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1 Introduction

Multiple Reference Frame prediction in current H.26L can increase coding efficiency and we should keep it. On the other hand it would be much costly in term of frame memory if the maximum number of Multiple Reference Frame has no restriction.

There is a conflict here between keeping shorter for the frame buffer and achieving better prediction, especially in the case AdditionalReferenceFrame is large as shown in ref 1. Sometimes it could be a few hundreds frames or even a few thousands frames.

There are many scenarios where video scenes appear in segment by segment or group by group. For example for news broadcasting case there are many news insertions in between the same newscaster, sometimes one newscaster, or sometimes two newscasters, as shown in Figure 1.

Another example is the sports scene, where similar kind of scenes in a group of pictures appears repeatly following by another group of scenes for a few seconds or even for a few minutes.

In order to balance between less frame buffer size and higher compression using multiple reference frames, a Restricted Multiple Reference Frame with Long Term Frame Buffer is proposed here in section 2. 

2.
Restricted Multiple Reference Frame with Long Term Frame Buffer

The basic idea here is to allocate several Long Term Frame Buffers, let’s say 3 buffers to store those representative scenes for different groups of the pictures, respectively, as shown in Figure 1.
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In Figure 1, there are three Long Term Frame Buffers, Long Term buffer1, Long Term Buffer2, and Long Term Buffer3 to use for storing the 1st frame of each group of pictures (boundary frames). There are three different groups of pictures shown as an example in this case.

If Long Term Buffer is introduced, Ref_Frame can be restricted to a small number, let’s say 5 for multiple reference frames prediction from the nearest five frames. In addition to the five multiple reference frame buffers, the three long term buffers are introduced to assist in far distance prediction no matter how far. 

The decoder will be informed which long term buffer is used for the prediction of the 1st frame of the group of pictures. Besides that every frame has to put flag to tell what I should do, predicting from multiple reference frames like current H.26L, or predicting from the long term buffer.

2.1 Solution in Picture Level 

If it is done in picture level, the possible syntax for picture header should be:

Table 1: Syntax for Picture_header with Long Term Buffer Flag

	Picture_header() {
	No. Of bits
	Notes

	        Picture_start_code
	32
	

	        Ref_frame
	5 
	Can be restricted to small value for low delay mode

	        if (Ref_frame != 0) {
	
	Multiple Reference Frames Prediction

	               Picture_type
	3
	

	               Store_long_term_buffer
	1
	0 is for no storing, 1 is for storing

	               if (Store_long_term_buffer == 1)
	
	Store this frame in long term buffer

	                          Long_term_buffer
	3
	000 for 1st buffer, 001 for 2nd buffer, …

	        }
	
	

	        else
	
	

	               Long_term_buffer
	3
	000 for 1st buffer, 001 for 2nd buffer, …

	      ……..
	
	

	
	
	


As shown in the Table 1, if Ref_frame is not zero, then Picture_type will be used in the same way as in TML, and in this case the flag of Store_long_term_buffer is used to set to either 0 or 1 to indicate whether the frame should be stored in long term buffer for far distance prediction.

Long_term_buffer will tell which buffer is used for storing or which buffer is used for prediction.

The possibility for the frame set to be stored in long term buffer could be the case when Picture_type is Intra. By using scene change detection technology, the coded frame could be selected as new type of the picture from the previous, then Store_long_term_buffer will be set to 1, otherwise it is always 0.

If Ref_frame is zero, then Long_term_buffer will tell the current frame should be predict from the long term buffer whose number is indicated by the Long_term_buffer, as shown in Table 4.

Ref_frame is the same as the current TML:

Table 2: Code_number for ref_frame 

	Code_number
	Reference frame

	1
	The most recent previous frame (1 frame back)

	2
	2 frames back

	3
	3 frames back

	…
	…


Picture_type is the same as the current TML, as shown in Table 3.

Table 3: Code_number for Picture_type 

	Code_number
	Picture Type

	0
	Inter picture with prediction from the most recent decoded picture only

	1
	Inter picture with possibility of prediction from more than one previous decoded picture.  For this mode information reference picture for prediction must be signalled for each macroblock

	2
	Intra picture

	3
	B picture with prediction from the most recent previous decoded and subsequent decoded pictures only.

	4
	B picture with possibility of prediction from more than one previous decoded picture and subsequent decoded picture.  When using this mode, information reference frame for prediction must be signaled for each macroblock


Table 4: Code_number for Long Term Buffer

	Code_number
	

	0
	The 1st long term buffer

	1
	The 2nd long term buffer

	2
	The 3rd long term buffer

	3
	The 4th long term buffer

	4
	The 5th long term buffer

	5
	The 6th long term buffer

	6
	The 7th long term buffer

	7
	The 8th long term buffer


2.2
Solution in Sequence or Group of Pictures Level
If we can use group of pictures and put the flag for the boundary of the group of pictures in the header of the GOP, it would save bits compared to the solution in picture level.

As shown in Table 5 for the possible syntax for GOP header, such flags: Store_long_term_buffer and Use_long_term_buffer are used to indicate that the 1st frame of the group of the pictures needs to be stored in the long term buffer after encoding, or it needs to use stored picture in the long term buffer for prediction.

Store_long_term_buffer: 0 is for not storing and 1 is for storing.

Use_long_term_buffer: 0 is for not using and 1 is for using.

After the 1st frame is encoded, the rest of the frames in the group will be coded in the same way as in the current TML.

The possible syntax for GOP header will be:

Table 5: Syntax for GOP Header with Long Term Buffer Flag

	group_of_pictures_header() {
	No. Of bits
	Notes

	        GOP_start_code
	32
	

	               Store_long_term_buffer
	1
	0 is for not storing, 1 is for storing

	               if (Store_long_term_buffer == 1)
	
	 

	                       Long_term_buffer
	3
	000 is the 1st buffer, 001 is 2nd  , ….

	               Use_long_term_buffer
	1
	0 is for not using, 1 is for using

	               if (Use_long_term_buffer == 1)
	
	 

	                       Long_term_buffer
	3
	000 is the 1st buffer, 001 is 2nd , ….. 

	
	
	


The Code_number for Long Term Buffer is shown in Table 6.

Table 6: Code_number for Long Term Buffer

	Code_number
	

	0
	The 1st long term buffer

	1
	The 2nd long term buffer

	2
	The 3rd long term buffer

	3
	The 4th long term buffer

	4
	The 5th long term buffer

	5
	The 6th long term buffer

	6
	The 7th long term buffer

	7
	The 8th long term buffer


The syntax for Picture_type without flag for Long Term buffer is shown in Table 7.

Table 7: Syntax for Picture_header without Long Term Buffer Flag

	Picture_header() {
	No. Of bits
	Notes

	        Picture_start_code
	32
	

	        Ref_frame
	5 
	Can be restricted to small value for low delay mode

	        Picture_type
	3
	

	        
	
	


As shown in Table 7, the Store_long_term_buffer and Long_term_buffer flag are removed from Table 1. There are bits saving for either 1, 4, or 3 bits every frame if compared Table 1 with Table  7. 

It is not reasonable to use the flag of Store_long_term_buffer in every frame since there are many frames in each group which are not supposed to be stored in long term buffer. But if the solution is done in picture level, it has to include Store_long_term_buffer in every frame.

Ref_frame is the same as the current TML:

Table 8: Code_number for ref_frame 

	Code_number
	Reference frame

	1
	The most recent previous frame (1 frame back)

	2
	2 frames back

	3
	3 frames back

	…
	…


Code_number for Picture_type is the same as in TML as shown in Table 9.

Table 9: Code_number for Picture_type 

	Code_number
	Picture Type

	0
	Inter picture with prediction from the most recent decoded picture only

	1
	Inter picture with possibility of prediction from more than one previous decoded picture.  For this mode information reference picture for prediction must be signalled for each macroblock

	2
	Intra picture

	3
	B picture with prediction from the most recent previous decoded and subsequent decoded pictures only.

	4
	B picture with possibility of prediction from more than one previous decoded picture and subsequent decoded picture.  When using this mode, information reference frame for prediction must be signaled for each macroblock


3 Discussion and Conclusion

As shown in the above syntax for the two solutions, it is reasonable to use the solution in the level of group of pictures in term of the concept for using long term buffer and the bit saving.

The concept of long term buffer is very useful for many application scenarios. Introducing the concept in encoding can increase coding efficiency.

It is suggested that the syntax either from the solution in GOP (group of pictures) level or the solution from the picture level should be considered to introduce for better compression for many applications.  
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Figure 1 Illustration of Long Term Buffer for Storing the 1st frame as the Representative for Each Group of Pictures
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