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Abstract

This contribution introduces an intra prediction method combining two AVC based intra prediction (BIP: Bi-directional Intra Prediction) and combinations of pre-defined 1-D transforms depending on the intra prediction direction (1DDUT: 1 Dimensional Directional Unified Transform).  BIP and DUT were included in the CfP submission of JCTVC-A117 [1].  1DDUT is an improvement of DUT to increase the BD-rate gain.

A test was conducted under the test condition of the Transform AHG.  For I slice only coding structure, the average BD-rate gain is 3.72% for BIP, 5.64% for 1DDUT and 8.76% for the combination of BIP and 1DDUT. For CS1 coding structure, the average BD-rate gain is 2.06% for BIP, 2.35% for 1DDUT and 4.16% for the combination of BIP and 1DDUT.
1 Introduction
1.1 Bi-directional Intra Prediction (BIP)

This contribution proposes to add bidirectional intra prediction (BIP) to the AVC intra-frame prediction for luminance.  BIP consists of two technologies, the weighted bidirectional prediction (WBP) and the adaptive sub-block coding order (ASCO) [1][2].
WBP

WBP (Weighted Bidirectional Prediction) combines two AVC intra-frame predictions results by a weighted sum according to the distance between predicted pixel and pixel(s) used for prediction.  By combining two predictions, it is expected to predict multi-directional texture and reduce the coding noise of the reference pixels.  Figure 1 depicts an example of weighted sum of two AVC intra-frame predictions.


[image: image1]
Figure 1  An example of weighted sum of two AVC intra-frame prediction

ASCO

ASCO (Adaptive Sub-block Coding Order) adds reverse coding order of luminance sub-block in a parent prediction unit s shown in Figure 2.  By applying the reverse coding order, although the first coded sub-block(sub-block D) might be degraded because the distance of coding pixel and reference pixel(s) increases, coding efficiency of other sub-blocks would be improved since bi-directional prediction from down/up (sub-block B) or right/left (sub-block C) or surrounding prediction from down/up/right/left (sub-block A) becomes available.
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Figure 2  Reverse coding order of luminance sub-block

There are three categories of intra prediction in this proposal.  The first one is the conventional AVC intra prediction mode.  The second one is the raster coding order mode that contains AVC intra prediction modes and WBP modes, with the conventional raster sub-block coding order.  The third one is the reverse coding order mode that is similar to the raster coding order mode but reverses the sub-block coding order as shown in Figure 2.

1.2 1 Dimensional Directional Unified Transform (1DDUT)

Since the statistics of the residual signal of intra prediction depends on the prediction direction and is different from each other, it is desirable to define a specific transform for an intra prediction direction.  This results in defining a number of transforms according to the number of intra prediction directions, which may have an impact on a certain implementation.

This contribution proposes to use combinations of two 1D transforms (type A and B) that are pre-defined based on the Karhunen-Loeve basis.  In addition, an adaptive scan for transform coefficients is used.

Table 1 shows the relationship between the intra prediction modes and transform basis.

Table 1  Relationship between the AVC intra prediction modes and transform basis
	Prediction mode
	Vertical 1D Transform
	Horizontal 1D Transform

	0
	B
	A

	1
	A
	B

	2
	DCT
	DCT

	3
	B
	A

	4
	B
	B

	5
	B
	B

	6
	B
	B

	7
	B
	A

	8
	A
	B


1.3 Combination of BIP and IDDUT
Since intra prediction and transform are closely related in terms of coding efficiency, there is a possibility of overlapping for coding efficiency improvement.  In order to verify the efficiency of the combination, this proposal expands the mapping of 1DDUT to newly added modes of intra prediction so that the transform type is selected according to the dominant prediction direction.

2 Experimental results
JM11.0KTA2.6r1 [3] is used in this simulation.  BIP and 1DDUT are implemented additionally. All CfP sequences are tested, however the number of frames is reduced to about 2 seconds in order to reduce the simulation time.  The test condition follows that of Transform AHG basically.  The following KTA tools are turned on; MVC, HPF, ExtMB and QALF. BD-PSNR (ΔBitrate [%]) is measured according to BJM add-in proposed by VCEG-AE07 [4].
The table 2 shows the experimental results of BIP, 1DDUT and the combination.  The bitrate reduction of BIP compared to the anchor is 3.72% (I-only) and 2.06% (CS1) on average.  And the bitrate reduction of 1DDUT compared to the anchor is 5.64% (I-only) and 2.06% (CS1) on average.  Moreover, the bitrate reduction of combination of BIP and 1DDUT is 8.76% (I-only) and 4.16% (CS1) on average.  It means that the loss of combination of BIP and 1DDUT is about 0.6% or less, and it’s shown that a well-balanced and promising gain could be achieved.

Table 2  ΔBitrate of BIP, 1DDUT and these combinations for I-only and Hierarchical B structure 
	Categories
	Sequences
	Hierarchical B structure (CS1)
	I-only structure

	
	
	BIP
	1DDUT
	BIP
+1DDUT
	BIP
	1DDUT
	BIP
+1DDUT

	Class A
	PeopleOnStreet
	3.03 
	6.63 
	9.26 
	1.33 
	2.59 
	3.13 

	
	Traffic
	3.86 
	5.55 
	9.12 
	3.42 
	3.22 
	6.28 

	Class B
	BQTerrace
	4.64 
	6.29 
	10.15 
	2.46 
	2.78 
	5.16 

	
	BasketballDrive
	5.90 
	7.40 
	12.14 
	2.63 
	3.80 
	6.06 

	
	Cactus
	3.44 
	5.36 
	8.37 
	2.38 
	2.71 
	4.73 

	
	Kimono1
	5.78 
	8.26 
	13.08 
	2.04 
	3.02 
	4.81 

	
	ParkScene
	4.91 
	4.34 
	9.25 
	3.42 
	2.44 
	5.81 

	Class C
	BQMall
	3.91 
	5.50 
	8.66 
	2.08 
	1.77 
	3.37 

	
	BasketballDrill
	3.14 
	5.46 
	7.97 
	2.45 
	2.65 
	4.92 

	
	PartyScene
	2.99 
	3.58 
	5.86 
	1.73 
	1.66 
	3.17 

	
	RaceHorses
	2.23 
	3.45 
	5.36 
	1.06 
	1.47 
	2.40 

	Class D
	BQSquare
	2.77 
	4.55 
	6.49 
	1.46 
	1.98 
	2.90 

	
	BasketballPass
	3.95 
	4.30 
	8.04 
	2.20 
	2.03 
	4.06 

	
	BlowingBubbles
	3.22 
	3.88 
	6.56 
	1.23 
	1.50 
	2.69 

	
	RaceHorses
	2.89 
	4.25 
	6.56 
	1.09 
	1.62 
	2.83 

	Class E
	vidyo1
	3.06 
	7.54 
	9.76 
	N/A

	
	vidyo3
	3.01 
	8.06 
	10.62 
	

	
	vidyo4
	4.26 
	7.09 
	10.39 
	

	Class A Average
	3.45 
	6.09 
	9.19 
	2.38 
	2.90 
	4.71 

	Class B Average
	4.93 
	6.33 
	10.60 
	2.59 
	2.95 
	5.32 

	Class C Average
	3.07 
	4.50 
	6.96 
	1.83 
	1.89 
	3.46 

	Class D Average
	3.21 
	4.24 
	6.91 
	1.50 
	1.78 
	3.12 

	Class E Average
	3.44 
	7.56 
	10.26 
	N/A

	Total Average
	3.72 
	5.64 
	8.76 
	2.06 
	2.35 
	4.16 


3 Conclusions
In this contribution, BIP and 1DDUT are proposed to improve the coding efficiency for intra coding.  The simulation results show the average BD-rate gain of 3.72% for BIP, 5.64% for 1DDUT and 8.76% for the combination, which means that these tools have small overlap in terms of coding efficiency.
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Annex

5 Tool description

5.1 Bi-directional Intra Prediction (BIP)

Bi-directional Intra Prediction (BIP) is a spatial prediction scheme for intra coding.  The concept of BIP consists of two features.  One is the use of a weighted bidirectional prediction (WBP) that combines two kinds of intra prediction modes at each sub-block.  WBP has additional 8 bidirectional intra prediction modes compared with AVC.  The other feature is the adaptive sub-block coding order (ASCO), which means the selection of the sub-block coding order (the conventional raster order or the reverse order) in a parent prediction unit. 
5.2 1Dimensional Directional Unified Transform (1DDUT)

1 Dimensional Directional Unified Transform (1DDUT) is a spatial transform scheme for intra coding.  1DDUT has additional two 1D directional transform matrices (type A and B) compared with AVC.  The transform matrices are pre-determined.  Three combinations (AB, BA, BB) of these two 1D directional transform matrices are also pre-determined each intra prediction mode.  After intra prediction, the residual signal is transformed using pre-determined set of 1D directional transform matrices each prediction mode.  And transform coefficients are converted into 1D signals from 2D signals according to the adaptive coding scan, which is a same as the scheme of MDDT.




























































































































































































































































































































































Mode 0 (N)





Mode 3 (NE)





( w[x,y] *               +(128-w[x, y]) *                        +64 ) >> 7 
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(b) Sub-block size = 4x4
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(a) Sub-block size = 8x8









Page: 4
Date Saved: 2010-07-16

