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Abstract

We proposed the scheme which minimizes the loss of coding efficiency in very low delay coding at the 2nd JCT-VC meeting [1]. This contribution shows the evaluation result of the proposed scheme using TMuC software version 0.7.3.
Coding gains from the conventional multiple slices scheme in BD-Bitrate are 8.7% and 15.4 % when the sizes of LCTB are 64x64 and 32x32, respectively. 
Introduction

We proposed the scheme which minimizes the loss of coding efficiency in very low delay coding of less than one frame period at the 2nd JCT-VC meeting. The proposed scheme replaces the conventional multiple slices scheme for very low delay coding.

The vertical intra MB line scheme is used in very low delay coding. In order to perform cyclic refreshment, a vertical intra MB line is inserted in each picture and circulates so that whole pixels in a picture are refreshed. The number of bits per MB line is averaged by the vertical intra MB line scheme because the number of intra MB in each MB line is averaged. The averaged number of bits per MB line　can reduce the size of a bitstream buffer. Thus very low delay coding is realized.

Very low delay coding requires that the reference from a MB inside a refreshed area to a MB inside a non-refreshed area should be inhibited. This restriction is necessary to assure the correct recovery of whole pixels in a picture when the decoding process starts from a recovery point.

When very low delay coding is implemented using MPEG-4 AVC/H.264, multiple slices should be inserted in a picture so that the refreshed area and the non-refreshed area are separated. This is to avoid the contamination from the non-refreshed area to the refreshed area through the decoding process such as the deblocking filter. As the result, a slice is inserted in each MB line (see Figure 1).

[image: image1.emf]3

0 1

1 2

2 3

a a+1

Refreshed

area

Non-refreshed 

area

Slice

Vertical intra 

MB line

Picture


Figure 1 Insertion of multiple slices in a picture when very low delay coding is implemented using MPEG-4 AVC/H.264.
When the multiple slices scheme is used, the coding gain degrades about 1 dB due to the reset of a CABAC entropy coder, the restriction of the reference to a MB in a different slice, the restriction of a motion vector, and the overhead of a slice header.

The proposed scheme introduces the new high-level syntax which describes the position of the area boundary between a refreshed area refreshed by an intra MB line and a non-refreshed area. The proposed scheme also introduces the new high-level semantics which inhibits the reference from the refreshed area to the non-refreshed area in order to guarantee the correct recovery of whole pixels in a picture when the decoding process starts from a recovery point.

In this contribution, the coding gain of the proposed scheme from the conventional multiple slices schemes on the TMuC software is reported.

Test condition
1.1 Tested schemes
The coding gain of the proposed scheme from the conventional multiple slices scheme is evaluated.
The evaluated schemes are summarized in Table 1. The sizes of the LCTB are 64x64 (which is according to the "low delay, high efficiency" setting of the common test condition described in JCTVC-B300 [2]) and 32x32.

Table 1 Tested schemes

	
	Scheme
	Detail

	1
	"Proposed"
	The proposed scheme in JCTVC-B031.

The area boundary whose position is described in a slice header circulates from the left to the right of a picture. See Figure 2 for detail. In this implementation, the unit of the position of the area boundary is the width of LCTB.

Other parameters are identical to those in the "low delay, high efficiency" setting.

	2
	"Conventional"
	Multiple slices are inserted in a picture. 
The positions of slice headers represent the area boundary between a refreshed area and a non-refreshed area. The area boundary circulates from the left to the right of a picture. See Figure 3 for detail.

Other parameters are identical to those in the "low delay, high efficiency" setting.
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Figure 2  The position of the area boundary in the proposed scheme
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Figure 3  The position of slices in the convention multiple slices scheme

1.2 Test sequence
All sequences in Class A, Class B and Class C described in the common test condition are used for the evaluation. The length of each sequence is set equal to (<a multiple of refresh period> + 1). The latter number (i.e. “1”) corresponds to the first IDR picture.

Table 2  Tested sequences

	Class
	Sequence (frame rate) 
	Length
	Refresh period

	A
	Traffic (30)

PeopleOnStreet (30)
	81
	80 (for 32x32 LCTB)

40 (for 64x64 LCTB)

	B
	Kimono (24)

ParkScene (24)

Cactus (50)

BQTerrace (60)

BasketBallDrive (50)
	121
	60 (for 32x32 LCTB)

30 (for 64x64 LCTB)

	C
	RaceHorses (30)

BQMall (60)

PartyScene (50)

BasketballDrill (50)
	209
	26 (for 32x32 LCTB)

13 (for 64x64 LCTB)


2 Implementation

In order to evaluate the coding gain of the proposed scheme from the conventional multiple slices scheme, we implemented both schemes into TMuC software version 0.7.3. The following subclauses describe how two schemes are implemented. Please refer to the attached source code for detail.
2.1 Multiple slices insertion in the conventional scheme
The control of slice insertion to the position of the area boundary is added. This control is valid only for the conventional multiple slices scheme.

An entropy coder is initialized at the beginning of a slice header similarly to MPEG-4 AVC/H.264. Note that the PIPE entropy coder which is enabled in the "low delay, high efficiency" setting is only supported at this time.
2.2 Area boundary in the proposed scheme
The position of the area boundary (in unit of the width of LCTB, see Figure 3) is described in a slice header. At this time, only the "from left to right" mode is supported among possible circulation modes of the area boundary.

In the "from left to right" mode, the left side of the area boundary (excluding itself) is defined as a refreshed area, and the right side of that is defined as a non-refreshed area. Each area has its area index. The area index is automatically calculated both in an encoder and a decoder. This implementation is provisional and the area index will be described in a bitstream in an explicit way.

When the area index of a refreshed area is K, the area index of a non-refreshed area becomes (K-1). At each recovery point, the area indexes of two areas increase one. 
At this time, the recovery point SEI is not implemented. The encoder and the decoder detect the position of a recovery point using the POC value.
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Figure 4  The area indexes of a refreshed area and a non-refreshed area in a picture
2.3 Restriction on inter-CTB reference

2.3.1 Multiple slices scheme

The reference to a LCTB in a different slice is not allowed as in MPEG-4 AVC/H.264. The process of entropy coding, the intra prediction and the prediction of a motion vector are affected by the presence of a slice boundary.

2.3.2 Proposed scheme

The reference from a CTB in a refreshed area to a CTB in a non-refreshed area is not allowed. The process of entropy coding, the intra prediction and the prediction of a motion vector are affected by the presence of the area boundary in a picture.

Similar restriction is imposed to the reference to the collocated CTB in a reference picture for the motion vector competition.

2.4 Restriction on post filter

2.4.1 Multiple slices scheme

Similar control as in MPEG-4 AVC/H.264 with disable_deblocking_filter_idc = 2 is applied to the deblocking filter. That is, deblocking filter is not applied at the slice boundary.

When the adaptive in-loop filter is applied to a pixel inside a refreshed area, the area boundary is treated as a picture boundary. Thus pixels in a non-refreshed area are not used for processing of the adaptive in-loop filter for a pixel inside a refreshed area. This restriction is provisional and identical to that for the proposed scheme.

2.4.2 Proposed scheme

When the deblocking filter is applied to a block edge inside a refreshed area, the area boundary is treated as a picture boundary. Thus no deblocking filter is applied to a block edge inside a refreshed area and adjacent to the area boundary. On the contrary, the normal deblocking filter is applied to a block edge inside a non-refreshed area or applied to a block edge inside a refreshed area and not adjacent to the area boundary. In another word, the deblocking filter is applied asymmetrically around the area boundary.

When the adaptive in-loop filter is applied to a pixel inside a refreshed area, the area boundary is treated as a picture boundary. Thus pixels in a non-refreshed area are not used for processing of the adaptive in-loop filter for a pixel inside a refreshed area.

2.5 Restriction on motion vector

2.5.1 Multiple slices scheme

The encoder performs motion vector search in which a motion vector from a PU inside a refreshed area to an area which contains pixels in a non-refreshed area of a reference picture is omitted. In this control, the size of the interpolation filter is considered when a motion vector has a fractional value. At this time, only the horizontal component is taken into account.

2.5.2 Proposed scheme

The restriction on a motion vector described in subclause 3.5.1 is relaxed. When a PU is inside a refreshed area, motion compensation process treats the area boundary in a reference picture as a picture boundary. Referred pixels in a non-refreshed area are extrapolated from pixels in a refreshed area and adjacent to the area boundary. Thus the encoder can select a motion vector which expands to the non-refreshed area.

There is one condition for above process. In order to inhibit the reference across a recovery point, such motion vector is allowed only if the area index of the refreshed area in the reference picture is identical to that of the refreshed area in the processing picture.

3 Result

The coding gain of the proposed scheme from the conventional multiple slices scheme is summarized in this clause. Please refer to the attached EXCEL file for detail.

In order to show the effect of minimizing the number of bits of slice headers brought by the proposed scheme and other effects brought by the proposed scheme, we use three different test cases for the conventional multiple slices scheme.

Table 3  Three test cases for the conventional multiple slices scheme

	Test case
	Description

	Case 1
	RD data includes bits of all slice headers (excluding ALF parameters) and bits of ALF parameters in the first slice of each picture. Bits of redundant ALF parameters in other slice headers in the same picture are not taken into account.
The idea behind defining Case 1 is that the number of bits of ALF parameter is larger than that of the rest of a slice header. Typical size of a slice header excluding ALF parameters is about 10 Bytes while typical size of ALF parameters is 25-90 Bytes. Due to its large overhead, we think ALF parameters should be transmitted only once in a picture for better compression.

Comparison with Case 1 represents the typical coding gain of the proposed scheme.

	Case 2
	RD includes bits of all slice headers.

Comparison with Case 2 represents the coding gain when ALF parameters are encoded redundantly.

	Case 3
	RD data excludes bits for all slice headers.

Comparison with Case 3 represents the coding gain by relaxing the restriction on reference.
This test case is just for information because coding without a slice header is unrealistic.


Table 4 and Table 5 show the coding gains of the proposed scheme from the conventional multiple slices scheme when the sizes of the LCTB are 64x64 and 32x32, respectively.

Table 4  Coding gain of the proposed scheme from the conventional multiple slices scheme (LCTB size is 64x64)
	Class
	Sequence
	Case 1
	Case 2
	Case 3

	
	
	BD-PSNR
	BD-Bitrate
	BD-PSNR
	BD-Bitrate
	BD-PSNR
	BD-Bitrate

	A
	Traffic
	0.368 
	-10.087 
	0.528 
	-13.944 
	0.286 
	-7.876 

	
	PeopleOnStreet
	0.190 
	-4.033 
	0.353 
	-7.332 
	0.151 
	-3.206 

	
	Average
	0.279 
	-7.060 
	0.440 
	-10.638 
	0.218 
	-5.541 

	B
	Kimono
	0.330 
	-9.708 
	0.552 
	-15.654 
	0.236 
	-7.016 

	
	ParkScene
	0.291 
	-8.329 
	0.453 
	-12.408 
	0.207 
	-5.989 

	
	Cactus
	0.255 
	-9.579 
	0.392 
	-14.562 
	0.189 
	-7.120 

	
	BQTerrace
	0.232 
	-9.011 
	0.325 
	-12.491 
	0.179 
	-6.964 

	
	BasketballDrive
	0.238 
	-10.011 
	0.389 
	-16.068 
	0.176 
	-7.453 

	
	Average
	0.269 
	-9.328 
	0.422 
	-14.237 
	0.197 
	-6.908 

	C
	RaceHorses
	0.291 
	-6.439 
	0.441 
	-9.539 
	0.193 
	-4.310 

	
	BQMall
	0.547 
	-11.515 
	0.739 
	-15.126 
	0.386 
	-8.290 

	
	PartyScene
	0.261 
	-4.879 
	0.392 
	-7.211 
	0.175 
	-3.232 

	
	BasketballDrive
	0.537 
	-11.749 
	0.845 
	-17.625 
	0.354 
	-7.973 

	
	Average
	0.409 
	-8.645 
	0.604 
	-12.375 
	0.277 
	-5.951 

	Average
	0.322 
	-8.667 
	0.492 
	-12.905 
	0.230 
	-6.312 


Table 5  The coding gain of the proposed scheme from the conventional multiple slices scheme (LCTB size is 32x32)

	Class
	Sequence
	Case 1
	Case 2
	Case 3

	
	
	BD-PSNR
	BD-Bitrate
	BD-PSNR
	BD-Bitrate
	BD-PSNR
	BD-Bitrate

	A
	Traffic
	0.611 
	-16.848 
	0.959 
	-24.152 
	0.459 
	-12.778 

	
	PeopleOnStreet
	0.334 
	-6.956 
	0.663 
	-13.244 
	0.259 
	-5.424 

	
	Average
	0.473 
	-11.902 
	0.811 
	-18.698 
	0.359 
	-9.101 

	B
	Kimono
	0.607 
	-16.883 
	1.042 
	-27.153 
	0.442 
	-12.499 

	
	ParkScene
	0.550 
	-15.222 
	0.874 
	-22.362 
	0.397 
	-11.192 

	
	Cactus
	0.444 
	-16.468 
	0.706 
	-25.254 
	0.328 
	-12.228 

	
	BQTerrace
	0.432 
	-17.069 
	0.587 
	-22.738 
	0.347 
	-13.675 

	
	BasketballDrive
	0.445 
	-17.950 
	0.748 
	-28.825 
	0.339 
	-13.712 

	
	Average
	0.496 
	-16.718 
	0.792 
	-25.266 
	0.370 
	-12.661 

	C
	RaceHorses
	0.546 
	-11.918 
	0.853 
	-17.765 
	0.380 
	-8.422 

	
	BQMall
	0.964 
	-19.765 
	1.361 
	-26.281 
	0.684 
	-14.457 

	
	PartyScene
	0.593 
	-11.115 
	0.857 
	-15.519 
	0.441 
	-8.388 

	
	BasketballDrive
	0.928 
	-19.737 
	1.536 
	-29.693 
	0.629 
	-13.877 

	
	Average
	0.758 
	-15.634 
	1.152 
	-22.315 
	0.533 
	-11.286 

	Average
	0.587 
	-15.448 
	0.926 
	-22.999 
	0.428 
	-11.514 


4 Conclusion and recommendation

The proposed scheme which minimizes the loss in coding gain in very low delay coding is evaluated using TMuC 0.7.3.

The improvements from the conventional multiple slices scheme in BD-Bitrate are 8.7% and 15.4% when the sizes of LCTB are 64x64 and 32x32, respectively.

The proposed scheme introduces only the high-level syntax and semantics. No new coding tool which may increases computational complexity significantly is included.

We propose to start an AHG activity on the support of very low delay coding in HEVC. The activity of the AHG shall includes the discussion of high-level syntax and semantics in detail, further evaluation including a cross-checking, and the improvement of the reference software (including the support of tools not implemented at this time).
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Annex: Detailed syntax and semantics

Slice header syntax

	slice_header( ) {
	C
	Descriptor

	
first_lctb_in_slice
	2
	ue(v)

	  boundary_position_in_lctb_width
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
pic_parameter_set_id
	2
	ue(v)

	
frame_num
	2
	u(v)

	
if( IdrPicFlag )
	
	

	

idr_pic_id
	2
	ue(v)

	
pic_order_cnt_lsb
	2
	u(v)

	
if( slice_type  = =  P  | |  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_modification( )
	
	

	
if( nal_ref_idc != 0 )
	
	

	

dec_ref_pic_marking( )
	2
	

	
if( entropy_coding_mode_flag  &&  slice_type  !=  I )
	
	

	

cabac_init_idc
	2
	ue(v)

	
slice_qp_delta
	2
	se(v)

	
alf_param()
	
	

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

	
mc_interpolation_idc
	2
	ue(v)

	
mv_competition_flag
	2
	u(1)

	
if ( mv_competition_flag ) {
	
	

	

mv_competition_temporal_flag
	2
	u(1)

	
}
	
	

	  }
	
	

	if ( slice_type  = =  B  &&  mv_competition_flag)
	
	

	    collocated_from_l0_flag
	2
	u(1)

	
	
	

	  sifo_param()
	
	

	  if (entropy_coding_mode_flag == 3)
	
	

	    parallel_v2v_header()
	2
	

	edge_based_prediction_flag
	2
	u(1)

	if( edge_prediction_ipd_flag = = 1 )
	
	

	  threshold_edge
	2
	u(8)

	}
	
	


Slice header semantics

boundary_position_in_lctb_width specifies the horizontal position of the boundary between a refreshed area and a non-refreshed area in a picture in units of the width of LCTB.
 boundary_position_in_lctb_width  shall be in the range from 0 to ( (pic_width_in_luma_samples + (1 << (a – 1)) >> a), where a is equal to (( log2_min_coding_unit_size_minus3 + 3 + max_coding_unit_hierarchy_depth ) .
The variable BoundaryPosition is derived as 
    BoundaryPosition = min( (boundary_position_in_lctb_width * (1 << a)), pic_width_in_luma_samples)
, where a is equal to (( log2_min_coding_unit_size_minus3 + 3 + max_coding_unit_hierarchy_depth ) .
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