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1. Introduction

The spiral scan of macroblocks have been proposed and described by the authors in [2] and [3]. The spiral scan was proposed as a tool of:

· low complexity SNR scalability with fine granularity,

· coding of regions of interest.

In this document, the differences in a codec with spiral and raster scans of macroblocks are discussed.

2. Definition of the spiral scan 

The spiral order of macroblocks processing is defined by use of the following algorithm. In order to get reasonable flexibility short extension of slice header is proposed. This extension signals application of spiral scan and parameters of the scan (appendix A).

The input parameters are:
shape_direction (see. Appendix A)

shape_length (see Appendix A)

shape_width (see Appendix A)

shape_high (see Appendix A)

x – starting point horizontal

y – starting point vertical

The local variables are:

dirX, dirY, posX, posY, width, high, mb_coded, width_max, high_max

dirX =shape_direction;

dirY =!shape_direction;

width_max =shape_direction ? shape_length : 0; // may be overwritten by witdth_max(see Appendix A)

high_max = shape_direction ? 0 : shape_length; // may be overwritten by high_max(see Appendix A)

width
= shape_width;

high =shape_high;

mb_coded =0;

posX = x;

posY = y;

if(spiral)

while(mb_coded<slice_length)

{


if( (posX>=0 || posX<slice_width || posY>=0 || posY<slice_high) &&

     ( current_macroblock_have_not_been_processed ) )


{



process_mb();



mark_as_processed();

mb_coded++;


}


posX += dirX;


posY += dirY;


if(dirX==0)


{



if(++high==high_max)



{




high =0;




high_max++;




dirX = -dirY;




dirY = 0;



}


}


else


{



if(++width==width_max)



{




width =0;




width_max++;




dirY = dirX;




dirX = 0;



}


}

}

3. Differences between spiral and raster scans

3.1. Context

In AVC/H.264, for context adaptive coding as well as for intra prediction and motion vector prediction, the context is defined. For the spiral scan, a context depends on the direction of macroblock processing. Therefore for the spiral scan, four additional types of context have been defined (see Fig. 1).
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Fig. 1 Four types of context.
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Fig. 2 Four directions on the spiral.

3.2.  Intraframe prediction
For the intraframe coding with the spiral scan four types of predictions are defined. These types differ one from each other by direction of process.  

The local buffers, used by prediction function, are of the same size (357 bytes), but the usage of them differs for each prediction type.

3.3. Motion vector prediction

Four types of motion vector prediction are used, each with another context (see Fig. 1). Again the prediction type depends on macroblock processing direction.

3.4. Block coding order

The AVC/H.264 codec exploits the raster scan of macroblocks and a fixed order of block coding within a macroblock (see Fig. 3).
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Fig. 3. Blocks processing order in AVC/H.264 codec.

For the spiral scan, there are 4 orders of blocks corresponding to four directions of processing (see Fig. 4).
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Fig. 4. Blocks processing order for spiral scan.

3.5. CABAC coding

In AVC/H.264 context-based adaptive arithmetic coding (CABAC) codec the fixed context is used (see Fig. 5).
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Fig. 5. The context for CABAC in AVC/H.264.

For the spiral scan four types of context are used for four processing directions (see Fig. 6).
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Fig. 6. The context for CABAC in the case of the spiral scan of macroblocks.

4. Compression efficiency for spiral and raster scans

The results in [1] prove that application of the spiral scan implies approximately the same coding efficiency as application of the raster scan, both in non scalable AVC codecs (experiment 1A) and scalable SVM codec (experiment 1B). For all cases the bitrate differences do not exceed 0.5%.

5. Spiral scan with modified contexts and spiral scan obtained by FMO (Flexible Macroblock Order)

Compared are two versions of nonscalable AVC codec:

· the AVC codec with the spiral scan implemented using FMO, i.e. with constant contexts,

· the modified AVC codec with variable context as described in section 3.

The experiment shows that the encoder with spiral scan without context modification produces greater bitstream bitrate for the same PSNR in compare to the spiral scan with modified context. 

The results of the comparison are provided below. Bitrate overhead is calculated relative to the standard AVC codec with the raster scan. 0% overhead denotes the same compression efficiency as for the AVC codec with the raster scan.
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[image: image8.emf]Bitstream overhead in compare to raster scan
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[image: image9.emf]Bitstream overhead in compare to raster scan
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[image: image10.emf]Bitstream overhead in compare to raster scan
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[image: image11.emf]Bitstream overhead in compare to raster scan
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[image: image12.emf]Bitstream overhead in compare to raster scan
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[image: image13.emf]Bitstream overhead in compare to raster scan
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[image: image14.emf]Bitstream overhead in compare to raster scan
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[image: image15.emf]Bitstream overhead in compare to raster scan
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[image: image16.emf]Bitstream overhead in compare to raster scan
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[image: image17.emf]Bitstream overhead in compare to raster scan
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[image: image18.emf]Bitstream overhead in compare to raster scan
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Compression efficiency is quite similar for: 

· the standard AVC codec with the raster scan,

· the modified AVC codec with spiral scan with variable context.

For a codec with the spiral scan implemented using FMO compression efficiency is significantly lower, especially for low bitrates.

6. Complexity comparison
The estimated number of operations for the 4(4 prediction path for the AVC/H.264 decoding algorithm is shown in Table 1. In order to compare implementation complexity of the spiral and the raster scans, the respective numbers of operations have been estimated.

Table 1 provides the results for intraframe coding with 4(4 prediction only. 

Table 1. The comparison of estimated number of operations needed for go through the prediction 4(4 path for raster scan and spiral scan for intra prediction.

	oparation
	number of operations

	
	raster scan 

(for the 4(4 prediction path)
	spiral scan

(for the 4(4 prediction path)

	+, -, <<, >>, ++, --, !, &, |
	8230
	8240

	*, /, %
	2250
	2260

	comparison
	1700
	1750

	memory access
	11320
	11340


Table 2. The comparison of estimated number of operations needed for the 16(16 interframe prediction for the raster scan and the spiral scan (block match search with range of 64 pixels).

	oparation
	number of operations

	
	raster scan 
	spiral scan

	+, -, <<, >>, ++, --, !, &, |
	266000
	266300

	*, /, %
	2000
	2150

	comparison
	267500
	268000

	memory access
	266800
	267200


Table 1 and 2 prove that the order of macroblocks negligibly influences on number of operations for interframe prediction. 

The code length for full code implementation, in reference software SVM, is about 5% greater for the spiral scan as compared to the standard raster scan.
Usualy , the execution time differ by no more then 1.0%. 

7. Complexity comparison
The spiral scan is an efficient tool for SNR scalability and coding of regions of interest. The above comparison proves that application of spiral scan is related to similar compression efficiency and codec complexity as for the raster scan.
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Appendix A - Proposal for slice header syntax

	slice_header( ) {
	C
	Descriptor

	
first_mb_in_slice
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
spiral
	2
	u(1)

	
if( spiral ) {
	
	

	

slice_length
	2
	ue(v)

	

spiral_type
	2
	u(1)

	

if( spiral_type ) {
	
	

	


shape_width
	2
	ue(v)

	


shape_high
	2
	ue(v)

	


width_max
	2
	ue(v)

	


width_high
	2
	ue(v)

	

}
	
	

	

shape_override_flag
	2
	u(1)

	

if( shape_override_flag ) {
	
	

	


shape_direction
	2
	u(1)

	


shape_length
	2
	ue(v)

	

}
	
	

	
}
	
	

	
pic_parameter_set_id
	2
	ue(v)

	
frame_num
	2
	u(v)

	
if( !frame_mbs_only_flag ) {
	
	

	

field_pic_flag
	2
	u(1)

	

if( field_pic_flag )
	
	

	


bottom_field_flag
	2
	u(1)

	
}
	
	

	
if( nal_unit_type  = =  5 )
	
	

	

idr_pic_id
	2
	ue(v)

	
if( pic_order_cnt_type  = =  0 ) {
	
	

	

pic_order_cnt_lsb
	2
	u(v)

	

if( pic_order_present_flag &&  !field_pic_flag )
	
	

	


delta_pic_order_cnt_bottom
	2
	se(v)

	
}
	
	

	
if( pic_order_cnt_type = = 1 && !delta_pic_order_always_zero_flag ) {
	
	

	

delta_pic_order_cnt[ 0 ]
	2
	se(v)

	

if( pic_order_present_flag  &&  !field_pic_flag )
	
	

	


delta_pic_order_cnt[ 1 ]
	2
	se(v)

	
}
	
	

	
if( redundant_pic_cnt_present_flag )
	
	

	

redundant_pic_cnt
	2
	ue(v)

	
if( slice_type  = =  B )
	
	


	

direct_spatial_mv_pred_flag
	2
	u(1)

	
if( slice_type = = P | | slice_type = = SP | | slice_type = = B ) {
	
	

	

num_ref_idx_active_override_flag
	2
	u(1)

	

if( num_ref_idx_active_override_flag ) {
	
	

	


num_ref_idx_l0_active_minus1
	2
	ue(v)

	


if( slice_type  = =  B )
	
	

	



num_ref_idx_l1_active_minus1
	2
	ue(v)

	

}
	
	

	
}
	
	

	
ref_pic_list_reordering( )
	2
	

	
if( ( weighted_pred_flag  &&  ( slice_type = = P  | |  slice_type = = SP ) )  | |


( weighted_bipred_idc  = =  1  &&  slice_type  = =  B ) )
	
	

	

pred_weight_table( )
	2
	

	
if( nal_ref_idc != 0 )
	
	

	

dec_ref_pic_marking( )
	2
	

	
if( entropy_coding_mode_flag  &&  slice_type  !=  I  &&  slice_type  !=  SI )
	
	

	

cabac_init_idc
	2
	ue(v)

	
slice_qp_delta
	2
	se(v)

	
if( slice_type  = =  SP  | |  slice_type  = =  SI ) {
	
	

	

if( slice_type  = =  SP )
	
	

	


sp_for_switch_flag
	2
	u(1)

	

slice_qs_delta
	2
	se(v)

	
}
	
	

	
if( deblocking_filter_control_present_flag ) {
	
	

	

disable_deblocking_filter_idc
	2
	ue(v)

	

if( disable_deblocking_filter_idc  !=  1 ) {
	
	

	


slice_alpha_c0_offset_div2
	2
	se(v)

	


slice_beta_offset_div2
	2
	se(v)

	

}
	
	

	
}
	
	

	
if( num_slice_groups_minus1 > 0  &&


slice_group_map_type >= 3  &&  slice_group_map_type <= 5)
	
	

	

slice_group_change_cycle
	2
	u(v)

	}
	
	


The default value for shape_direction is 1.

The default value for shape_length is 1.

The default value for spiral_type is 0.

The default value for shape_high is 0.

The default value for shape_width is 0.

The default value for shape_length is 1.

The shape_direction 0 means that spiral will be wider in horizontal direction (if the value shape_length is different than 1, otherwise the spiral will have the shape of the square). 

The values shape_high, shape_width, width_max, high_max may be used to continue the spiral scan, but using new slice. If the value spiral_type is set to 0 the new slice begins the new spiral scan.
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