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1. Summary

The current draft standard disallows two IDR pictures occurring consecutively in decoding order, because the boundary between two coded IDR pictures could not be detected. We show that allowing consecutive IDR pictures in decoding order is a desirable property in streaming systems and propose a solution based on adding an idr_pic_id syntax element to the slice header of IDR pictures.

2. Introduction

We showed in document JVT-E125 that if two IDR pictures were coded consecutively, the decoder could not detect the boundary between the coded pictures. We proposed to add a unique identifier for IDR pictures to the slice headers of IDR pictures. We also showed that the sub-sequence identifier specified in the sub-sequence SEI messages is naturally suitable for the purpose. The JVT decided not to approve the proposal, but rather it was decided to disallow the occurrence of two consecutive IDR pictures. This paper justifies the need for consecutive IDR pictures and proposes the solution of JVT-E125 again.

3. Problem and Proposal

IDR pictures are instantaneous random access points. Instantaneous random access points are used frequently in streaming to enable fast forward and to allow newcomers tuning in a broadcast/multicast. 

Streaming systems try to address network congestion so that rebuffering in players is avoided. The throughput of the network is monitored, and streaming servers apply rate shaping or stream thinning to adjust the transmitted bit-rate to prevailing network conditions. Rate shaping techniques include switching to another stream coded for a different bitrate and adjusting the number of transmitted non-reference frames. Under severe network congestion, streaming servers typically transmit intra pictures only or stop transmitting video altogether, while they still maintain audio transmission.

As shown above, under severe network congestion streaming clients might receive intra pictures only, even though the stream was originally coded so that there are other coded pictures in between the intra pictures. Most intra pictures in streaming systems should preferably be IDR pictures to enable fast forward, seek, and tuning in to a multicast. The current draft standard (JVT-E146d37) allows the following solutions:

1. Mark every other intra picture as an IDR picture and the remaining ones as non-IDR intra pictures. As a consequence, servers and players could not easily detect if non-IDR intra pictures are random accessible.

2. Code a random access point SEI message for each non-IDR intra picture and require support for the SEI message in all players. Mark the non-IDR random access point in the server file format specifically so that servers know which frames can be random accessed. However, as the processing of SEI messages is not specified in the JVT standard, it cannot be guaranteed that the random access point SEI message is processed appropriately in all receivers.

We think that a better solution to the problem is the following: Add an IDR picture identifier (idr_pic_id) into the slice header of IDR pictures. The idr_pic_id in consecutive IDR frames in decoding order shall differ from each other. The coded picture boundary between IDR pictures is detected, if the idr_pic_id of the current IDR slice is different from the idr_pic_id of the previous IDR slice. If sub-sequence information SEI messages are coded, the idr_pic_id of an IDR picture shall be considered as the subseq_id of the sub-sequence whose first picture in decoding order is the IDR picture.

4. Proposed Changes Relative to JVT-E146d37

The proposed changes relative to JVT-E146d37 are highlighted with yellow background.

4.1 Subclause 7.3.3 (Slice header syntax)

	slice_header( ) {
	C
	Descriptor

	
pic_parameter_set_id
	4
	ue(v)

	
frame_num
	4
	u(v)

	
if( !frame_coding_only_flag ) {
	
	

	

field_pic_flag
	4
	u(1)

	

if( field_pic_flag )
	
	

	


bottom_field_flag
	4
	u(1)

	
}
	
	

	
first_mb_in_slice
	4
	u(v)

	
slice_type
	4
	ue(v)

	
if( nal_unit_type = = 5 )
	
	

	

idr_pic_id
	4
	ue(v)

	
…
	
	


4.2 Subclause 7.4.1 (NAL unit semantics)

…

[Ed.Note: This paragraph should be revised and possibly moved?] An instantaneous decoder refresh picture (IDR picture) implies that all pictures in the multi-picture buffer are marked as non-reference pictures. Moreover, the maximum long-term index is reset to zero. An IDR picture contains only I or SI slices, and nal_unit_type equal to 5 (IDR) shall be used for all slices of an IDR picture. nal_ref_idc shall be not be equal to 0 for IDR NAL units. An IDR picture shall not immediately follow another IDR picture in decoding order.
…

4.3 Subclause 7.4.3 (Slice header semantics)

…

idr_pic_id identifies an IDR picture. The values of idr_pic_id in all the slices of an IDR picture shall remain unchanged. The values of idr_pic_id in consecutive IDR pictures in decoding order shall differ from each other. The value of idr_pic_id shall be in the range of 0 to 65535, inclusive.
…

4.4 Subclause 8.2.1 (Detection process of coded picture boundaries)

Input to this process are the slice header of the slice to be decoded, nal_ref_idc of the NAL unit containing the slice to be decoded, the picture order count for the slice to be decoded, the slice header of the previously decoded slice, the nal_ref_idc of the NAL unit that contained the previously decoded slice, and the picture order count of the previously decoded slice.

Output of this process is an indication if decoding of a new picture is started from the slice to be decoded.

Decoding of a new picture is started from the slice to be decoded, herein called the current slice, if the slice is not a redundant slice and if one of the following conditions is true: 

1. The frame number of the current slice is different from the frame number of the previously decoded slice.

2. The field_pic_flag of the previously decoded slice is different from the field_pic_flag of the current slice.

3. The bottom_field_flag exists in both the previously decoded slice and the current slice but is not equal in the two slices, or the bottom_field_flag exists in only one of the previously decoded slice and the current slice.

4. The nal_ref_idc of the previously decoded slice is different from the nal_ref_idc of the current slice, and either nal_ref_idc is equal to 0.

5. The frame number of the current slice is the same as the frame number in the previously decoded slice, and either delta_pic_order_cnt[ 0 ] is different from the delta_pic_order_cnt[ 0 ] in the previously decoded slice, or delta_pic_order_cnt[ 1 ] is different from the delta_pic_order_cnt[ 1 ] in the previously decoded slice

6. The frame number of the current slice is the same as the previously decoded slice, and pic_order_cnt_type is less than 2, and the calculated picture order counts are different for the two slices.

7. Both the current slice and the previously decoded slice belong to an IDR picture, and the idr_pic_id of the current slice differs from the idr_pic_id of the previously decoded slice.
4.5 Subclause D.2.11 (Sub-sequence information SEI message semantics)

…

subseq_id identifies the sub-sequence within a layer. Consecutive sub-sequences within a particular layer in decoding order shall have a different subseq_id from each other. If the current picture resides in a sub-sequence whose first picture in decoding order is an IDR picture, the value of subseq_id shall be the same as the value of idr_pic_id of the IDR picture. subseq_id shall be less than 65536.

…
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