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Abstract

This contribution presents the experimental results of simplified Bidirectional Intra Prediction (BIP) on intra prediction improvement. BIP was firstly included in the CfP submission of JCTVC-A117 and the improved BIP was proposed in the contribution of JCTVC-D108 at the JCT-VC Daegu meeting.
In this document, two simplifications of BIP to reduce the computational complexity are presented and the experimental results in HM software version 3.0 under HM common test conditions defined in JCTVC-E700 are reported. For I slice only coding structure, the average BD-rate gain of simplified BIP is 0.3% on low complexity condition and 0.1% on high efficiency condition without significant increase of the encoding time and the decoding time.

1 Introduction
Bidirectional intra prediction (BIP) was firstly proposed at the VCEG Marrakech meeting [1], and several improvements are proposed in the previous contributions. The latest improvement of BIP was reported in [2]. At the JCT-VC Geneva meeting, experimental results combined with BIP and DCIM on CE6 were reported in JCTVC-E318 [3]. In this contribution, the simplified BIP to reduce the computational complexity is proposed and the experimental results are reported. The experimental results of combination with simplified BIP and DCIM are reported in JCTVC-Fxxx.
1.1 Algorithm description

1.1.1 Bidirectional intra prediction
Bidirectional Intra Prediction (BIP) combines two unidirectional intra predictions (UIP) results by a weighted sum according to the distance between the predicted pixels and the reference pixel(s) used for prediction. 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)












(1)
where predL0[n] and predL1[n] are the samples of the two UIP modes, and w[n] shows the weighting list for predL0[n] according to the sample position (n). w_shift shows the shift value of the weighting list for the rounding operation and is set to 10. The weighting list w[n] is pre-determined according to the difference of distance from corresponding reference pixels of two prediction directions. The weighting lists are identical to one of JCTVC-D108 except for PU32x32. In order to reduce the number of multiplication in the equation (1), w[n] is set to (1<<(w_shift-1)) for PU32x32. 
1.1.2 Restriction of Unidirectional intra prediction used for Bidirectional intra prediction
In previous BIP [2], two kinds of UIP modes, intraPredModeL0 and intraPredModeL1, are selected from several UIP mode candidates for current PU. In the current HM software which has maximum of 34 UIP modes, there are all 561 (= C(34,2)) possible combinations of UIP modes. This number is not acceptable since an overhead incurred by mode signaling increases significantly. Moreover, prediction modes except for 0, 1, 2, 3, 6 and 9 use bilinear filter to calculate the prediction value of fractional position. It may cause the large computational complexity to calculate the prediction value of BIP modes, since prediction value of UIP modes is calculated twice. Therefore, the UIP modes used for BIP modes are restricted by only 6 modes, which mean DC mode or just copy modes which copy the reference pixels simply. The UIP modes used for BIP mode is mapped in the following equation;

MappedintraPredModeLX = MappedDirTable[intraPredModeLX],


(2)

where, MappedintraPredModeLX means the mapped UIP mode to restricted 6 modes.
1.1.3 Reduction of Bidirectional intra prediction modes
In order to reduce the computational complexity further, the number of BIP modes is reduced to 2 compared with [2]. 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. Tables A-1 to A-3 specify the details of intra prediction mode set. When the PU size is 64x64, the prediction mode set is same as set specified in original 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_4x4
	17
	2
	19

	PU_8x8
	34
	2
	36

	PU_16x16
	34
	2
	36

	PU_32x32
	34
	2
	36

	PU_64x64
	3
	0
	3


1.1.4 Syntax, semantics and decoding process
The detailed specification is shown in Annex of this contribution.
1.2 Complexity Analysis

Table 2 shows the operation counts of HM3.0 UIP for worst case. The sum of operation counts of UIP mode is 7.75 per pel in case of 4x4 block.

Table 2  Operation counts of HM3.0 UIP for worst case (for example, mode 4)
	HM3.0 UIP (Anchor) 
	Mul (/pel) 
	Add (/pel) 
	Shift (/pel) 

	Derivation of position 
	0
	1+2/N
	1/N

	Interpolation 
	2
	3
	1

	Total 
	2
	4+2/N
	1+1/N 

	e.g. 4x4 block 
	2 
	4.5 
	1.25 


Table 3 shows the operation counts of Simplified BIP for worst case. The sum of operation counts of BIP mode is 7.00 per pel in case of 4x4 block. This result means that the sum of operation counts of Simplified BIP for worst case is less than one of HM3.0 UIP.

Table 3  Operation counts of SBIP for worst case
	Simplified BiPred 
	Mul (/pel) 
	Add (/pel) 
	Shift (/pel) 

	Derivation of position 
	0
	1 
	0 

	Weighted averaging 
	2
	3
	1

	Total 
	2
	4 
	1 

	e.g. 4x4 block 
	2 
	4 
	1 


2 Experimental results
Simplified BIP is integrated to HM software version 3.0 (HM3.0). The common test configuration [4] is used in these experiments.  By following CE6 test conditions [5], I slice only coding structure is tested. BD-rate (ΔBitrate [%]) is measured by Excel sheet provided on the JCTVC reflector. Table 2 shows the experimental results of simplified BIP compared with HM3.0 anchor for I slice only coding structure. The negative value indicates gain. The BD-rate gain of BIP is 0.1% (High efficiency) and 0.3% (Low complexity) on average without significant increase of the encoding time and the decoding time. 
Table 1. BD-Rate[%] and relative encoding/decoding time[%] on I slice only for BIP only
	
	IO-HE
	IO-LC

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

	Class A
	-0.1
	-0.1
	-0.1
	-0.2
	-0.2
	-0.2

	Class B
	-0.1
	0.0
	0.0
	-0.2
	-0.2
	-0.2

	Class C
	-0.3
	-0.2
	-0.2
	-0.5
	-0.4
	-0.4

	Class D
	-0.1
	-0.1
	-0.1
	-0.2
	-0.1
	-0.2

	Class E
	-0.1
	0.0
	0.0
	-0.2
	-0.2
	-0.1

	All
	-0.1
	-0.1
	-0.1
	-0.3
	-0.2
	-0.2

	Enc Time[%]
	103%
	102%

	Dec Time[%]
	101%
	101%


3 Conclusions
In this contribution, the simplified BIP to reduce the computational complexity is proposed and the experimental results of BIP were reported. By introducing BIP to HM version 3.0 software, the average BD-rate gain of 0.1% for high efficiency condition and 0.3% for low complexity condition compared with common condition anchor are achieved without significant increase of the encoding time.
It’s suggested that the Bidirectional Intra Prediction (BIP) is introduced in the next version of HEVC test model (HM) as a tool of the coding efficiency improvement.
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Annex

Syntax, semantics and decoding process of Bidirectional Intra Prediction
Prediction unit syntax (subclause 7.3.7) 

	prediction_unit( x0, y0, log2PUWidth, log2PUHeight, PartIdx , 






 InferredMergeFlag ) {
	Descriptor

	
if( skip_flag[ x0 ][ y0 ] ) {
	

	

if( NumMergeCand  >  1 )
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else if( PredMode  = =  MODE_INTRA ) {
	

	

prev_intra_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( prev_intra_luma_pred_flag[ x0 ][ y0 ] )
	

	


if( NumMPMCand > 1 )
	

	



mpm_idx[ x0 ][ y0 ]
	u(1) | ae(v)

	

else
	

	


rem_intra_luma_pred_mode[ x0 ][ y0 ]
	ce(v) | ae(v)

	

if(intraPredMode == Intra_BIP && NumBipredCand > 1)
	

	


intra_bip_luma_pred_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

intra_chroma_pred_mode[ x0 ][ y0 ]
	ue(v) | ae(v)

	
} else { /* MODE_INTER */
	

	

if( !InferredMergeFlag )
	

	


if( entropy_coding_mode_flag || PartMode != PART_2Nx2N )
	

	



merge_flag[ x0 ][ y0 ]
	u(1) | ae(v)

	

if( merge_flag[ x0 ][ y0 ]  &&  NumMergeCand  >  1 ) {
	

	


merge_idx[ x0 ][ y0 ]
	ue(v) | ae(v)

	

} else {
	

	


if( slice_type  = =  B )
	

	



inter_pred_flag[ x0 ][ y0 ]
	ue(v) | ae(v)

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_LC ) {
	

	



if( num_ref_idx_lc_active_minus1  >  0 )
	

	




ref_idx_lc[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_lc[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_lc[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( LcToLx )  >  1 )
	

	




mvp_idx_lc[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


else { /* Pred_L0 or Pred_BI */
	

	



if( num_ref_idx_l0_active_minus1  >  0 )
	

	




ref_idx_l0[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_l0[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l0[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L0 )  >  1 )
	

	




mvp_idx_l0[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	


if( inter_pred_flag[ x0 ][ y0 ]  = =  Pred_BI ) {
	

	



if( num_ref_idx_l1_active_minus1  >  0 )
	

	




ref_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	



mvd_l1[ x0 ][ y0 ][ 0 ]
	se(v) | ae(v)

	



mvd_l1[ x0 ][ y0 ][ 1 ]
	se(v) | ae(v)

	



if( NumMVPCand( L1 )  >  1 )
	

	




mvp_idx_l1[ x0 ][ y0 ]
	ue(v) | ae(v)

	


}
	

	

}
	

	
}
	

	}
	


Prediction unit semantics (subclause 7.4.7) 

intra_bip_luma_pred_flag [ x0 ][ y0 ] specify the bidirectional intra prediction flag for luma samples. The array indices x0, y0 specify the location ( x0, y0 ) of the top-left luma sample of the considered prediction block relative to the top-left luma sample of the picture. When intra_bip_luma_pred_flag [ x0 ][ y0 ] is equal to 1, the intra prediction mode is inferred from a bidirectional intra-predicted prediction unit according to subclause 8.3.1. Intra_BIP specify one of intra prediction modes, which show that IntraBipredFlag is equal to 1.
Specification of derivation process for intraPredModeL0 and intraPredModeL1 (subclause 8.3.3.1.x)

Inputs to this process are:
–
a luma location ( xB, yB ) specifying the top-left luma sample of the current block relative to the top left luma sample of the current picture,
–
a variable log2TrafoSize specifying the size of the current prediction unit,
–
variable arrays IntraPredMode (If available) that are previously (in decoding order) derived for adjacent coding units.

Output of this process is the variable IntraPredModeL0[ xB ][ yB ] and IntraPredModeL1[ xB ][ yB ]. 
Table 8 – 1 specifies the number of luma intra prediction modes intraPredModeNum depending on log2TrafoSize.

Table 8 – 1 Specification of intraPredModeNum.

	log2TrafoSize
	intraPredModeNum

	2
	19

	3
	36

	4
	36

	5
	36

	6
	3


IntraPredModeL0[ xB ][ yB ] and IntraPredModeL1[ xB ][ yB ] is derived as follows.

Two BIP mode (BIP1 and BIP2) and NumBipredCand which means the number of BIP modes are set as follows.

1. Mode "a" and "b" is set to prediction modes of left neighboring PU A and above neighboring PU B respectively. If neighboring block A and B was coded using BIP mode, mode "a" and "b" is set to IntraPredModeL0 of neighboring block A and B, respectively . 

2. Restricted modes "ac" and "bc" are mapped from "a" and "b" in following equation; 

ac = MappedDirTable [a], bc = MappedDirTable [b].

3. IntraPredModeL0 and IntraPredModeL1 for BIP1 and BIP2 are set as follows.

· BIP1 : combination of "a" and "b"

IntraPredModeL0 = a, IntraPredModeL1 = b

· BIP2 : combination of "min(a, b)" and neighboring direction of " min(a, b)"

IntraPredModeL0 = min(a, b), IntraPredModeL1 = MappedNeighborDirTable[min(a, b)]

where, MappedNeighborDirTable [x] is a table which map UIP mode "x" to the neighbor prediction direction of "x" in the range of available directions. Table A-5 specifies the details of tables MappedNeighborDirTable [].

4. NumBipredCand is set as follows.

· If the combination of BIP1 is equal to one of BIP2, NumBipredCand is set to 1.

· Otherwise, NumBipredCand is set to 2.

Table 8 – 2 specifies the mapped value of IntraPredModeLX[ xB ][ yB ].
Table 8 – 2  Spacification for MappedDirTable.
	IntraPredModeLX
	MappedDirTable [IntraPredModeLX]

	0
	0

	1
	1

	2
	2

	3
	3

	4
	0

	5
	0

	6
	6

	7
	1

	8
	1

	9
	9

	10
	3

	11
	0

	12
	0

	13
	6

	14
	3

	15
	1

	16
	1

	17
	9

	18
	3

	19
	3

	20
	0

	21
	0

	22
	0

	23
	0

	24
	6

	25
	6

	26
	3

	27
	3

	28
	1

	29
	1

	30
	1

	31
	1

	32
	9

	33
	9


Table 8 – 2  Spacification for MappedNeighborDirTable.
	IntraPredModeLX
	MappedNeighborDirTable 

[IntraPredModeLX]
for PU4x4, 8x8
	MappedNeighborDirTable 

[IntraPredModeLX]
for PU16x16, 32x32

	0
	1
	2

	1
	0
	2

	2
	0
	1

	3
	6
	2

	6
	9
	2

	9
	6
	2


Specification of Intra_BIP mode (subclause 8.3.3.1.x)

Inputs to this process are:

–
predicted samples predL0[ x, y ] and predL1[ x, y ], with x, y = 0..nS-1,

–
a variable nS specifying the prediction size.

Output of this process is:

–
predicted samples predSamples[ x, y ], with x, y =0..nS-1.

This intra prediction mode is invoked when intraPredMode is equal to Intra_BIP which means IntraBipredFlag is equal to 1.
The values of the prediction samples predSamples[ x, y ], with x, y = 0..nS-1, are derived as follows.

predSamples[ x, y ] = ( w[ x, y ] * predL0[ x, y ] + ((1<<w_shift) – w[ x, y ]) * predL1[ x, y ] 
+ (1<<(w_shift –1)))>> (w_shift) 





(8‑x)
w[ x, y ] shows the weighting list for predLX[ x, y ] according to the predSamples[ x, y ]. w_shift specifies the shift value of the weighting list for the rounding operation and is set to 10. The weighting lists w[ x, y ] for PU32x32 is set to (1<<(w_shift-1)).
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