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Abstract

FMO has been discussed to implement the feature of ROI scalability. The H.264/AVC specification does not allow any missing slice groups, which means even for slice groups which contain non-ROIs, we still need to code them and send them into the network. In this contribution, we propose to relax this requirement and allow missing slice groups in enhancement layers, and define a normative behavior for intentionally missing slices. The base layer remains H.264 compatible.
1. Introduction
Regions-of-interest (ROI) scalability is an essential feature for some applications as described in the requirement document in SVC [1]. Users may want to have different spatial/temporal/quality scalability inside and outside of ROIs. It has been discussed that FMO in H.264 can be used to implement ROI, but the H.264 specification has a very strict requirement that all slice groups must be coded and sent. So even for non-ROIs, we need to spend extra, maybe unnecessary, effort to code them and fulfill the requirement of H.264/AVC. In this contribution, we propose to relax this requirement and allow missing slice groups in enhancement layers. 
2. Proposal
FMO has been discussed to implement the feature of ROI. The H.264/AVC specification requires that each macroblock in an image be included in a slice group, and that all slice groups be coded in primary coded pictures (although it is not required for redundant pictures.) H.264/AVC does not allow any missing slice groups, which means even for slice groups which contain non-ROIs, we still need to code them and send them into the network. It could be argued that the encoder has the option to control the bits for the macroblocks outside the ROI. For example, the encoder can code all the macroblocks in non-ROIs to be BL_SKIP or INTRA_BL mode [2]. Even though the bits required to signal the BL_SKIP or INTRA_BL mode might be small, it still takes the encoder extra effort to code them. More importantly, to code non-ROIs requires extra NAL units and hence extra bitrate overhead. 
An example bitrate overhead can be calculated for a case where the ROI occupies 1/4 of the macroblocks in a frame, and the non-ROI occupies 3/4 of the macroblocks, for a QCIF base layer and a CIF enhancement layer at 30 fps.  The added bitrate can be broken down as 292 bits/frame for coding all the macroblocks in the non-ROI region as INTRA_BL, 16 bits for the NAL unit headers, and 96 bits for RTP header overhead [4] (calculated assuming each slice group in own RTP packet),  totaling 404 bits/frame for non-ROI region. This is equivalent to approximately 12kbps for the non-ROI region coded in the enhancement layer, which is not insignificant for low bitrate applications.  

At the same time it increases the burden on the router to parse all these NAL units. In addition, the decoder still needs to parse those bitstream for non-ROIs. We should note that in the current JSVM design, supporting INTRA_BL mode for all the macroblocks in the enhancement layer regardless of base layer macroblock types requires multi-loop decoding, which may not be allowed for some profiles. This constraint limits the usage of INTRA_BL mode if the encoder only supports single loop decoding. If we want to use INTRA_BL mode for all MBs in non-ROI regardless of single or multiple decoding loop, we need to modify the current design. 
In this document, we propose to relax this requirement to allow missing slice groups in enhancement layer for the application of ROI. It has the following advantages: a) save bitrate; b) reduce the burden of the router; c) simplify the parsing for decoder and save the coding for encoder for non-ROI region.
If we allow missing slice groups in the enhancement layer, one immediate issue that arises is, how can the decoder tell if the missing slice group is intentionally not encoded by the encoder or is dropped because of network errors. If a slice group is intentionally omitted, the decoder should provide a normative behavior, so that a decoder can still have the capability to decode the whole picture (ROI + non-ROI) and the output of the decoding process behaves consistently between different decoders, and encoder/decoder bit-exactness can be maintained. But if a slice group is dropped because of network error, a non-normative error concealment can be applied, which is application dependent.
To clear the ambiguity of whether a slice group is intentionally or un-intentionally missing, we propose to add one flag in sequence_parameter_set(), missing_slice_groups_allowed_flag, as shown in Table 1.  To support all slice_group_map_types, we need to indicate which slice groups are missing for slice_group_map_type equal to 0, 1 and 6. For other cases, we can always assume only the last slice group is missing, so no additional syntax is required. For the most commonly expected case of rectangular ROI scalability, slice_group_map_type == 2 will be selected and thus little syntax is added in picture_parameter_set(). A complete syntax is shown in Table 2. 

missing_slice_groups_allowed_flag specifies the allowance of missing slice groups in the bitstream. When missing_slice_groups_allowed_flag is not present, it shall be inferred to be equal to 0. missing_slice_groups_allowed_flag equal to 1 requires that the same slice group mapping exists between base layer and enhancement layer.
num_missing_slice_groups specifies the number of missing slice groups for a picture.

missing_slice_group_id[ i ] identifies a missing slice group of the i-th missing slice group map unit in raster scan order.

With the provided new syntax, the decoder can decide if a slice group in enhancement layer is intentionally missing or dropped because of network error. To decide what should be a normative behavior of decoding processing for an intentionally missing group, we should keep the following considerations in mind: 1) since a missing slice group is applied to non-ROI in enhancement layer, the lower resolution/quality should be allowed, but the quality should be acceptable; 2) the complexity should be kept low and the decoder should re-use the available functionality in current SVC design.
There are two simple solutions using current SVC design: 1) use INTRA_BL mode without residue, i.e., copy or upsample the base_layer picture; 2) use BL_SKIP mode without residue. A comparison is done between these two methods in our error concealment contribution [3]. Though the tests were only done for spatial scalability, similar result is observed for other cases. In [3], the simulation shows that even though BL_SKIP mode without residue in general has higher PSNR than INTRA_BL mode without residue, it can result in some artifacts, while INTRA_BL is just an upsampled version of the base layer image for spatial scalability, (or exactly the base layer image for SNR scalability). Figure 1 shows an example where BL_SKIP has some noticeable artifacts, while INTRA_BL does not.  Since for non-ROIs, the quality requirement is different from ROI and INTRA_BL mode provides no artifact, in this contribution, we propose to always use INTRA_BL mode to decode a missing slice group, which means we need to always support multiple loop decoding for a missing slice group. In the current specification, INTRA_BL mode requires multiple loop decoding, which might be a profile issue.  However, using INTRA_BL without any residue in the non-ROI enhancement layer is not really multi-loop decoding, because there is not an additional loop to decode the non-existent residue.  So, we propose that this decoding method can be used regardless of whether or not multi-loop decoding is allowed in a particular profile. Since our proposal requires the same slice group mappings in both the base and the enhancement layers, INTRA_BL mode can be directly applied without requiring additional decoding.
3. Conclusion

In this contribution, we propose to allow missing slice groups in the enhancement layer for the application of ROI scalability using FMO in H.264. New syntax is provided and a normative decoding process for an intentionally missing slice group is defined to always use INTRA_BL mode without a residual.
Table 1 Sequence parameter set RBSP syntax
	seq_parameter_set_rbsp( ) {
	C
	Descriptor

	
profile_idc
	0
	u(8)

	
…
	
	

	
num_ref_frames
	0
	ue(v)

	
gaps_in_frame_num_value_allowed_flag
	0
	u(1)

	
if ( profile_idc = = 83 )
	
	

	
   missing_slice_groups_allowed_flag
	0
	u(1)

	
…
	0
	u(1)

	}
	
	


Table 2 Picture parameter set RBSP syntax
	pic_parameter_set_rbsp( ) {
	C
	Descriptor

	
pic_parameter_set_id
	1
	ue(v)

	
seq_parameter_set_id
	1
	ue(v)

	
entropy_coding_mode_flag
	1
	u(1)

	
pic_order_present_flag
	1
	u(1)

	
num_slice_groups_minus1
	1
	ue(v)

	
if( num_slice_groups_minus1 > 0 ) {
	
	

	

slice_group_map_type
	1
	ue(v)

	

if( slice_group_map_type  = =  0 )
	
	

	


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

	



run_length_minus1[ iGroup ]
	1
	ue(v)

	

else if( slice_group_map_type  = =  2 )
	
	

	


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

	



top_left[ iGroup ]
	1
	ue(v)

	



bottom_right[ iGroup ]
	1
	ue(v)

	


}
	
	

	

else if(  slice_group_map_type  = =  3  | |  





slice_group_map_type  = =  4  | |  





slice_group_map_type  = =  5 ) {
	
	

	


slice_group_change_direction_flag
	1
	u(1)

	


slice_group_change_rate_minus1
	1
	ue(v)

	

} else if( slice_group_map_type  = =  6 ) {
	
	

	


pic_size_in_map_units_minus1
	1
	ue(v)

	


for( i = 0; i <= pic_size_in_map_units_minus1; i++ )
	
	

	



slice_group_id[ i ]
	1
	u(v)

	

}
	
	

	
}
	
	

	
if ( ( profile_idc = = 83 ) && (missing_slice_groups_allowed_flag )

           && (num_slice_group_minus1 > 0) ) {
	
	

	
    num_missing_slice_group
	1
	ue(v)

	        if (num_missing_slice_group > 0) {
	
	

	           if (  slice_group_map_type  = =  0  | |  




 slice_group_map_type  = =  1  | |  




 slice_group_map_type  = =  6 ) {
	
	

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

	                      missing_slice_group_id[ i ]
	1
	u(v)

	                }
	
	

	           }
	
	

	       }
	
	

	   }
	
	

	…
	
	

	}
	
	


[image: image1.png]



(a) BL_SKIP
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(b) INTRA_BL

Fig. 1: a: Frame 42 of the “foreman” sequence. QP=28, Average packet loss rate = 3%. (The image is copied from [3] )
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