666608		0.7348713975		0.3877891509

		17		0.4662366928		1.7017731762		0.8419689119		0.8041107712		0.6274321193

		20		0.481405068		1.7256255393		0.8235875474		0.9006579657		0.7191637631

		23		0.4677754678		1.8269230769		0.9101985236		0.9058532053		0.8778612109
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