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1 Introduction

In this contribution, in order to improve coding efficiency of H.264/MPEG-4 AVC [1] (H.264) for inter-prediction, Second Order Prediction (SOP) technique is investigated.

A Second Order Prediction scheme [1] based on the inter prediction was introduced in the Shenzhen meeting. This document presents an improved scheme of Second Order Prediction, with averagely 7.73% BD bitrate [3] saving among HD sequences with the KTA common testing conditions [4].
2 Second Order Prediction 

H.264 inter prediction employs a motion-compensated prediction model. It is vital for the conventional inter-prediction scheme to generate a proper predicted block from other available reconstructed frames for the current block if high coding efficiency is desired.

2.1 Second Order Prediction
The SOP applies prediction to residues of the current inter-prediction scheme. Correspondently, if a macroblock is indicated as a SOP marcroblock, the reconstructed pixel-values of this marcroblock is generated as:

Reconstructed pixel-value =

Motion-compensated prediction (first-predictor) + prediction of First Order Residues (second-predictor) + Second Order Residues (need to be coded)
The first prediction of SOP is the traditional inter-prediction of H.264, while the second prediction uses intra-prediction modes of H.264.
Reference generation of the second prediction
Here the second prediction in SOP takes 4x4 block as its prediction unit, accordingly, the transform block size of second-order residues is fixed to 4x4.
For a 4x4 block, the positions of reference pixels are just the same as those of 4x4 intra-prediction of H.264. But the reference value of those positions should be generated by the following procedure. 
Assume the position of the upper-left corner of current block is (x,y), while the positions of the reference of second prediction is shown with colored squares in Figure 1. Taking the reconstructed samples from adjacent luma blocks at input, the reference of the second prediction is produced as follows:
a) Get reconstructed pixel values named R at the positions of (x+dx, y+dy) within the current frame, where dx is integer within [-1, 2*(BLOCKSIZE-1)] when dy = -1, and dy is integer within [-1, (BLOCKSIZE-1)] when dx = -1; here BLOCKSIZE=4;
b) Get reconstructed pixel values named R1 at the positions of (x+dx+mv_x，y+dy+mv_y) in the reference picture with reference index ref1, where dx is integer within [-1, 2*(BLOCKSIZE-1)] when dy = -1, and dy is integer within [-1, (BLOCKSIZE-1)] when dx = -1, here BLOCKSIZE=4; mv_x, mv_y and ref1 are the motion verctor and reference index of the current m x n block;
c) Difference between R and R1 becomes the Reference of the First-order Residue (RFR):  RFR(x+dx, y+dy) = R(x+dx, y+dy) - R1（x+dx+mv_x, y+dy+mv_y）  
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 Figure 1. Reference of the second prediction of SOP
The second prediction
Second-predictor of the current block is produced in this procedure. Nine 4x4 intra prediction modes of H.264 Baseline profile are used as Second Prediction Modes. In the second prediction, the second predictor, i.e. Prediction of First-order Residue (PFR) is derived from the RFR with one of the 9 4x4 intra-prediction modes, in the way that defined in H.264.
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Figure 2. Eight directional prediction applied in the second prediction of SOP
2.2 Syntax of Second Order Prediction
Indicator of SOP
The following syntax is used for SOP. An SOP_Flag indicates the usage of SOP at macroblock level.

	macroblock_layer( ) { 
	C 
	Descriptor 

	Mb_type 
	2 
	ue(v) | ae(v) 

	SOP _Flag
	2
	f(1)

	if( mb_type 
	== 
	I_PCM ) { 
	
	

	while( !byte_aligned( ) ) 
	
	

	pcm_alignment_zero_bit 
	2 
	f(1) 

	for( i = 0; i < 256; i++ ) 
	
	

	pcm_sample_luma[ i ] 
	2 
	u(v) 

	for( i = 0; i < 2 * MbWidthC * MbHeightC; i++ ) 
	
	

	pcm_sample_chroma[ i ] 
	2 
	u(v) 

	} else { 
	
	

	noSubMbPartSizeLessThan8x8Flag = 1 
	
	

	if( mb_type != I_NxN && 
	
	

	MbPartPredMode( mb_type, 0 ) != Intra_16x16 && 
	
	

	NumMbPart( mb_type ) = = 4 ) { 
	
	

	sub_mb_pred( mb_type ) 
	2 
	

	for( mbPartIdx = 0; mbPartIdx < 4; mbPartIdx++ ) 
	
	

	if( sub_mb_type[ mbPartIdx ] != B_Direct_8x8 ) { 
	
	

	If( NumSubMbPart( sub_mb_type[ mbPartIdx ] ) > 1 )
	
	

	noSubMbPartSizeLessThan8x8Flag = 0 
	
	

	} else if( !direct_8x8_inference_flag ) 
	
	

	noSubMbPartSizeLessThan8x8Flag = 0 
	
	

	} else { 
	
	

	if( transform_8x8_mode_flag && mb_type = = I_NxN ) 
	
	

	transform_size_8x8_flag 
	2 
	u(1) | ae(v) 

	mb_pred( mb_type ) 
	2 
	

	} 
	
	

	if( MbPartPredMode( mb_type, 0 ) != Intra_16x16 ) { 
	
	

	coded_block_pattern 
	2 
	me(v) | ae(v) 

	if( CodedBlockPatternLuma > 0 && 
	
	

	transform_8x8_mode_flag && mb_type != I_NxN && 
	
	

	noSubMbPartSizeLessThan8x8Flag && 
	
	

	( mb_type != B_Direct_16x16 || direct_8x8_inference_flag ) ) 
	
	

	transform_size_8x8_flag 
	2 
	u(1) | ae(v) 

	} 
	
	

	if( CodedBlockPatternLuma > 0 | | CodedBlockPatternChroma > 0 || MbPartPredMode( mb_type, 0 ) = = Intra_16x16 ) {
	
	

	mb_qp_delta 
	2 
	se(v) | ae(v) 

	residual( ) 
	3 | 4 
	

	}
	
	

	} 
	
	

	if(SOP_ Flag == 1 ) {
	
	

	  for (i=0; i<number_of_macroblock_partitions (mbtype); i++) {
	
	

	    Most_Probable_Second_Prediction_Mode_Flag
	2
	f(1)

	    If (Most_Probable_Second_Prediction_Mode_Flag == 0) {
	
	

	       Second_Prediction_Mode
	2
	f(3)

	       }
	
	

	     }
	
	

	  }
	
	

	} 
	
	


Mode Indicator of the Second Prediction Mode 
A Second Prediction Mode is calculated for each macroblock partition, i.e., the Second Prediction Mode at least covers area of an 8x8 luminance block, according to the macroblock-level partition in motion-compensated prediction, the first prediction. In another words, the number of mode indicators needs for Second Prediction Mode in one macroblock is the same as the number of macroblock partitions of that macroblock.
	mb_type
	Number of macroblock partitions (mb_type)

	P_16x16
	1

	P_16x8
	2

	P_8x16
	2

	P_8x8
	4


The following procedure explains the decoding of the Second Prediction Mode of each macroblock partition:

a) Directional operator is applied on the first-predictor of the current partition to get the Most Probable Second Prediction Mode.
b) If the Most_Probable_Second_Prediction_Mode_Flag is set, the Second Prediction Mode of the current partition is equal to the Most Probable Second Prediction Mode; otherwise, an additional 3 bits should be parsered from the bit stream to obtain the Second Prediction Mode. This procedure is the same as the intra prediction mode decoding in H.264.
2.3 Encoding procedure of SOP
A macroblock is selected to use or not use SOP under Rate-Distortion Optimization criteria. The encoding procedure can be seen in the followed figure: 
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Figure 3. Macroblock-level encoding procedure of SOP
(The decision of Second Prediction Mode is done in the part of second prediction)

3 Simulation Results 
Experimental results of SOP are conducted based on common test conditions (High Profile) recommendation for coding efficiency experiments. The encoder configurations are as follows: 

JM10.1

IPPP... (Only the first frame is I frame)

Rate-Distortion Optimization ON
QP of I: 22, 27, 23, 27

QP of P: 23, 28, 33, 38

CAVLC ON
8x8 Transform OFF
RDPictureDecision = 0

Other test conditions are the same with that mentioned in VCEG-AH10[4].

Table 1. Test Result of SOP
	QCIF Sequences
	BD-BitRate Saving (%)
	CIF Sequences
	BD-BitRate Saving (%)
	HD Sequences
	BD-BitRate Saving (%)

	container (300)
	3.71
	tempete (260)
	2.16
	Big Ships (150)
	6.32

	foreman (300)
	5.04
	paris (300)
	0.74
	Crew (150)
	10.24

	silent (300)
	2.44
	Mobile (300)
	0.84
	City (150)
	8.28

	
	
	foreman(300)
	4.77
	Night (150)
	3.55

	
	
	
	
	Shuttle Start (150)
	10.28

	QCIF Average
	3.73
	CIF Average
	2.13
	HD Average
	7.73

	Total Average
	4.86


4 Conclusion
In this contribution, a Second Order Prediction (SOP) scheme for P slice is proposed and implemented in JM10.1. Simulations show that, referred to the KTA common test conditions, this technique can provide averagely 4.86% BD bitrate saving for IPPP… coding, and 7.73% BD bitrate saving among HD sequences.
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