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1 Summary

The purpose of this proposal is to present an adaptive macroblock scanning method to improve the coding efficiency of Intra Prediction.  We discovered that when the foreman sequence is inverted from left to right, the coding efficiency of Intra Prediction drops by close to 10%.  This shows that the current 9 modes of Intra Prediction may not be efficient for some sequences like the inverted foreman sequences.  Therefore, we propose an adaptive macroblock scanning method where the macroblock can also be scanned from right to left depending on the properties of the picture to improve the coding efficiency of the current Intra Prediction modes.

2 Introduction

It is well known that the transfer sequence of the Macroblocks of a picture is always from left to right, and from top to bottom. Because of this reason, the intra prediction methods, such as the Intra4x4 and Intra16x16 prediction, are often based on the left and above available Macroblocks. 

Therefore, the current intra prediction methods describe the vertical, horizontal and diagonal directions well, however, they are not suitable for predicting the anti-diagonal direction, the reason is that according to the transfer sequence of MB or block, the right MB always presents after decoding the current MB or block. This non-symmetric prediction makes the existing intra frame coding methods effective for some kinds of pictures, while they may not effective for other kinds of images. This is because different pictures have different properties, such as the orientation of edges, etc. To improve this shortcoming, for example, in the current JVT (MPEG-4 Part 10) model, the original 6-mode intra prediction was replaced by a more complex 9-mode intra prediction, which tried to predict in the anti-diagonal direction.  However, the improvement of the 9-mode intra prediction is limited because of lacking of information.

We performed two simple experiments on the “foreman” sequence using the JM40d software. The first one encodes the original foreman sequence (see Fig. 1), while the second encodes the reversed foreman sequence, which is scanned in the reverse direction (from right to left) (see Fig. 2).
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Figure 1

The first picture of “foreman” sequence (CIF)
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Figure 2

The reversed foreman pictures, scanned from right to left.

Figure 3 shows the comparative results of these two experiments. It can be seen that even using the 9-model Intra4x4 prediction, the difference between two scanning directions is quite large (about 10% in bitrate when SNRY is 34).
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Figure 3

Comparison between the two sequences using the current 9-model intra prediction.

From Fig. 3, it can be seen that the current JM becomes worse when we inverse the pictures of the foreman sequence, thus the intra prediction in the current JM is not symmetric. This experiment indicates that the current JM may not be efficient to some image sequences

3 Adaptive Macroblock Scanning

In this proposal, we proposed an adaptive macroblock scanning (AMBS) method, which allows the transfer sequence of the macroblock adaptively changed, i.e. for a certain group of macroblocks (GMB), they can be either transferred from left to right, or from right to left, and based on this transfer sequence, the scanning within the macroblocks as well as the prediction of the luminance and chrominance pixel values can be based on the left/above pixels or based on the right/above pixels. The encoder will decide which transfer sequence is better (from left to right, or from right to left) by RD. In this way, although the prediction is not symmetric, it can be adaptively chosen according to the characteristics of the encoding pictures.
We propose to apply this AMBS (adaptive macroblock scanning) method in intra coding. Moreover, we will study the used of AMBS in coding all the pictures (inter pictures).
The proposed AMBS consists of the following concepts and operations:

A picture/frame is constructed by a number of slices.

A slice consists of a number of Groups of MBs (GMBs).

The MBs of a Group of MB (GMB) are always in the same slice.

The size of GMB can be fixed-size or flexible-size. In this proposal we used the AMBS of fixed-size GMB.
Other restrictions of the AMBS include (note the term “first MB” and “last MB” in this proposal is based on the normal scanning direction):

The last MB of a slice should be the last MB of a GMB, 
The first MB of a slice should be the first MB of a slice. 
The first MB and the last MB of a line are always the first MB the last MB of GMBs respectively.
If a GMB is inversely scanned, i.e. scanned from its last MB to the first MB, the last MB is always predicted using DC or vertical prediction depending on the availability of the MBs.
The proposed method can be conveniently implemented, which does not affect the existing intra prediction modules by properly arranging the memory/buffer.
4 Syntax Changes

Picture parameter set RBSP syntax

	pic_parameter_set_rbsp( ) {
	Category
	Descriptor

	
pic_parameter_set_id
	1
	ue(v)

	
seq_parameter_set_id
	1
	ue(v)

	
entropy_coding_mode
	1
	ue(v)

	
motion_resolution
	1
	ue(v)

	
adaptive_block_size_transform_flag
	1
	u(1)

	
adaptive_macroblock_scanning_flag
	1
	u(1)

	
if(adaptive_macroblock_scanning_flag) 
	
	

	

group_of_macroblock_size
	1
	ue(v)

	
num_slice_groups_minus1
	1
	ue(v)

	
if( num_slice_groups_minus1 > 0 ) {
	
	

	

mb_allocation_map_type
	1
	ue(v)

	

if( mb_allocation_map_type  = =  0 ) 
	
	

	


for( i = 0; i <= num_slice_groups_minus1; i++ )
	
	

	



run_length
	1
	ue(v)

	

else if( mb_allocation_map_type  = =  2 ) 
	
	

	


for( i = 0; i < num_mbs_in_pic; i++ )
	
	

	



slice_group_id [Ed. Note: how many bits ?]
	1
	u(v)

	

else if( mb_allocation_map_type  = =  3 )
	
	

	


for( i = 0; i < num_slice_groups_minus1; i++ ) {
	
	

	



top_left_mb
	1
	u(v)

	



bottom_right_mb
	1
	u(v)

	


}
	
	

	

else if(  mb_allocation_map_type  = =  4  | |  





mb_allocation_map_type  = =  5  | |  





mb_allocation_map_type  = =  6) {
	
	

	


slice_group_change_direction
	1
	u(1)

	


slice_group_change_rate_minus1
	1
	ue(v)

	

}
	
	

	
}
	
	

	
num_ref_idx_l0_active_minus1
	1
	ue(v)

	
num_ref_idx_l1_active_minus1
	1
	ue(v)

	
weighted_pred_flag
	1
	u(1)

	
weighted_bipred_explicit_flag
	1
	u(1)

	
weighted_bipred_implicit_flag
	1
	u(1)

	
slice_qp_minus26  /* relative to 26 */
	1
	se(v)

	
slice_qp_s_minus26  /* relative to 26 */
	1
	se(v)

	
redundant_slice_flag
	1
	u(1)

	
vui_pic_parameters_flag
	1
	u(1)

	
if( vui_pic_parameters_flag ) {
	
	

	

vui_pic_parameters( )
	1
	

	
}
	
	

	
rbsp_trailing_bits( )
	1
	

	}
	
	


Semantics 

group_of_macroblock_size specifies the number of macroblocks in a group of macroblock.

Slice data syntax

	slice_data( ) {
	Category
	Descriptor

	
if( mb_frame_field_adapative_flag  &&


( pic_structure  = =  0  | |



pic_structure  = =  3  | |



pic_structure  = =  4 ) ) {
	
	

	

MbPairY = first_mb_in_slice / (pic_width_in_mb_minus1 + 1)
	
	

	

MbPairX = first_mb_in_slice % (pic_width_in_mb_minus1+1)
	
	

	

MbNum = ( MbPairY << 1 ) * (pic_width_in_mb_minus1 + 1)







+ MbPairX
	
	

	
} else
	
	

	

MbNum = first_mb_in_slice
	
	

	
MoreDataFlag = 1
	
	

	
do {
	
	

	

if( slice_type( )  ! =  Intra  &&  slice_type( )  ! =  SIntra )
	
	

	


if( entropy_coding_mode  = =  0 ) {
	
	

	



mb_skip_run
	4
	ue(v)

	



MoreDataFlag = more_rbsp_data( )
	
	

	


} else {
	
	

	



mb_skip_flag
	4
	ae(v)

	



MoreDataFlag = !mb_skip_flag
	
	

	


}
	
	

	

if( MoreDataFlag ) {
	
	

	


if( mb_frame_field_adaptive_flag  && 




( pic_structure  = =  0  | |  




  pic_structure  = =  3  | |  pic_structure  = =  4 ) && 




( slice_type( )  ! =  BiPred ) ) {
	
	

	



if( MbNum % 2  = =  0 )
	
	

	




MbFieldDecodingFlag = 1
	
	

	



if( MbFieldDecodingFlag ) {
	
	

	




mb_field_decoding_flag
	4
	u(1) | ae(v)

	




MbFieldDecodingFlag = 0
	
	

	



} else
	
	

	




mb_field_decoding_flag = 0
	
	

	


}
	
	

	


if (adaptive_macroblock_scanning_flag &&





MbNum == first_mb_in_GMB)
	
	

	



scanning_direction_flag
	4
	u(1) 

	


if( adaptive_block_size_transform_flag  = =  0 )
	
	

	



macroblock_layer( )
	4 | 5 | 6
	

	


else 
	
	

	



macroblock_layer_abt( )
	4 | 5 | 6
	

	

if( entropy_coding_mode  = =  0 )
	
	

	


MoreDataFlag = more_rbsp_data( )
	
	

	

else {
	
	

	


if( MbNum < MaxMbAddress ) {
	
	

	



if( mb_frame_field_adaptive_flag &&





( pic_structure  = =  0  | |






pic_structure  = =  3  | |  pic_structure  = = 4 ) &&
	
	

	




MbNum % 2  ! = 0 )
	
	

	




MoreDataFlag = 1
	
	

	



else {
	
	

	




end_of_slice_flag
	4
	ae(v)

	




MoreDataFlag = !end_of_slice_flag
	
	

	


} else
	
	

	



MoreDataFlag = 0
	
	

	

}
	
	

	

MbNum++ [Ed. Note: is this correct with FMO ?]
	
	

	
} while( MoreDataFlag )
	
	

	}
	
	


Semantics

scanning_direction_flag
According to the adaptive MB scanning method, the scanning direction of a GMB can be adjusted, i.e. it can be scanned from left to right (the normal direction) or from right to left (the inverse direction).

The scanning direction of the pixels within the MB corresponds to the scanning direction of the GMB. If the scanning direction is normal direction, the prediction of each MB of the GMB is often based on its left and above previously decoded MBs. If the scanning direction is inverse direction, the prediction of each MB of the GMB is often based on its right and above preciously decoded MBs.
The scanning direction of each GMB is given by a codeword, scanning_direction_flag, before the first MB of each GMB.
5 Experimental Results
Experiments are carried out to evaluate the proposed method. In this experiment, for simplicity, the size of GMBs is set as a line. The results are presented in the following figures.  All the frames are coded as Intra frames.  C
AVLC is used as the entropy-coding scheme.

	Sequence Name
	DPSNR
	%Bitrate

	Inverted Foreman Sequence (CIF)
	0.346 dB
	-6.16%

	Inverted Foreman Sequence (QCIF)
	0.492 dB
	-7.26%

	Inverted Foreman Sequence (QCIF)

 (First 50 frames only)
	0.620 dB
	-9.13%

	Container (QCIF)
	0.138 dB
	-2.00%

	Mobile (CIF)
	0.022 dB
	-0.25%

	Silent (QCIF)
	0.211 dB
	-3.62%

	News (QCIF)
	0.095 dB
	-1.14%

	News (CIF)
	0.133 dB
	-1.76%
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Figure 4

Result of contrainer sequence A.
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Figure 5

Results of “news” (c, cif)
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Figure 6

Result of “news” (A)
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Figure 7

Results of inversed foreman (CIF)
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Figure 8

Results of inversed foreman (QCIF)

6 Conclusion 

This document describes an adaptive MB scanning method for intra coding. In the AMBS, the scanning direction of a group of MBs can be adaptively changed, and the scanning and prediction within the MBs are corresponded to the scanning direction of GMBs. The rate distortion is used to determine the scanning direction of the GMBs.

The advantages of the method include: i) by using the adaptive scanning method, bit rates for intra and inter frames are reduced; ii) all the existing intra prediction algorithms and modules (including spatial and spectrum prediction) are not changed, and to implement the AMBS one may need to use the image buffer and re-arrange the image data according to the scanning direction before input the data into the prediction module.

The method is implemented using JM40d, and experiments show that up to 6.16% bitrate saving can be achieved for the inversed foreman CIF sequence and up to 7.26% for the inversed foreman QCIF sequence.
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36.764

33.755

33.84

31.041

31.152

28.492

28.626



Inverted ForemanC

		143.8546666667		135.786

		226.7988888889		214.4035555556

		359.9508888889		343.4175555556

		557.0724444444		536.48



JM 40d

Adaptive Macroblock Scanning

bitrate

PSNR

Rate Distortion for Inverted Foreman CIF Sequence

29.774

29.882

32.079

32.174

34.535

34.588

37.226

37.263



Data

				JM 40d

				29.774		37.357		38.008		647346		143.8546666667		inverted foreman

				32.079		38.084		39.139		1020595		226.7988888889

				34.535		39.367		40.723		1619779		359.9508888889								37.357		38.084		39.367		40.444

				37.226		40.444		42.267		2506826		557.0724444444								38.008		39.139		40.723		42.267

																				647346		1020595		1619779		2506826

				28.838		36.496		35.785		154451		34.3224444444		Container A

				31.528		37.249		36.742		230086		51.1302222222

				34.283		38.806		38.725		346506		77.0013333333								37.276		38.065		39.359		40.452

				37.066		40.66		40.683		508682		113.0404444444								37.927		39.112		40.729		42.276

												0								611037		964816		1545379		2414160

				29.341		37.336		36.776		707634		157.252		Container C

				31.79		37.995		37.891		1081942		240.4315555556

				34.297		39.615		39.822		1698917		377.5371111111								29.774		32.079		34.535		37.226

				36.926		41.451		41.545		2606695		579.2655555556								143.8546666667		226.7988888889		359.9508888889		557.0724444444

												0								29.882		32.174		34.588		37.263

				28.247		36.583		36.183		146824		32.6275555556		Foreman A						135.786		214.4035555556		343.4175555556		536.48

				30.676		37.438		37.2		219790		48.8422222222								28.838		31.528		34.283		37.066

				33.393		38.63		39.007		337683		75.0406666667								36.496		37.249		38.806		40.66

				36.392		39.851		40.652		507602		112.8004444444								35.785		36.742		38.725		40.683

												0								154451		230086		346506		508682

				29.882		37.284		37.937		613677		136.3726666667		Foreman C						34.3224444444		51.1302222222		77.0013333333		113.0404444444

				32.172		38.054		39.087		966592		214.7982222222								28.848		31.556		34.307		37.065

				34.589		39.362		40.734		1546402		343.6448888889								36.46		37.234		38.85		40.734

				37.264		40.445		42.292		2413839		536.4086666667								35.774		36.711		38.709		40.757

												0								150947		225595		341467		502955

												0								33.5437777778		50.1322222222		75.8815555556		111.7677777778

				25.499		31.515		31.288		2311496		513.6657777778		Mobile

				28.496		32.871		32.644		3450083		766.6851111111								28.838		31.528		34.283		37.066

				31.835		34.945		34.68		5030699		1117.9331111111								34.3224444444		51.1302222222		77.0013333333		113.0404444444

				35.457		36.97		36.749		6931496		1540.3324444444								28.848		31.556		34.307		37.065

												0								33.5437777778		50.1322222222		75.8815555556		111.7677777778

												0

				28.647		35.137		35.873		183206		40.7124444444		NewsA						29.341		31.79		34.297		36.926

				31.464		36.312		36.867		266472		59.216								157.252		240.4315555556		377.5371111111		579.2655555556

				34.509		38.197		38.609		386517		85.8926666667								29.357		31.8		34.3		36.932

				37.653		40.154		40.016		543568		120.7928888889								155.526		238.6991111111		375.3706666667		575.0062222222

												0

				30.49		36.362		37.249		700358		155.6351111111		NewsC						25.499		28.496		31.835		35.457

				33.244		37.44		38.296		1005978		223.5506666667								513.6657777778		766.6851111111		1117.9331111111		1540.3324444444

				35.964		39.324		39.896		1461880		324.8622222222								25.508		28.501		31.839		35.463

				38.822		40.873		41.485		2102122		467.1382222222								511.9171111111		764.8182222222		1116.4462222222		1539.0891111111

												0

				27.533		33.591		33.956		1348558		299.6795555556		Paris						28.452		30.868		33.417		36.364

				30.375		34.963		35.207		2013746		447.4991111111								46.192		72.8551111111		115.8342222222		179.5417777778

				33.388		36.856		36.954		2991954		664.8786666667								28.487		30.912		33.503		36.363

				36.569		38.901		38.881		4257842		946.1871111111								44.6104444444		70.6804444444		113.1317777778		175.2511111111

												0

				28.452		34.3		36.521		207864		46.192		silent_qcif						28.647		31.464		34.509		37.653

				30.868		35.039		37.12		327848		72.8551111111								40.7124444444		59.216		85.8926666667		120.7928888889

				33.417		36.58		38.068		521254		115.8342222222								28.676		31.511		34.537		37.683

				36.364		38.45		39.238		807938		179.5417777778								40.004		58.7793333333		85.5733333333		119.85

												0

				26.896		33.307		34.984		1144454		254.3231111111		Tempete						30.49		33.244		35.964		38.822

				29.657		34.273		36.169		1800336		400.0746666667								155.6351111111		223.5506666667		324.8622222222		467.1382222222

				32.728		35.759		37.683		2761195		613.5988888889								30.55		33.272		35.989		38.832

				36.107		37.444		39.006		4011453		891.434								152.3935555556		220.1648888889		320.8635555556		463.2177777778

												0

				Adaptive Macroblock Scanning								0

												0

				29.882		37.276		37.927		611037		135.786		inverted foreman						29.882		135.786

				32.174		38.065		39.112		964816		214.4035555556								32.174		214.4035555556

				34.588		39.359		40.729		1545379		343.4175555556								34.588		343.4175555556

				37.263		40.452		42.276		2414160		536.48								37.263		536.48

												0

												0								29.774		143.8546666667

				28.848		36.46		35.774		150947		33.5437777778		ContainerA						32.079		226.7988888889

				31.556		37.234		36.711		225595		50.1322222222								34.535		359.9508888889

				34.307		38.85		38.709		341467		75.8815555556								37.226		557.0724444444

				37.065		40.734		40.757		502955		111.7677777778

												0

				29.357		37.388		36.703		699867		155.526		ContainerC

				31.8		37.992		37.831		1074146		238.6991111111

				34.3		39.632		39.805		1689168		375.3706666667

				36.932		41.456		41.555		2587528		575.0062222222

												0

				29.881		37.278		37.928		610381		135.6402222222		ForemanC

				32.172		38.065		39.106		964075		214.2388888889

				34.588		39.361		40.731		1544565		343.2366666667

				37.263		40.45		42.278		2413376		536.3057777778

												0

				28.272		36.534		36.186		146598		32.5773333333		ForemanA

				30.706		37.441		37.247		219371		48.7491111111

				33.387		38.62		39.028		337566		75.0146666667

				36.377		39.85		40.632		507405		112.7566666667

												0

				30.55		36.403		37.156		685771		152.3935555556		NewsC

				33.272		37.464		38.13		990742		220.1648888889

				35.989		39.314		39.845		1443886		320.8635555556

				38.832		40.864		41.487		2084480		463.2177777778

												0

				28.676		35.206		35.832		180018		40.004		NewsA

				31.511		36.2		36.859		264507		58.7793333333

				34.537		38.196		38.615		385080		85.5733333333

				37.683		40.141		39.967		539325		119.85

												0

				25.508		31.507		31.294		2303627		511.9171111111		Mobile

				28.501		32.865		32.644		3441682		764.8182222222

				31.839		34.942		34.683		5024008		1116.4462222222

				35.463		36.967		36.748		6925901		1539.0891111111

												0

				27.542		33.599		33.951		1338683		297.4851111111		Paris

				30.383		34.99		35.217		2005534		445.6742222222

				33.398		36.864		36.955		2986122		663.5826666667

				36.575		38.899		38.884		4246187		943.5971111111

												0

												0

				26.905		33.301		34.972		1137386		252.7524444444		Tempete

				29.669		34.274		36.177		1794726		398.828

				32.733		35.761		37.693		2754994		612.2208888889

				36.111		37.448		39.021		4006314		890.292

												0

				28.487		34.373		36.471		200747		44.6104444444		Silent_qcif

				30.912		35.093		37.024		318062		70.6804444444

				33.503		36.527		37.983		509093		113.1317777778

				36.363		38.419		39.208		788630		175.2511111111

				jm40d

												0		Inverted Foreman (qcif)

				36.709		40.24		41.207		786970		174.8822222222								36.709		33.755		31.041		28.492

				33.755		38.915		39.627		524942		116.6537777778								174.8822222222		116.6537777778		76.144		50.4884444444

				31.041		37.514		37.724		342648		76.144								36.764		33.84		31.152		28.626

				28.492		36.782		36.686		227198		50.4884444444								167.1195555556		110.5044444444		71.1055555556		46.8431111111

				adaptive macroblock scanning

				36.764		40.254		41.213		752038		167.1195555556		Inverted Foreman (qcif)

				33.84		38.913		39.664		497270		110.5044444444

				31.152		37.529		37.661		319975		71.1055555556

				28.626		36.672		36.616		210794		46.8431111111






