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Abstract

This contribution presents a method to reduce the computational complexity of intra prediction. In the angular prediction process in HM2.0, one interpolation is required for predicting each sample when the corresponding reference sample position is not located in exact integer position. This contribution proposes to use single interpolation for predicting multiple samples to reduce the computational complexity. It is asserted that, when applied to PU_32x32, the proposed method can reduce the number of interpolation operations to nearly half of HM2.0 case, with 0.1% and 0.0% coding loss in High-Efficiency (HE) and Low-Complexity (LC) configurations, respectively. 
1 Introduction
HM2.0 includes Unified Intra Prediction (UIP) having Intra_Vertical, Intra_Horizontal, Intra_DC, and Intra_Angular prediction modes. For the angular prediction, one interpolation process is required for predicting each sample when the corresponding reference sample position is not located in the exact integer position. For example, the angular prediction modes of Group_vert and Group_hor described in Figure 1 include the interpolation process.
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Figure 1 : Angular prediction modes including the interpolation process
The interpolation method[1] is represented by 
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where predSamples[x, y] denotes the predicted sample for the pixel [x, y], and iFact denotes the weighting distance between two reference samples. In addition, refMain[refMainIndex] denotes the reference sample corresponding to the prediction mode. 
Since interpolation process is performed to predict one sample, the required number of interpolation process for the large PU size is more than the small PU size case. For example, Table 1 represents the number of interpolation process to predict one of Group_vert or Group_hor modes in PU_32x32, and the required number of operations to perform the interpolation process is also represented.
For one of Group_vert or Group_hor modes, 992(32*31) or 960(32*30) samples should be predicted by interpolation process, since 32 or 64 samples (1 or 2 lines depends on mode) are predicted by copy of corresponding reference samples located in the integer position. 
Table 1 : The required number of operations to perform interpolation process in PU_32x32 (HM)
	Operation
	Number of operations for one interpolation (A)
	Number of interpolation for one mode (B)
	Number of operations for one mode (C=A*B)

	+, -
	4
	992 or 960
	3968 or 3840

	*
	2
	
	1984 or 1920

	>>
	1
	
	992 or 960


2 Single Interpolation for Multi-sample Prediction (SIMP)

Homogeneous regions tend to be coded as large PU size rather than small PU size. This means that the correlation of neighboring sample values in the large PU size is relatively higher than the smaller PU size case. In this point of view, predicting all the samples by each one's interpolation process could not be efficient. 
SIMP aims at reducing the number of operations to perform the interpolation process in angular prediction, not only in the encoder but also in the decoder. In details, SIMP uses single interpolation for predicting multiple samples to reduce the number of interpolation process. In this contribution, four SIMP methods are proposed considering the number of samples predicted by single interpolation and the position for the single interpolation.

2.1 Single Interpolation for 2 samples Prediction (SIMP_2)
SIMP can predict 2-samples through single interpolation process. Equation (2) and (3) represent the interpolation process for the modes belonging to Group_vert and Group_hor, respectively. 
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For applying SIMP_2 to PU_32x32, Table 2 represents the required number of operations to predict one of Group_vert or Group_hor modes. For the case of predicting two samples through single interpolation process, 512(32*16) interpolation process should be performed to predict one mode. Therefore, the required number of interpolation process is nearly half of HM2.0 case in Table 1.

Table 2 : The required number of operations to perform interpolation process in PU_32x32 (SIMP_2)
	Operation
	Number of operations for one interpolation (A)
	Number of interpolation for one mode (B)
	Number of operations for one mode (C=A*B)

	+, -
	4
	512
	2048

	*
	2
	
	1024

	>>
	1
	
	512


2.1.1 Method 1 (M1)
For the M1, the position for single interpolation is set as a sample closed to reference sample according to the prediction mode. Figure 2 illustrates angular prediction of HM2.0 and M1 when the mode belongs to Group_vert. In the same way, modes of Group_hor can be implemented by horizontal direction.
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                         (a) HM2.0  

             (b) M1
Figure 2 : Angular prediction of HM2.0 and M1
2.1.2 Method 2 (M2)
For the M2, the position for single interpolation is set as the center of the two samples. Figure 3 illustrates angular prediction of HM2.0 and M2 when the mode belongs to Group_vert. 
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                        (a) HM2.0  

             (b) M2
Figure 3 : Angular prediction of HM2.0 and M2
2.2 Single Interpolation for 4 samples Prediction (SIMP_4)
SIMP can predict 4-samples through single interpolation process. Equation (4) represents the interpolation process for the modes belonging to Group_vert or Group_hor.
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For applying SIMP_4 to PU_32x32, Table 3 represents the required number of operations to predict one of Group_vert or Group_hor modes. For the case of predicting four samples through single interpolation process, 256(16*16) interpolation process should be performed to predict one mode. Therefore, the required number of interpolation process is nearly one-fourth of HM2.0 case in Table 1.

Table 3 : The required number of operations to perform interpolation process in PU_32x32 (SIMP_4)
	Operation
	Number of operations for one interpolation (A)
	Number of interpolation for one mode (B)
	Number of operations for one mode (C=A*B)

	+, -
	4
	256
	1024

	*
	2
	
	512

	>>
	1
	
	256


2.2.1 Method 3 (M3)
For the M3, the position for single interpolation is set as a 'left-above' sample among four samples. Figure 4 illustrates angular prediction of HM2.0 and M3 when the mode belongs to Group_vert.
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                      (a) HM2.0                          (b) M3
Figure 4 : Angular prediction of HM2.0 and M3
2.2.2 Method 4 (M4)
For the M4, the position for single interpolation is set as a 'left-above' or 'right-above' sample according to the prediction direction when the mode belongs to Group_vert. On the other hand, when a mode belongs to Group_hor, the position for single interpolation is set as a 'left-above' or 'left-bottom' sample according to the prediction direction. Figure 5 illustrates angular prediction of HM2.0 and M4 when the mode belongs to Group_vert.
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            (a) HM2.0                                (b) M4
Figure 5 : Angular prediction of HM2.0 and M4
3 Experimental results

The proposed method was implemented in HM2.0. The experiments are conducted with 2 test configurations specified for HM2.0 in JCTVC-D600 [2]. The test platform is Intel Xeon CPU X5482 (3.2GHz 2-CPUs, 8 Core) with 8GB RAM.
SIMP is implemented only in PU_32x32. Table 4, 5, 6, and 7 show the performance of SIMP corresponding to M1, M2, M3, and M4, respectively. 
Table 4 : Performance of M1
[image: image10.emf]Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A 0.1 0.0 0.1 0.0 0.0 0.0

Class B 0.0 0.0 0.0 0.0 0.0 0.0

Class C 0.0 0.0 0.0 0.0 0.0 0.0

Class D 0.0 0.0 0.0 0.0 0.0 0.0

Class E 0.1 0.1 0.1 0.0 0.0 0.1

All 0.1 0.0 0.1 0.0 0.0 0.0

Enc Time[%]

Dec Time[%] 100% 99%

99% 100%



Intra Intra LoCo


Table 5 : Performance of M2
[image: image11.emf]Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A 0.1 0.0 0.1 0.0 0.1 0.0

Class B 0.0 0.1 0.0 0.0 0.0 0.0

Class C 0.0 0.0 0.0 0.0 0.0 0.0

Class D 0.0 0.0 0.0 0.0 0.0 0.0

Class E 0.1 0.2 0.1 0.0 0.0 0.1

All 0.1 0.1 0.1 0.0 0.0 0.0

Enc Time[%]

Dec Time[%] 99% 100%

#NUM! #NUM!



Intra Intra LoCo


Table 6 : Performance of M3
[image: image12.emf]Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A 0.4 0.5 0.6 0.1 0.3 0.3

Class B 0.2 0.4 0.4 0.2 0.2 0.3

Class C 0.1 0.1 0.1 0.1 0.1 0.1

Class D 0.0 0.1 0.0 0.0 0.0 0.0

Class E 0.5 0.8 0.7 0.3 0.4 0.5

All 0.2 0.3 0.4 0.2 0.2 0.2

Enc Time[%]

Dec Time[%]

#NUM! #NUM!



Intra Intra LoCo

100% 100%


Table 7 : Performance of M4
[image: image13.emf]Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A 0.4 0.4 0.6 0.1 0.3 0.3

Class B 0.2 0.4 0.4 0.2 0.2 0.3

Class C 0.1 0.1 0.1 0.1 0.1 0.0

Class D 0.0 0.1 0.0 0.0 0.0 0.0

Class E 0.4 0.7 0.7 0.3 0.4 0.5

All 0.2 0.3 0.4 0.1 0.2 0.2

Enc Time[%]

Dec Time[%]

#NUM! #NUM!



Intra Intra LoCo

99% 99%

 
4 Conclusion
This contribution proposes Single Interpolation for Multi-sample Prediction (SIMP) for intra coding. SIMP can reduce the required number of interpolation process in angular prediction without significant coding loss. For predicting two samples through single interpolation process in PU_32x32, the experiment results show that the 0.1% loss in HE. The encoding/decoding time is 100%/100% in HE and 99%/99% in LC, respectively. 
In addition, the change of position to interpolate is not critical in coding loss, since the correlation of neighboring samples in PU_32x32 is high. Finally, we suggest M1 of this contribution to be adopted into the HM.
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Annex A - Implementation of M1 in software HM2.0
if (intraPredAngle == 0){
  for (k=0;k<blkSize;k++){
    for (l=0;l<blkSize;l++){
      pDst[k*dstStride+l] = refMain[l+1];
    }
  }
}
else {
  Int deltaPos=0;
  Int deltaInt;
  Int deltaFract;
  Int refMainIndex;

#ifdef ETRI_SIMP
  if (blkSize >= 32) {
    for (k=0;k<blkSize;k++) {
      deltaPos += intraPredAngle;
      deltaInt = deltaPos >> 5;
      deltaFract = deltaPos & (32 - 1);
      if (deltaFract) {
        // Do linear filtering
        for (l=0;l<blkSize;l++) {
          refMainIndex = l+deltaInt+1;
          pDst[k*dstStride+l] = 
          pDst[(k+1)*dstStride+l] = (Pel) ( ((32-deltaFract)*refMain[refMainIndex]+deltaFract*refMain[refMainIndex+1]+16) >> 5 );
        }
        k += 1;
        deltaPos += intraPredAngle;
      }
      else {

  // Just copy the integer samples
        for (l=0;l<blkSize;l++) {
          pDst[k*dstStride+l] = refMain[l+deltaInt+1];
        }
      }
    }
  }
  else {
#endif
    for (k=0;k<blkSize;k++) {
      deltaPos += intraPredAngle;
      deltaInt   = deltaPos >> 5;
      deltaFract = deltaPos & (32 - 1);
      if (deltaFract)
{

  // Do linear filtering
        for (l=0;l<blkSize;l++) {
          refMainIndex = l+deltaInt+1;
          pDst[k*dstStride+l] = (Pel) ( ((32-deltaFract)*refMain[refMainIndex]+deltaFract*refMain[refMainIndex+1]+16) >> 5 );
        }
      }
      else {

  // Just copy the integer samples
        for (l=0;l<blkSize;l++) {
          pDst[k*dstStride+l] = refMain[l+deltaInt+1];
        }
      }
    }
#ifdef ETRI_SIMP
  }
#endif
}
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