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1 Introduction

Reference picture buffer is controlled by using memory management control operation (MMCO). As the mismatch of reference picture buffer cause the significant picture degradation, MMCO commands is one of the most important information of the header.

In JVT CD, some MMCO commands can be sent repeatedly to protect from an unintentional data loss. However, MMCO “reset” commands cannot be sent repeatedly. Further more, MMCO commands always executed after decoding of the current picture.

In this contribution, we propose additional MMCO commands to improve the error robustness, which includes a new “reset” which can be sent repeatedly and new MMCO commands executable before decoding of the current picture.

2 Problems of MMCO

2.1 MMCO “reset” command

MMCO “reset” command does not carry any information to indicate target frame number. Therefore, “reset” should be applied only to the current picture. Figure 1 shows a first bit stream example. All B-pictures are not stored pictures.

If I10 picture includes “reset”, all stored picture except the current decoded picture I10 are removed from the reference picture buffer. Therefore, the reference picture buffer contains the decoded picture as shown in Table 1.

It is clear that “reset” cannot be sent repeatedly for error robustness, because the repeated “reset” following I10 picture remove I10 picture from the reference picture buffer.
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Figure 1 First bit stream example.

Table 1 Decoded pictures in the reference picture buffer of first bit stream.

	Current decoding picture
	Decoded pictures of the reference picture buffer

	B11
	I10

	B12
	I10

	P13
	I10

	B14
	I10, P13

	B15
	I10, P13


2.2 Repeat MMCO command

Figure 2 shows another bit stream example, which includes stored B-pictures. Table 2 shows the contents in a reference picture buffer and MMCO commands without MMCO commands repetition. As B3 picture and B4 picture are non-stored pictures, they should be marked as “unused” by MMCO commands. B2 picture should be marked as “unused” at P5 picture, because CD prohibits remove the stored pictures except the current picture if the current picture is non-stored and the stored pictures have not been marked as “unused”.

If MMCO sent with P5 picture is lost by an unintentional data loss, B2 picture has stayed in the reference picture buffer while the following pictures are decoded. To prevent this error propagation, CD allows using the same MMCO commands repeatedly as shown in Table 3. “unused” B2 picture can be sent at B6 picture. Even if P5 picture may be lost, as B2 picture is marked as “unused” at B6 picture, the error propagation caused by mismatch of number of stored picture can be stopped.

However, as MMCO commands are executed after decoding the current picture, B2 picture is still in the reference picture buffer during B6 picture decoding.
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Figure 2 Second bit stream example.

Table 2 Contents in a reference picture buffer and MMCO commands (without repetition).

	Current decoding picture
	Decoded pictures of the reference picture buffer
	MMCO command

	I0
	
	

	P1
	I0
	

	B2
	I0, P1
	

	B3
	I0, P1, B2
	unused B3

	B4
	I0, P1, B2, B3
	unused B4

	P5
	I0, P1, B2, B3, B4
	unused B2

	B6
	I0, P1, P5
	

	B7
	I0, P1, P5, B6
	unused B7


Table 3 Contents in a reference picture buffer and MMCO commands (with repetition).

	Current decoding picture
	Decoded pictures of the reference picture buffer
	MMCO command

	I0
	
	

	P1
	I0
	

	B2
	I0, P1
	

	B3
	I0, P1, B2
	unused B3

	B4
	I0, P1, B2, B3
	unused B4

	P5
	I0, P1, B2, B3, B4
	unused B2

	B6
	I0, P1, P5
	unused B2

	B7
	I0, P1, P5, B6
	unused B7


3 Proposed solutions 

To solve the problems described in section 2, “reset” MMCO command is modified and MMCO commands executable before decoding the current picture are newly introduced.

If decoder detects the frame number that “reset” command was sent, the decoder can calculate how many pictures should stay in the reference picture buffer and decide which picture should be marked as “unused”. So, by sending “reset” command repeatedly, the mismatch of number of stored picture in the reference picture buffer can be corrected.

Proposed modification to “reset” commands is only adding an associated data filed, difference_of_pic_nums. If difference_of_pic_nums is equal to 0, semantics of “reset” command is the same as CD. If difference_of_pic_nums is greater than 0, it means that “reset” command was sent at the picture whose frame number was smaller than the current frame number by difference_of_pic_nums.

When the first sent command is lost by an unintentional data loss, the picture with the repeated command can be decode by referring the reference picture buffer which includes correct number of stored picture if repeated MMCO command is executed before decoding. That is, the damage of decoded picture can be reduced. For example, assume that MMCO command is sent repeatedly as shown in Table 3. If P5 picture is lost, B2 picture is marked as “unused” at B6 picture after decoding B6 picture. If “repeat unused” B2 picture is sent at B6 picture as shown in Table 4, the error of B6 picture of this case is smaller than that of B6 picture of CD case as B2 picture is marked as “unused” before decoding B6 picture.

Table 4 Contents in a reference picture buffer and MMCO commands (with repetition).

	Current decoding picture
	Decoded pictures of the reference picture buffer
	MMCO command

	I0
	
	

	P1
	I0
	

	B2
	I0, P1
	

	B3
	I0, P1, B2
	unused B3

	B4
	I0, P1, B2, B3
	unused B4

	P5
	I0, P1, B2, B3, B4
	unused B2

	B6
	I0, P1, P5
	repeat unused B2

	B7
	I0, P1, P5, B6
	unused B7


4 Proposed revised text 

Table 8-9 – Memory management control operation (memory_management_control_operation) values

	Code Number
	Memory Management Control Operation
	Associated Data Fields Following

	0
	End memory_management_control_operation Loop
	None (end of RPS layer)

	1
	Mark a Short-Term Frame as “Unused”
	difference_of_pic_nums

	2
	Mark a Long-Term Frame as “Unused”
	long_term_pic_index

	3
	Assign a Long-Term Index to a Frame
	difference_of_pic_nums and long_term_pic_index

	4
	Specify the Maximum Long-Term Frame Index
	max_long_term_pic_index_plus1

	5
	Reset
	difference_of_pic_nums

	6
	Mark a Short-Term Frame as “Unused” (repeated)
	difference_of_pic_nums

	7
	Mark a Long-Term Frame as “Unused” (repeated)
	long_term_pic_index

	8
	Assign a Long-Term Index to a Frame (repeated)
	difference_of_pic_nums and long_term_pic_index



8.4.4.1 Memory management control operation (memory_management_control_operation)

If memory_management_control_operation is Reset and it follows zero value in the associated data field, all frames in the multi-frame buffer (but not the current frame unless specified separately) shall be marked “unused” (including both short-term and long-term frames). Moreover, the maximum long-term frame index shall be reset to zero. If memory_management_control_operation is Reset and it follows non-zero value in the associated data field, it indicates that Reset was sent at the previous picture whose frame number is specified by difference_of_pic_num.
If memory_management_control_operation is repeated command, the same operation shall be indicated in the previous picture. Therefore, if the same operation has not indicated yet, decoder should treat as the previous operation was lost by an unintentional data loss. Decoder may apply memory_management_control_operation before decoding the current picture in this case.
5 Conclusion

By introducing a new “reset” which can be send repeatedly and new MMCO commands which indicates these commands were sent repeatedly, decoder can improve the ability of error concealment. Therefore we propose to incorporate this modification into FCD.
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