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1. Summary

This contribution addresses three problems in coding of picture order count (POC). The problems are related to POC mode 0, POC mode 2 and the range of POC values. A solution for each problem is proposed after description of the problem. 
2. Error-Tolerant POC Coding Mode for Non-Periodic Picture Output Rates

2.1 Background

There are currently three POC coding modes in the draft standard. The modes can be characterized as follows:

· Mode 0 can be used for non-periodic picture output rates in error-free environments. Mode 0 predicts the value of the picture order count from the picture order count of the most recently decoded reference picture. Thus, mode 0 is not tolerant to losses of reference pictures.

· Mode 1 can be used for periodic picture output rates in error-free and error-prone environments. Mode 1 predicts the value of the picture order count from the picture order count of the most recent IDR picture.

· Mode 2 can be used if there are no B slices and no more than one consecutive non-reference frame in decoding order. In mode 2, no picture order count information is present. 

2.2 Problem

We noted that there is no POC coding mode for non-periodic picture output rates in error-prone environments. Such a POC coding mode is essential in mobile video communication, for example.

2.3 Overview of the Proposal

We propose a POC coding mode that is very close to the POC coding mode 0 of the Klagenfurt output version of the standard (JVT-D157, JVT-E022d7). The POC coding mode 0 of JVT-D157 was removed obviously as a response to the USNB comment in JVT-E68r1:

In mode 0, the decoder needs to maintain the correct value of PicOrderCntOffset in order correctly decode picture order count. If more than two or more picture are not decoded (through error loss or through the ability to skip frames provided by enhanced GOPs) then it possible for the value of PicOrderCntOffset to become incorrect. Unlike POC mode 1, this can happen even if the pictures are not stored. This breaks the property of the AVC decoder design that the decoder does not need to decode non-stored frames to correctly maintain its state.
We believe that the POC coding mode 0 of JVT-D157 was misunderstood in this comment. In this paper, we propose the POC coding mode 0 again and show that it actually is very error-resilient. We have made minor modifications on the terminology, aligned the proposed text with the latest draft standard, and removed the dependency on non-reference pictures.

In the Geneva meeting, a new design on POC coding mode 0 was approved. We question the need of the Geneva POC coding mode 0 due to its bad error resiliency capabilities and due to minor compression efficiency improvement compared to the proposed POC coding mode.

2.4 Modifications to the Standard Text

2.4.1 Sequence Parameter Set

The following description assumes that mode XX is assigned for the new POC coding mode. The following parameter of type ue(v) is added to the sequence parameter set if pic_order_cnt_type equals XX:

log2_max_pic_order_cnt_lsb_minus4 is used to specify the MaxPicOrderCntLsb used in picture order count related arithmetic as follows: 

MaxPicOrderCntLsb = 2^( log2_max_pic_order_cnt_lsb_minus4 + 4 )
(7-QQ)

The size of the pic_order_cnt_lsb parameter in the slice header is log2_max_pic_order_cnt_lsb_minus4 + 4 bits. The value of log2_max_pic_order_cnt_lsb_minus4 shall be in the range of 0 to 12, inclusive.

2.4.2 Slice Header

The pic_order_cnt_lsb parameter of type u(v) is present in the slice header if pic_order_cnt_type equals XX:

pic_order_cnt_lsb carries the picture order count coded in modulo MaxPicOrderCntLsb arithmetic. An IDR picture shall have pic_order_cnt_lsb equal to 0. The size of the pic_order_cnt_lsb parameter is log2_max_pic_order_cnt_minus4 + 4 bits.

2.4.3 Decoding Process

An overview of the process is as follows: The PicOrderCntMsb variable contains the picture order count of the latest reference picture in decoding order where the least significant bits are reset to 0. Only the least significant bits of the picture order count are transmitted in the pic_order_cnt_lsb syntax element for each picture. If the difference between the least significant bits of the previous reference picture in decoding order, called PrevPicOrderCntLsb, and pic_order_cnt_lsb of the current picture is at least half from the upper limit of pic_order_cnt_lsb, it is concluded that the least significant bits have wrapped over since the previous reference picture and PicOrderCntMsb is updated. Note the wrapping over can happen in either direction, because the decoding order of pictures may not be the same as the output order of the pictures. Finally, the picture order count of the current picture is calculated by summing the updated PicOrderCntMsb and pic_order_cnt_lsb of the current picture. For example, if log2_max_pic_order_cnt_lsb_minus4 is 0, PicOrderCntMsb is 16, prevPicOrderCntLsb is 1, and pic_order_cnt_lsb is 14, then it is concluded that the picture order count of the current picture is 3 units less than the picture order count of the previous reference picture and PicOrderCntMsb is updated to 0.

The proposed text for the standard is the following:

Inputs to this process are pic_order_cnt_type, log2_max_pic_order_cnt_lsb_minus4, MaxPicOrderCntLsb, and pic_order_cnt_lsb.

Outputs of this process are TopPicOrderCnt, BottomPicOrderCnt, FramePicOrderCnt.

PicOrderCntMsb contains the picture order count of the previous reference picture in decoding order where (log2_max_pic_order_cnt_lsb_minus4 + 4) least significant bits have been reset to 0. PicOrderCntMsb is zero for an IDR picture. The decoded data shall not cause PicOrderCntMsb to exceed the range of values from –231 to 231-1.

The value of pic_order_cnt_lsb of the previous frame in decoding order is herein called PrevPicOrderCntLsb. If the value of pic_order_cnt_lsb of the current picture is smaller than PrevPicOrderCntLsb and if (PrevPicOrderCntLsb – pic_order_cnt_lsb) is greater than or equal to (MaxPicOrderCntLsb / 2), CurrPicOrderCntMsb is calculated according to Equation 8-QQ. 

CurrPicOrderCntMsb = PicOrderCntMsb + MaxPicOrderCntLsb
(8-QQ)

If pic_order_cnt_lsb is greater than PrevPicOrderCntLsb and if (pic_order_cnt_lsb – PrevPicOrderCntLsb) is greater than (MaxPicOrderCntLsb / 2), CurrPicOrderCntMsb is calculated according to Equation 8-QQ. 

CurrPicOrderCntMsb = PicOrderCntMsb – MaxPicOrderCntLsb
(8-QQ)

Otherwise, the value of CurrPicOrderCntMsb is equals PicOrderCntMsb. 

For a frame picture, both TopPicOrderCnt and BottomPicOrderCnt are calculated, for a top field picture TopPicOrderCnt is calculated, and for a bottom field picture BottomPicOrderCnt is calculated. In the equation 8-QQ, PicOrderCnt stands for the TopPicOrderCnt and/or BottomPicOrderCnt of the picture. 

PicOrderCnt = CurrPicOrderCntMsb + pic_order_cnt_lsb
(8-QQ)

Finally, if the nal_reference_idc for the picture is greater than 0, PicOrderCntMsb is updated as follows:

PicOrderCntMsb = CurrPicOrderCntMsb
(8-QQ)

2.5 Example

The table below shows the example presented in Table 8-3 of the JVT-E146d37 – “Third example of picture order count 0”. The table is enhanced by presenting the number of bits used to code delta_pic_order_cnt values.

	nal_ref_idc
	frame_num
	FramePicOrderCnt
	TopPicOrderCnt
	BottomPicOrderCnt 
	delta_pic_order_cnt[0] value / # bits
	delta_pic_order_cnt[1] value / # bits

	>0
	0
	0
	0
	1
	0 / 1
	0 / 1

	>0
	1
	7
	8
	7
	2 / 5
	-2 / 5

	0
	2
	2
	2
	3
	0 / 1
	0 / 1

	0
	2
	4
	4
	5
	2 / 5
	0 / 1

	>0
	2
	13
	14
	13
	0 / 1
	-2 / 5

	0
	3
	9
	10
	9
	0 / 1
	-2 / 5

	0
	3
	11
	12
	11
	2 / 5
	-2 / 5

	...
	…
	…
	…
	…
	...
	…


The same example coded with the proposed POC mode is as follows:

	nal_ref_idc
	frame_num
	FramePicOrderCnt
	TopPicOrderCnt
	BottomPicOrderCnt 
	pic_order_cnt_lsb for top pic
	pic_order_cnt_lsb for bottom pic

	>0
	0
	0
	0
	1
	0x0
	0x1

	>0
	1
	7
	8
	7
	0x8
	0x7

	0
	2
	2
	2
	3
	0x2
	0x3

	0
	2
	4
	4
	5
	0x4
	0x5

	>0
	2
	13
	14
	13
	0xE
	0xD

	0
	3
	9
	10
	9
	0xA
	0x9

	0
	3
	11
	12
	11
	0xC
	0xB

	...
	…
	…
	…
	…
	...
	…


If log2_max_pic_order_cnt_lsb_minus4 equals to 1, then MaxPicOrderCntLsb is 32 and pic_order_cnt_lsb is coded with 5 bits. The calculation of picture order count is resilient to a loss of pictures up to the point where the difference between the pic_order_cnt_lsb of the picture before the loss and the pic_order_cnt_lsb of the picture after the loss is up to 15 (inclusive). If the difference were greater than 15, PicOrderCntMsb would be calculated incorrectly. In the example case, any of the shown pictures could be lost without an error in picture order count calculations of the other pictures. Error resiliency can be further improved by selecting a larger log2_max_pic_order_cnt_lsb_minus4.

In this example, an average of 2 bits per slice can be saved in POC mode 0 compared to the proposed POC mode.

3. Modifications to POC Coding Mode 2

3.1 Background

In the latest draft standard, using POC mode 2 means that no picture order count information is present. Mode 2 can be used if there are no B slices and no more than one consecutive non-reference frame in decoding order. 

3.2 Problem

POC mode 2 is targeted for the cases where the output order of pictures is the same as the decoding order of pictures. POC mode 2 is typically used in applications where the latency is minimized by disallowing reordering of pictures from the decoding order to the output order.The JVT standard allows that B slices are used in reference pictures and the reference pictures of a B slice are earlier than the B slice in output order. The current POC mode 2 cannot support these kinds of B slices.

POC is used to conclude the output order of pictures. Thus, it would be clean if a POC is derived for all pictures, even though no POC information was present in the coded data due to the use of POC mode 2. 
3.3 Proposal

We propose that POC mode 2 is modified as follows:

In POC mode 2, no POC information needs to be conveyed in the bitstream. Instead, POC can be derived according to frame number. In order to have a unique POC for each picture, nal_reference_idc shall not be 0 if POC mode 2 is in use.

Let PreviousFrameNum be the frame_num of the previous picture in decoding order. First, the FrameNumOffset is updated according to:

if ( picture is an IDR picture )
      FrameNumOffset = 0
else if (frame_num < PreviousFrameNum) 
      FrameNumOffset = FrameNumOffset + MaxFrameNum

Second, the AbsFrameNum is calculated according to:


AbsFrameNum = FrameNumOffset + frame_num

Then FramePicOrderCnt is calculated according to:


FramePicOrderCnt = AbsFrameNum << 1

If the top field precedes the bottom field in decoding order, TopPicOrderCnt equals FramePicorderCnt and BottomPicOrderCnt equals FramePicorderCnt+1. Else if the bottom field precedes the top field in decoding order, BottomPicOrderCnt equals FramePicorderCnt and TopPicOrderCnt equals FramePicorderCnt+1. Otherwise, both TopPicOrderCnt and BottomPicOrderCnt equal FramePicorderCnt.

4. idr pICTURE pOSTPONEMENT IN oUTPUT oRDER

4.1 Background

The decoupling of decoding order from the output order of pictures was approved to H.26L as a response of proposal Q15-K38. The intra picture postponement method proposed in Q15-K38 can be used to improve error resiliency in streaming applications. Figure 1 presents an example of the intra picture postponement method.
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Figure 1. A comparison of conventional coding and INTRA picture postponement.
Conventionally, an intra picture is coded immediately after a scene cut or as a response to an expired intra picture refresh period, for example. In the intra picture postponement method, an intra picture is not coded immediately after a need to code an intra picture arises, but rather a temporally subsequent picture is selected as an intra picture. Each picture between the coded intra picture and the conventional location of an intra picture is predicted from the next temporally subsequent picture. 

As Figure 4 shows, the intra picture postponement method generates two independent inter picture prediction chains, whereas conventional coding algorithms produce a single inter picture chain. It is intuitively clear that the two-chain approach is more robust against erasure errors than the one-chain conventional approach. If one chain suffers from a packet loss, the other chain may still be correctly received. In conventional coding, a packet loss always causes error propagation to the rest of the inter picture prediction chain. Q15-K38 contains simulation results verifying the expected error resiliency behavior.

In the JVT coding standard, a postponed INTRA picture is naturally an IDR picture. 

4.2 Problem

In the current draft standard (JVT-E146d37) the picture order count of an IDR picture is required to be 0 and the recovered picture order counts are required to be in the range of 0 to 232-1, inclusive. There are coding schemes, such as the intra picture postponement method presented in section 4.1 of this document, which require coding of pictures that succeed an IDR picture in decoding order but precede the IDR picture in output order. The current draft standard does not allow this.

(Note that the Klagenfurt output version of the draft standard did not have this problem, because the recovered picture order counts were signed values. Thus, pictures occurring after an IDR picture in decoding order but preceding it in output order had a negative picture order count.)

4.3 Proposal

Specify in subclause 8.2.2 of the standard that the coded stream shall not contain data that results in values of FramePicOrderCnt, TopPicOrderCnt, or BottomPicOrderCnt that exceed the range of values from –231 to 231-1, inclusive.

As a consequence, an IDR picture has picture order count 0, and pictures occurring after an IDR picture in decoding order but preceding it in output order have a negative picture order count.
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