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Abstract

This contribution presents the detailed experimental results of Bidirectional Intra Prediction (BIP) for Tool Experiment 6 on intra prediction improvement.  BIP was included in the CfP submission of JCTVC-A117 and was proposed in the contribution of JCTVC-B042 at JCT-VC Geneva meeting. 

In this document, the experimental results in TMuC software under the common test condition defined by JCTVC-B300 are reported.  For I slice only coding structure, the average BD-rate gain is 2.1% on low complexity condition and 2.3% on high efficiency condition without increase of the encoding time and the decoding time.

1 Bidirectional Intra Prediction

Bidirectional intra prediction (BIP) was firstly proposed at VCEG meeting [1], and the improvement of BIP were reported in [2].  At the last JCTVC meeting, the experimental results based on Intra AHG in HEVC were reported in JCTVC-B042 [3]. 
1.1  Algorithm description

BIP consists of two technologies, the weighted bidirectional prediction (WBP) and the adaptive sub-block coding order (ASCO) [1][2][3].
WBP (Weighted Bidirectional Prediction) combines two unidirectional intra predictions results by a weighted sum according to the distance between the predicted pixel and the reference pixel(s) used for prediction.  These unidirectional intra predictions are based on Unified Intra Prediction (UIP) [4] integrated in current TMuC software. 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 unidirectional intra predictions.
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Figure 1  An example of weighted sum of two unidirectional intra prediction

ASCO (Adaptive Sub-block Coding Order) is a technique of adding the reverse coding order of luminance sub-block in a parent prediction unit.  In the coding tree block structure (CTB) in the current TMuC software, the coding order of sub-blocks is determined by whether the coding unit (CU) is split or not. Moreover, since the residual quad-tree coding for transform coefficients is integrated, the coding order of the prediction unit (PU) is also determined by whether the transform unit (TU) is split or not. If ASCO is integrated in the current TMuC software, the other type of PU and TU, which have the different coding order, must be introduced.  That means to need the complicated encoding algorithms and causes increase of the encoder complexity significantly.  Therefore ASCO is not included in this proposal.

1.1.1 Specification of intra prediction mode

The proposed intra prediction has the unidirectional intra prediction modes (UIP modes) and bidirectional intra prediction modes (BIP modes), and one intra prediction mode is selected for each PU.

Table 1 shows the number of UIP modes, BIP modes and total modes for each PU size. BIP modes are added when PU size is from 4x4 to 32x32.  Table A-1 to A-3 specifies the details of intra prediction mode set. When the PU size is 2x2, 64x64 or 128x128, the prediction mode set is same as UIP (unidirectional only).  
Table 1  Number of intra prediction mode for each PU size
	PuSize
	Number of 

UIP modes

(IntraUniModeNum)
	Number of 

BIP modes
	Total Number of pred. modes

	
	
	
	

	PU_2x2
	3
	0
	3

	PU_4x4
	17
	8
	25

	PU_8x8
	33
	16
	49

	PU_16x16
	33
	16
	49

	PU_32x32
	33
	16
	49

	PU_64x64
	5
	0
	5

	PU_128x128
	5
	0
	5


1.1.2 Derivation of the bidirectional prediction samples
In this clause, a derivation process of the bidirectional prediction samples is explained.  This process was basically described in [2].

The sample in the bidirectional prediction at pixel position (n), predBi[n], is derived from the following equation:

predBi[n] = ( w[n] * predL0[n] + ((1<<w_shift) - w[n]) * predL1[n] + (1<<(w_shift-1))) >> (w_shift)
where predL0[n] and predL1[n] are the samples in the two unidirectional prediction, and w[n] is the weighting list for predL0[n] according to the sample position (n). w_shift shows the precision of the weighting list. The weighting list w[n] is derived from the following process.

Firstly, two indices, prdIdxL0 and prdIdxL1 corresponding to predL0[n] and predL1[n], are derived from the following equation:

prdIdxL0 = MappedBi2Uni [LIST_0][intraPredMode - IntraUniModeNum]

prdIdxL1 = MappedBi2Uni [LIST_1][intraPredMode - IntraUniModeNum]
where intraPredMode is the BIP mode selected in the current PU, and IntraUniModeNum is number of UIP mode shown in Table 1.  MappedBi2Uni is specified in Table A-4.  This derivation process occurs once in a PU. 

Secondly, a difference (diffDist) of distance between prdIdxL0 and prdIdxL1 is derived from the following equation for each pixel:

diffDist = DistTable[prdIdxL0][n] - DistTable[prdIdxL1][n] + (PU_SIZE<<1) - 1,

where, DistTable is a table which specifies the distance depends on the prediction direction prdIdxLX, and target pixel position n. Table A-5 shows an example of DistTable for PU_4x4.  For example, PU_SIZE is replaced by "4" for PU_4x4, PU_SIZE is replaced by "8" for PU_8x8, and PU_SIZE is replaced by "M" for PU_MxM in general,
Finally, the weighting list w[n] is derived from the following equation for each pixel:

w[n] = WeightTable[diffDist]

where, WeightTable is a table which converts to the weighting coefficient from diffDist.  Table A-6 shows an example of WeightTable for PU_4x4.
1.1.3 Coding of intra prediction mode

The selected intra prediction mode from the UIP and BIP modes are coded based on luma_pred_mode_code_type, which specifies the coding type for intra prediction mode as shown in Table 2. It shows that the prediction mode is most probable mode (MPM) when luma_pred_mode_code_type is equal to 0, and one of the UIP modes except MPM when luma_pred_mode_code_type is equal to 1.  Alternatively it shows that the prediction mode is one of BIP modes when luma_pred_mode_code_type is equal to 2.  

MPM is derived in a similar fashion as [6] except the case that the neighbor PU uses one of the BIP modes.  In this case, the lower number mode out of two UIP modes of the BIP mode is used.

In this table, S means the number of FLC bits for the rest of UIP modes, and T means the number of FLC bits for the BIP modes.  S and T set to 3 for PU_4x4, and 4 for PU_8x8 to PU_64x64.
Table 2  Associated names of luma_pred_mode_code_type

	luma_pred_mode_code_type
	Name of luma_pred_mode_code_type
	Prefix bins
	Suffix bins

	0
	UIP MostProbable Mode
	00
	--

	1
	Rest of UIP Modes
	01

10
	S bits FLC

S bits FLC

	2
	BIP Modes
	11
	T bits FLC


1.1.4 Filter strength of deblocking filter 

BIP performs the bidirectional weighted prediction, which is similar to bidirectional prediction for B slice. The process of weighted averaging of two unidirectional predictions may be a kind of filtering process for reference pixels. When BIP mode is selected in the PU, since the deblocking filter with the same filter strength as UIP mode is applied, BD-rate may decrease due to over-filtering. As this over-filtered block is used as reference pixels for inter prediction, the prediction error is drifted to the continuous frame. Then, when the BIP mode in the current PU or neighboring PU is selected, the filter strength for deblocking filter is weakened compared with the UIP mode as shown in [2].

1.2  Combination of the other intra prediction tools

In the current TMuC software, several intra prediction tools are integrated, such as CIP (Combined Intra Prediction), AIS (Adaptive Intra Smoothing), PP (Planar Prediction), and EBP (Edge-Based Prediction). Considering the combination with BIP and the other tools, AIS and EBP are turned off.  As the described in above section 1.1.4, the process of weighted averaging of two unidirectional predictions is similar to filtering process for reference pixels.  Combination with BIP and AIS may cause over-filtering.  Moreover, BIP decides the weighting table according to each direction of unidirectional prediction.  However, the prediction direction of EBP is not pre-defined to calculate it as the decoding process.  Then BIP cannot decide which weighting tables should be selected, when EBP mode is selected as a unidirectional prediction of BIP mode.  CIP and PP are combined with BIP in this contribution.
1.3  Encoding Technique
· Fast mode decision
In order to reduce the increase of the encoding time by introducing BIP modes, the hierarchical mode decision, which is similar to the mode decision technique of UIP, is applied.  This method uses two types of the coding cost, simple cost and RDO cost. The steps of the encoding algorithm are following;

1) SATD-based simple cost is calculated for all prediction modes including UIP modes and BIP modes

2) Sort the prediction modes based on the simple cost in the ascending order
3) Select the first N prediction modes as candidates in the sorted prediction modes
4) Decide the best prediction mode using RDO cost

The number of N to select the candidates of prediction modes is almost similar to the number of UIP mode decision. Then the encoding time is also same as the anchor.
2 Experimental results
TMuC software version 0.7.1 of the default configuration is used in this simulation.  That software gives the same results of TMuC software version 0.7.  I slice only coding structure and the random access coding structure are tested based on TE06 coding conditions [7], and the other conditions are completely same as TE12 common coding conditions [6].  BD-rate (ΔBitrate [%]) [8] is measured by Excel sheet (TE12_results_template_r6.xls) provided on the JCTVC reflector.  The table 2 shows the experimental results of BIP for I slice only coding structure.  The BD-rate of BIP compared to the TMuC anchor is 2.3% (High efficiency) and 2.1% (Low complexity) on average.  The table 3 shows the experimental results of BIP for the random access coding structure  The BD-rate of BIP compared to the TMuC anchor is 1.1% (High efficiency) and 1.1% (Low complexity) on average.  It's turned out that BIP does not affect the encoding time and the decoding time compared with the common condition anchor.
Table 3  BD-Rate[%] and relative encoding/decoding time[%] for Intra-only case 
	
	High efficiency
	Low complexity

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-2.7
	-2.1
	-2.1
	-2.5
	-1.8
	-1.6

	Class B
	-2.1
	-1.4
	-1.4
	-2.1
	-1.3
	-1.2

	Class C
	-1.9
	-1.5
	-1.4
	-2.4
	-1.5
	-1.4

	Class D
	-2.0
	-1.4
	-1.4
	-2.4
	-1.4
	-1.4

	Class E
	-2.2
	-2.0
	-1.9
	-2.5
	-2.2
	-2.2

	All
	-2.1
	-1.6
	-1.6
	-2.3
	-1.6
	-1.5

	Enc Time[%]
	94%
	100%

	Dec Time[%]
	101%
	104%


Table 4  BD-Rate[%] and relative encoding/decoding time[%] for Random-access case 
	
	High efficiency
	Low complexity

	
	Y BD-rate
	U BD-rate
	V BD-rate
	Y BD-rate
	U BD-rate
	V BD-rate

	Class A
	-1.4
	-0.9
	-0.9
	-1.5
	-0.7
	-0.5

	Class B
	-1.1
	-1.0
	-1.1
	-1.1
	-0.7
	-0.6

	Class C
	-1.1
	-1.0
	-0.8
	-1.2
	-0.8
	-0.8

	Class D
	-0.9
	-0.5
	-0.5
	-1.0
	-0.5
	-0.5

	Class E
	N/A
	
	N/A
	

	All
	-1.1
	-0.9
	-0.8
	-1.1
	-0.7
	-0.6

	Enc Time[%]
	99%
	99%

	Dec Time[%]
	99%
	100%


3 Conclusions
In this contribution, the experimental results of Bidirection Intra Prediction for TE6 were shown.  From the experimental results, the average BD-rate gain of 2.1% for high efficiency condition and 2.3% for low complexity condition compared with TMuC common condition anchor are achieved without increase of the encoding time and the decoding time.
It’s suggested that the Bidirectional Intra Prediction is introduced in the HEVC test model as the tool of the coding efficiency improvement.
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Annex

Table A-1  Spacification for IntraPredMode for PU_4x4
	IntraPredMode
[ puPartIdx ]
	IntraBipredFlag [ puPartIdx ]
	IntraPredTypeL0 [ puPartIdx ]
	IntraPredAngleIdL0
[ puPartIdx ]
	IntraPredTypeL1 [ puPartIdx ]
	IntraPredAngleIdL1
[ puPartIdx ]

	0
	0
	Intra_Vertical
	0
	-
	-

	1
	0
	Intra_Horizontal
	0
	-
	-

	2
	0
	Intra_DC
	-
	-
	-

	3
	0
	Intra_Vertical
	-8
	-
	-

	4
	0
	Intra_Vertical
	-4
	-
	-

	5
	0
	Intra_Vertical
	+4
	-
	-

	6
	0
	Intra_Vertical
	+8
	-
	-

	7
	0
	Intra_Horizontal
	-4
	-
	-

	8
	0
	Intra_Horizontal
	+4
	-
	-

	9
	0
	Intra_Horizontal
	+8
	-
	-

	10
	0
	Intra_Vertical
	-6
	-
	-

	11
	0
	Intra_Vertical
	-2
	-
	-

	12
	0
	Intra_Vertical
	+2
	-
	-

	13
	0
	Intra_Vertical
	+6
	-
	-

	14
	0
	Intra_Horizontal
	-6
	-
	-

	15
	0
	Intra_Horizontal
	-2
	-
	-

	16
	0
	Intra_Horizontal
	+2
	-
	-

	17
	1
	Intra_Horizontal
	0
	Intra_Vertical
	0

	18
	1
	Intra_DC
	-
	Intra_Vertical
	0

	19
	1
	Intra_DC
	-
	Intra_Horizontal
	0

	20
	1
	Intra_Vertical
	-8
	Intra_Vertical
	0

	21
	1
	Intra_Vertical
	-8
	Intra_Horizontal
	0

	22
	1
	Intra_Vertical
	-8
	Intra_DC
	-

	23
	1
	Intra_Vertical
	+8
	Intra_Vertical
	0

	24
	1
	Intra_Vertical
	+8
	Intra_Horizontal
	0


Table A-2  Spacification for IntraPredMode for for PU_8x8, PU16x16 and PU32x32
	IntraPredMode
[ puPartIdx ]
	IntraBipredFlag [ puPartIdx ]
	IntraPredTypeL0
[ puPartIdx ]
	IntraPredAngleIdL0
[ puPartIdx ]
	IntraPredTypeL1

[ puPartIdx ]
	IntraPredAngleIdL1
[ puPartIdx ]

	0
	0
	Intra_Vertical
	0
	-
	-

	1
	0
	Intra_Horizontal
	0
	-
	-

	2
	0
	Intra_DC
	-
	-
	-

	3
	0
	Intra_Vertical
	-8
	-
	-

	4
	0
	Intra_Vertical
	-4
	-
	-

	5
	0
	Intra_Vertical
	+4
	-
	-

	6
	0
	Intra_Vertical
	+8
	-
	-

	7
	0
	Intra_Horizontal
	-4
	-
	-

	8
	0
	Intra_Horizontal
	+4
	-
	-

	9
	0
	Intra_Horizontal
	+8
	-
	-

	10
	0
	Intra_Vertical
	-6
	-
	-

	11
	0
	Intra_Vertical
	-2
	-
	-

	12
	0
	Intra_Vertical
	+2
	-
	-

	13
	0
	Intra_Vertical
	+6
	-
	-

	14
	0
	Intra_Horizontal
	-6
	-
	-

	15
	0
	Intra_Horizontal
	-2
	-
	-

	16
	0
	Intra_Horizontal
	+2
	-
	-

	17
	0
	Intra_Horizontal
	+6
	-
	-

	18
	0
	Intra_Vertical
	-7
	-
	-

	19
	0
	Intra_Vertical
	-5
	-
	-

	20
	0
	Intra_Vertical
	-3
	-
	-

	21
	0
	Intra_Vertical
	-1
	-
	-

	22
	0
	Intra_Vertical
	+1
	-
	-

	23
	0
	Intra_Vertical
	+3
	-
	-

	24
	0
	Intra_Vertical
	+5
	-
	-

	25
	0
	Intra_Vertical
	+7
	-
	-

	26
	0
	Intra_Horizontal
	-7
	-
	-

	27
	0
	Intra_Horizontal
	-5
	-
	-

	28
	0
	Intra_Horizontal
	-3
	-
	-

	29
	0
	Intra_Horizontal
	-1
	-
	-

	30
	0
	Intra_Horizontal
	+1
	-
	-

	31
	0
	Intra_Horizontal
	+3
	-
	-

	32
	0
	Intra_Horizontal
	+5
	-
	-

	33
	1
	Intra_Horizontal
	0
	Intra_Vertical
	0

	34
	1
	Intra_DC
	-
	Intra_Vertical
	0

	35
	1
	Intra_DC
	-
	Intra_Horizontal
	0

	36
	1
	Intra_Vertical
	-8
	Intra_Vertical
	0

	37
	1
	Intra_Vertical
	-8
	Intra_Horizontal
	0

	38
	1
	Intra_Vertical
	-8
	Intra_DC
	-

	39
	1
	Intra_Vertical
	+8
	Intra_Vertical
	0

	40
	1
	Intra_Vertical
	+8
	Intra_Horizontal
	0

	41
	1
	Intra_Vertical
	+8
	Intra_DC
	-

	42
	1
	Intra_Vertical
	+8
	Intra_Vertical
	-8

	43
	1
	Intra_Vertical
	-4
	Intra_Vertical
	0

	44
	1
	Intra_Vertical
	-4
	Intra_Horizontal
	0

	45
	1
	Intra_Vertical
	+4
	Intra_Vertical
	0

	46
	1
	Intra_Vertical
	+4
	Intra_Horizontal
	0

	47
	1
	Intra_Horizontal
	+4
	Intra_Vertical
	0

	48
	1
	Intra_Horizontal
	+4
	Intra_Horizontal
	0


Table A-3  Spacification for IntraPredMode for for PU_64x64, PU_128x128 (Same as UIP)
	IntraPredMode
[ puPartIdx ]
	IntraBipredFlag [ puPartIdx ]
	IntraPredTypeL0
[ puPartIdx ]
	IntraPredAngleIdL0
[ puPartIdx ]
	IntraPredTypeL1

[ puPartIdx ]
	IntraPredAngleIdL1
[ puPartIdx ]

	0
	0
	Intra_Vertical
	0
	-
	-

	1
	0
	Intra_Horizontal
	0
	-
	-

	2
	0
	Intra_DC
	-
	-
	-

	3
	0
	Intra_Vertical
	-8
	-
	-

	4
	0
	Intra_Vertical
	-4
	-
	-


Table A-4  An example of MappedBi2UniTable [ list ][ idx ] for all PU size
	idx
	MappedBi2UniTable[ list ][ idx ]

	
	List = 0
	List = 1

	0
	1
	0

	1
	2
	0

	2
	2
	1

	3
	6
	0

	4
	6
	1

	5
	6
	2

	6
	3
	0

	7
	3
	1

	8
	3
	2

	9
	3
	6

	10
	0
	0

	11
	0
	1

	12
	1
	0

	13
	1
	1

	14
	1
	0

	15
	1
	1


Table A-5  An example of DistanceTable[prdIdxLX][n] for PU_4x4

	
	
	n: pixel position

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	prdIdxLX
	0
	0
	0
	0
	0
	1
	1
	1
	1
	2
	2
	2
	2
	3
	3
	3
	3

	
	1
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3
	0
	1
	2
	3

	
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2
	2

	
	3
	1
	1
	1
	1
	1
	3
	3
	3
	1
	3
	5
	5
	1
	3
	5
	7

	
	6
	1
	1
	1
	1
	3
	3
	3
	3
	5
	5
	5
	5
	7
	7
	7
	7


Table A-6  An example of WeightTable[DistDiff] for PU_4x4

	DistDiff
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	WeightTable
	1
	3
	7
	18
	49
	122
	275
	512
	749
	902
	975
	1006
	1017
	1021
	1023


Mode 0





Mode 3

































































































































































































































































































































































( w[n] *              +(1024-w[n]) *                     +512 ) >> 10 
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