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Abstract

In TE1 activity, the tool experiment targets at exploring the performance and value of Decoder-side Motion Vector Derivation (DMVD) and at analyzing the interaction of DMVD with other tools under consideration for HEVC.
This proposal focuses on the tool “Refinement Motion Compensation (RMC) using DMVD” which belongs to TE1.a: DMVD Inter Prediction. The feature in RMC is that bi-predictive MC blocks can be obtained by transmitting only one motion vector using inter-reference DMVD.

In this contribution, the implementation of basic RMC tool on TMuC0.7 software and result of evaluating the performance are reported. The simulation results show that the proposed technique provides 1.8% BD-rate gain for random access case and 0.0% for low delay case as against TE1 common anchor under TE1’s test conditions.
Introduction
Motion compensation process can improve coding efficiency using temporal correlation between a target picture and decoded reference pictures, but the process is more susceptible to coding distortion of a reference picture. For HEVC standardization, new approach has been required to improve these situations.

At 2nd JCT-VC meeting in Geneva, RMC (Refinement Motion Compensation using DMVD) was implemented into KTA2.6r1 and it was examined under TE1 common test condition [1].

The advantage of RMC is that the additional coding bits can be reduced because multiple MC blocks can be obtained by transmitting only one motion vector. Moreover, on the decoder side, since full-pixel motion vector is used for the template block of inter-reference motion estimation, the inter-reference motion estimation can be executed before generating the first MC block for first reference picture on sub-pixel accuracy.
According to TE1 activity [2], we implemented and evaluated the performance of the basic RMC tool on TMuC software.

Implementation of RMC Algorithm on TMuC
1.1 Algorithm overview
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Figure 1. Conceptual diagram of RMC (bi-predictive interpolation)
The conceptual diagram of RMC is shown in Figure 1.
In this technique, a first MC block is obtained from reference picture 1. A second MC block is obtained by executing inter-reference motion estimation. Finally, a combined MC block is generated from the first MC block and the second MC block.

In DMVD approach, feature of RMC is as follows.
1. Sending one motion vector to obtain another motion vector for bi-predictive prediction.
2. Using reference block with full-pixel accuracy as the template of DMVD.
In the case of bi-predictive (forward) extrapolation on the low delay condition, past reference MC block leads other past reference pictures as shown in Figure 2.
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Figure 2. RMC in the case of bi-predictive (forward) extrapolation
1.2 Implementation on TMuC software
Figure 3 shows the relationship between the motion vector derived by DMVD and motion vectors used for bi-predictive prediction in RMC.
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Figure 3. The relationship of vectors used in RMC

On the decoder, the transmitted motion vector for reference picture 1 (MV1) is rounded to integer accuracy (MV1_rounded), and template block is extracted using motion vector rounded to integer accuracy from reference picture 1. Full-pixel accuracy template block represent the feature of area shown by the transmitted motion vector.
MV1_rounded(x) = (MV1(x) + 2)>>2;

MV1_rounded(y) = (MV1(y) + 2)>>2;                       (in the case of 1/4 pixel MV accuracy)

Difference between MV1 and MV1_rounded means phase shift vector (PSV) between template block and MC block for reference picture 1.
PSV(x) = MV1(x) - (MV1_round(x) << 2);

PSV(y) = MV1(y) - (MV1_round(y) << 2);
DMVD process is performed between template block and reference picture 2, and create inter reference motion vector (MV_DMVD).
After that, motion vector for reference picture 2(MV2) is calculated by addition of MV1 and MV_DMVD.
On the encoder, it simulates DMVD process using candidate integer accuracy motion vector (MV1_cand) as reference picture 1.
In this case, motion vector for reference picture 2(MV2_cand) is calculated by addition of MV1_cand and MV_DMVD.

After that, it estimates bi-predictive prediction using shifted both MV1_cand and MV2_cand by all possible phase shift vector and decides best phase shift vector (PSV_best).

The possible values of shift vector are as follows.

-2 <= PSV(x) < 2, -2 <= PSV(y) < 2                    (in the case of 1/4 pixel MV accuracy)

Transmitted motion vector (MV1) is calculated by addition of MV1_cnad and PSV_best on the encoder, and motion vector for reference picture 2 used by bi-predictive prediction is calculated by addition of MV2_cand and PSV_best.

The RMC procedures of the encoder and the decoder are shown in Figure 4.
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Figure 4. The flowchart of RMC
Encoder simulated DMVD using motion vector created by motion estimation for L0 and L1 after reference index decision. And at the mode decision part for inter prediction in prediction unit, the decision of RMC on/off is performed together with L0/L1/Bi-pred decision.

In the implementation of RMC on TMuC, the reference picture 2 using DMVD is selected implicitly. 
Then, reference picture 1 is indicated by ref_idx transmitted in the bitstream. 
The reference picture 2 is indicated by ref_idx that is set to zero in another list both encoder and decoder side.
1.3 Specification of DMVD

In this proposal, the part of motion estimation of TMuC is used for DMVD.

Specification of DMVD is as follows.

   Search range for full-pixel ME:


±3 pixel
   Search range for sub-pixel ME:


±1/2 pixel and ±1/4 pixel hierarchical
   Sub-pixel ME accuracy:



1/4 pixel
   Sub-pixel filtering:




Same as Motion Compensation (SIFO)

   Matching technique:




SAD (luminance only)

   Decoder-side motion estimation block size:

Same as Prediction Unit (MC block size)

1.4 Syntax

The modified syntax on TMuC [3] is as follows.

	slice_header( ) {
	C
	Descriptor

	
first_lctb_in_slice
	2
	ue(v)

	
slice_type
	2
	ue(v)

	
pic_parameter_set_id
	2
	ue(v)

	
frame_num
	2
	u(v)

	
if( IdrPicFlag )
	
	

	

idr_pic_id
	2
	ue(v)

	
pic_order_cnt_lsb
	2
	u(v)

	
if( slice_type  = =  P  | |  slice_type  = =  B ) {
	
	

	

num_ref_idx_active_override_flag
	2
	u(1)

	

if( num_ref_idx_active_override_flag ) {
	
	

	


Num_ref_idx_l0_active_minus1
	2
	ue(v)

	


if( slice_type  = =  B )
	
	

	



num_ref_idx_l1_active_minus1
	2
	ue(v)

	

}
	
	

	
}
	
	

	
ref_pic_list_modification( )
	
	

	
if( nal_ref_idc != 0 )
	
	

	

dec_ref_pic_marking( )
	2
	

	
if( entropy_coding_mode_flag ) {
	
	

	

pipe_multi_codeword_flag
	2
	u(1)

	

if( !pipe_multi_codeword_flag )
	
	

	


pipe_max_delay_shift_6
	2
	ue(v)

	

if( slice_type  !=  I )
	
	

	

cabac_init_idc
	2
	ue(v)

	
}
	
	

	
slice_qp_delta
	2
	se(v)

	
alf_param()
	
	

	if( slice_type  = =  P  | |  slice_type  = =  B ) {
	
	

	
mc_interpolation_idc
	2
	ue(v)

	
mv_competition_flag
	2
	u(1)

	
if ( mv_competition_flag ) {
	
	

	

mv_competition_temporal_flag
	2
	u(1)

	
}
	
	

	  }
	
	

	if ( slice_type  = =  B  &&  mv_competition_flag)
	
	

	    collocated_from_l0_flag
	2
	u(1)

	
	
	

	  sifo_param()
	
	

	  if (entropy_coding_mode_flag == 3)
	
	

	    parallel_v2v_header()
	2
	

	edge_based_prediction_flag
	2
	u(1)

	if( edge_prediction_ipd_flag = = 1 )
	
	

	    threshold_edge
	2
	u(8)

	
	
	

	if(slice_type  = =  B){
	
	

	    rmc_enable_flag
	2
	u(1)

	    if(rmc_enable_flag){
	
	

	      rmc_DMVD_search_range
	2
	u(2)

	      rmc_max_cu_depth_minus1
	2
	ue(v)

	    }
	
	

	  }
	
	

	}
	
	


	prediction_unit( x0, y0, currPredUnitSize ) {
	C
	Descriptor

	
if( slice_type != I )
	
	

	

skip_flag
	
	

	
if( skip_flag ) {
	
	

	

if( mv_competition_flag ) {
	
	

	


if( inter_pred_idc != Pred_L1 && NumMVPCand( L0 ) > 1 )
	
	

	



mvp_idx_l0
	2
	ue(v) | ae(v)

	


if( inter_pred_idc != Pred_L0 && NumMVPCand( L1 ) > 1 )
	
	

	



mvp_idx_l1
	2
	ue(v) | ae(v)

	

}
	
	

	
}
	
	

	
else {
	
	

	

if(!entropy_coding_mode_flag)
	
	

	


mode_table_idx
	
	vlc(n,v)

	

else {
	
	

	

if( slice_type != I )
	
	

	


pred_mode
	2
	u(1) | ae(v)

	

 }
	
	

	

if( PredMode == MODE_INTRA ) {
	
	

	


planar_flag
	2
	u(1) | ae(v)

	


if(planar_flag) {
	
	

	



planar_delta_y = getPlanarDelta()
	
	

	



planar_delta_uv_present_flag
	2
	u(1) | ae(v)

	



if(planar_delta_uv_present_flag) {
	
	

	




planar_delta_u = getPlanarDelta()
	
	

	




planar_delta_v = getPlanarDelta()
	
	

	



}
	
	

	


} else {
	
	

	



if(entropy_coding_mode_flag)
	
	

	




intra_split_flag
	2
	ae(v)

	



combined_intra_pred_flag
	2
	u(1) | ae(v)

	



for( i = 0; i < ( intra_split_flag ? 4 : 1 ); i++ ) {
	
	

	




prev_intra_luma_pred_ flag
	2
	u(1) | ae(v)

	




if( !prev_intra_pred_luma_flag )
	
	

	





rem_intra_luma_pred_mode
	2
	ue(v) | ae(v)

	




if( adaptive_intra_smoothing_flag )
	
	

	





intra_luma_filt_flag
	2
	u(1) | ae(v)

	



}
	
	

	


}
	
	

	


if( chroma_format_idc != 0 )
	
	

	



intra_chroma_pred_mode
	2
	ue(v) | ae(v)

	


}
	
	

	

}
	
	

	

else if( PredMode == MODE_INTER ) {
	
	

	


if(entropy_coding_mode_flag)
	
	

	



inter_partitioning_idc
	2
	ue(v) | ae(v)

	


for( i= 0; i < NumPuParts( inter_partitioning_idc ); i++ ) {
	
	

	



if( NumMergeCandidates > 0 )  {
	
	

	




merge_flag[ i ]
	2
	ue(1) | ae(v)

	




if( merge_flag[ i ]  &&  NumMergeCandidates > 1 )
	
	

	





merge_left_flag[ i ]
	2
	ue(1) | ae(v)

	



}
	
	

	



if( !merge_flag[i] )  {
	
	

	




if( slice_type == B )
	
	

	





inter_pred_idc[ i ]
	2
	ue(v) | ae(v)

	




if( inter_pred_idc[ i ]  !=  Pred_L1 ) {
	
	

	             if( entropy_coding_mode_flag ) {
	
	

	





  if( num_ref_idx_l0_active_minus1 > 0 )
	
	

	






  ref_idx_l0[ i ]
	2
	ue(v) | ae(v)

	               mvres_l0 [ i ]
	2
	ue(1) | ae(v)

	             }
	
	

	             else {
	
	

	                 ref_idx_mvres_l0[ i ]
	2
	ue(v) | ae(v)

	             }
	
	

	             if ( inter_pred_idc[ i ] == Pred_L0 && 
	
	

	                rmc_pu_enable[ currPredUnitSize ] &&
	
	

	                rmc_idx_enable_l0[ ref_idx_l0[ i ] ] )
	
	

	               rmc_flag
	2
	ue(v) | ae(v)

	





mvd_l0[ i ][ 0 ]
	2
	se(v) | ae(v)

	





mvd_l0[ i ][ 1 ]
	2
	se(v) | ae(v)

	





if( mv_competition_flag && 







NumMVPCand( L0, i ) > 1 )
	
	

	






mvp_idx_l0[ i ]
	2
	ue(v) | ae(v)

	




}
	
	

	




if( inter_pred_idc[ i ]  !=  Pred_L0 ) {
	
	

	             if( entropy_coding_mode_flag ) {
	
	

	





  if( num_ref_idx_l1_active_minus1 > 0 )
	
	

	






  ref_idx_l1[ i ]
	2
	ue(v) | ae(v)

	               mvres_l1 [ i ]
	2
	ue(1) | ae(v)

	             }
	
	

	             else {
	
	

	                 ref_idx_mvres_l1[ i ]
	2
	ue(v) | ae(v)

	             }
	
	

	             if ( inter_pred_idc[ i ] == Pred_L1 && 
	
	

	                rmc_pu_enable[ currPredUnitSize ] &&
	
	

	                rmc_idx_enable_l1[ ref_idx_l1[ I ] ] )
	
	

	               rmc_flag
	2
	ue(v) | ae(v)

	





mvd_l1[ i ][ 0 ]
	2
	se(v) | ae(v)

	





mvd_l1[ i ][ 1 ]
	2
	se(v) | ae(v)

	





if( mv_competition_flag && 







NumMVPCand( L1, i ) > 1 )
	
	

	






mvp_idx_l1[ i ]
	2
	ue(v) | ae(v)

	




}
	
	

	



}
	
	

	


}
	
	

	

}
	
	

	

else if( PredMode == MODE_DIRECT ) {
	
	

	


if( slice_type == B )
	
	

	



inter_pred_idc
	2
	ue(v) | ae(v)

	


if( mv_competition_flag ) {
	
	

	



if( inter_pred_idc != Pred_L1 && 





NumMVPCand( L0 ) > 1 )
	
	

	




mvp_idx_l0
	2
	ue(v) | ae(v)

	



if( inter_pred_idc != Pred_L0 && 





NumMVPCand( L1 ) > 1 )
	
	

	




mvp_idx_l1
	2
	ue(v) | ae(v)

	


}
	
	

	

}
	
	

	
}
	
	


rmc_enable_flag specifies whether refinement motion compensation process is applied or not for the slice.

If rmc_enable_flag is equal to 1, the RMC mode is enabled in the slice.

If rmc_enable_flag is equal to 0, the RMC mode is disabled in the slice.

rmc_DMVD_search_range specifies the search range value used DMVD process in RMC. The search range value shall be applied to the reconstructed value. The variable RmcDmvdSearchRangeSize is derived as follows:



RmcDmvdSearchRangeSize = (1 << (rmc_DMVD_search_range + 1)) - 1

rmc_max_cu_depth_minus1 specifies the maximum hierarchy depth for RMC units. The variable MaxRmcUnitSize is derived as follows:



MaxRmcUnitSize = rmc_max_cu_depth_minus1 + 1

rmc_flag specifies whether refinement motion compensation process is applied or not for the predicton unit.

If rmc_flag is equal to 1, the RMC mode is enabled in the prediction unit.

If rmc_flag is equal to 0, the RMC mode is disabled in the prediction unit.

rmc_idx_enable_l0[ ] , rmc_idx_enable_l1[ ] are flags for enabling RMC depended on relation of POC of the first reference and the second reference.

If POC of first reference is same as second reference, the flag is set to zero and does not use RMC.

rmc_pu_enable[ currPredUnitSize ] is set to 0 in the case that RMC tool is disabled by the limitation of MaxRmcUnitSize.
Simulation Results
1.5 Test conditions

The results of experiment for the implemented proposed tool are as follows. The anchor settings are the common conditions under the TE1 activity.
Restrictions / modifications from TE common condition [4]:

· No test with intra-only configuration

· Only high coding efficiency configuration
· TE anchor without competing tools (MRG, MVC)
1.6 Coding efficiency comparison

The BD-rate summary of this proposal is shown in Table 1.

The results of random access case for each sequence are shown in Table 2 to Table 5
The results of low delay case for each sequence are shown in Table 6 to Table 9.

Table 1. BD-rate summary of this proposal

[image: image5.emf]Random access

Y BD-rateU BD-rateV BD-rateY BD-rateU BD-rateV BD-rate

Class A -2.6 -3.1 -2.9

Class B -1.6 -1.4 -1.6 0.0 0.0 -0.1

Class C -1.9 -2.0 -2.2 0.0 0.0 0.1

Class D -1.6 -1.6 -1.7 0.1 0.1 0.1

Class E 0.1 -0.1 0.1

All -1.8 -1.8 -1.9 0.0 0.0 0.1



Low delay


Table 2. Results of random access (Class A)
[image: image6.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class A S01 22 13799.34 41.76 13690.13 41.77 -2.1

4K Traffic 27 5712.64 39.31 5649.82 39.33

32 2792.98 36.81 2754.10 36.85

37 1461.38 34.20 1437.74 34.27

S02 22 34603.40 40.33 33889.55 40.35 -3.1

PeopleOnStreet 27 16752.21 37.35 16405.99 37.40

32 8872.71 34.39 8717.00 34.47

37 4996.83 31.60 4921.99 31.68

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 3. Results of random access (Class B)
[image: image7.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class B S03 22 4967.23 41.78 4947.11 41.78 -1.5

1080p Kimono 27 2327.20 39.91 2318.32 39.94

32 1152.76 37.58 1151.25 37.64

37 587.59 35.17 590.60 35.26

S04 22 7992.83 40.18 7962.79 40.18 -1.0

ParkScene 27 3557.05 37.67 3545.32 37.68

32 1669.06 35.08 1665.96 35.11

37 782.96 32.57 784.00 32.63

S05 22 19135.92 38.52 19038.51 38.53 -2.3

Cactus 27 6148.26 36.99 6085.71 37.01

32 2933.53 35.11 2898.93 35.15

37 1489.91 32.91 1468.35 32.97

S06 22 17955.98 39.23 17821.42 39.24 -2.4

BasketballDrive 27 6383.82 37.56 6313.14 37.59

32 2994.81 35.73 2965.56 35.78

37 1556.07 33.75 1547.49 33.82

S07 22 41465.25 37.48 41333.21 37.49 -1.0

BQTerrace 27 7650.06 35.32 7630.44 35.34

32 2392.57 33.98 2389.31 34.00

37 1036.48 32.27 1039.48 32.29

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 4. Results of random access (Class C)

[image: image8.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class C S08 22 3677.09 40.55 3623.33 40.56 -2.5

WVGA BasketballDrill 27 1788.55 37.41 1759.26 37.44

32 875.63 34.53 861.00 34.57

37 452.20 32.02 445.63 32.08

S09 22 3841.06 40.28 3799.31 40.30 -2.0

BQMall 27 1843.10 37.77 1817.65 37.79

32 938.15 35.00 928.04 35.05

37 499.54 32.23 496.24 32.29

S10 22 7108.63 38.39 7054.61 38.40 -1.3

PartyScene 27 3261.05 34.91 3230.15 34.92

32 1544.83 31.75 1530.92 31.78

37 722.84 28.80 720.16 28.84

S11 22 5049.81 39.14 5003.04 39.16 -2.0

RaceHorses 27 2150.71 35.91 2127.11 35.94

32 1009.48 33.05 998.64 33.09

37 489.61 30.40 484.26 30.45

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 5. Results of random access (Class D)

[image: image9.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class D S12 22 1601.11 40.80 1573.24 40.82 -2.8

WQVGABasketballPass 27 809.27 37.00 793.46 37.04

32 402.79 33.60 396.66 33.68

37 208.97 30.77 206.07 30.84

S13 22 1660.75 38.03 1658.61 38.02 0.2

BQSquare 27 647.46 34.82 648.18 34.82

32 298.10 32.06 298.54 32.06

37 152.70 29.37 153.74 29.37

S14 22 1714.98 38.35 1705.69 38.35 -0.8

BlowingBubbles 27 804.06 34.99 797.48 34.99

32 377.50 31.72 375.89 31.74

37 174.74 28.78 174.70 28.80

S15 22 1279.73 39.64 1259.38 39.67 -2.8

RaceHorses 27 636.91 35.87 624.68 35.92

32 311.70 32.39 307.03 32.46

37 152.29 29.52 150.51 29.58

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 6. Result of low delay (Class B)
[image: image10.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class B S03 22 6115.78 41.93 6115.75 41.93 0.0

1080p Kimono 27 3050.01 40.16 3050.80 40.17

32 1565.97 37.92 1566.47 37.91

37 762.25 35.27 762.33 35.27

S04 22 9775.00 40.03 9772.36 40.03 0.0

ParkScene 27 4078.05 37.04 4076.78 37.04

32 1730.04 34.14 1732.44 34.14

37 711.37 31.45 711.43 31.45

S05 22 27693.66 39.00 27658.38 39.00 0.0

Cactus 27 7780.95 36.78 7778.31 36.78

32 3558.52 34.66 3559.58 34.66

37 1651.15 32.31 1651.91 32.31

S06 22 25364.00 39.80 25343.75 39.80 0.0

BasketballDrive 27 8867.95 37.88 8866.75 37.88

32 4326.10 36.11 4324.24 36.11

37 2151.18 34.04 2148.36 34.03

S07 22 81795.17 39.52 81733.10 39.52 -0.1

BQTerrace 27 11451.40 35.62 11441.86 35.62

32 2710.77 33.35 2708.42 33.36

37 966.81 31.06 970.04 31.07

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 7. Result of low delay (Class C)
[image: image11.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class C S08 22 4536.98 39.97 4535.72 39.97 0.0

WVGA BasketballDrill 27 2343.90 37.02 2341.82 37.01

32 1199.96 34.38 1199.69 34.38

37 595.22 31.84 596.17 31.85

S09 22 4983.46 40.28 4983.23 40.28 -0.1

BQMall 27 2362.48 37.38 2362.23 37.39

32 1171.40 34.39 1172.36 34.40

37 581.52 31.39 581.81 31.40

S10 22 10557.87 38.67 10554.62 38.67 0.0

PartyScene 27 4876.44 34.61 4877.61 34.61

32 2121.00 30.77 2119.59 30.77

37 872.23 27.38 871.28 27.38

S11 22 7270.05 40.81 7266.00 40.81 0.0

RaceHorses 27 3298.23 37.35 3295.98 37.35

32 1416.45 33.98 1415.85 33.98

37 606.77 30.72 607.43 30.72

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 8. Result of low delay (Class D)

[image: image12.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

Class D S12 22 2095.15 41.26 2094.23 41.27 0.1

WQVGABasketballPass 27 1148.97 37.73 1148.68 37.72

32 590.81 34.36 591.77 34.36

37 285.50 31.24 285.65 31.24

S13 22 2979.63 38.71 2981.65 38.72 0.1

BQSquare 27 1171.40 34.53 1171.99 34.53

32 397.35 30.70 398.47 30.70

37 140.09 27.30 140.47 27.30

S14 22 2422.74 38.34 2422.28 38.34 0.1

BlowingBubbles 27 1071.91 34.22 1071.31 34.22

32 468.15 30.53 468.86 30.53

37 189.13 27.34 189.76 27.33

S15 22 1652.31 40.52 1651.83 40.52 0.0

RaceHorses 27 856.21 36.63 856.51 36.64

32 417.48 32.96 417.02 32.96

37 188.77 29.91 188.27 29.90

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


Table 9. Result of low delay (Class E)
[image: image13.emf]QPISlice kbps Y psnr kbps Y psnr BD-rate Y

ClassE S16 22 2537.64 43.45 2534.45 43.45 0.2

720p Vidyo1 27 895.69 41.11 896.03 41.11

32 426.20 38.49 426.70 38.49

37 220.46 35.71 220.92 35.71

S17 22 3603.22 43.43 3601.89 43.43 0.1

Vidyo3 27 1160.62 40.95 1160.82 40.95

32 510.87 38.16 510.92 38.15

37 260.67 35.10 261.57 35.10

S18 22 3143.75 43.28 3140.86 43.28 0.1

Vidyo4 27 895.83 40.70 895.28 40.70

32 399.21 38.01 399.10 38.00

37 206.00 35.27 206.01 35.26

TMuC 0.7 TE1 reference JVC DMVD implemented on TMuC0.7


1.7 Complexity comparison

The results of complexity assessment for RMC are as follows. 

The results show the ratio of execution time between RMC and the anchor in the following simulation environment.
· CPU:

Intel Xeon 5160 3.0GHz

· Memory:
16GB (DDR2 SDRAM FB-DIMM)
· OS:


Windows 7 Professional 64bit 

· Compiler:
Microsoft Visual C++ 2008 Express edition SP1

· Executable :
x64 (64bit Windows executable)

A mean value of three times is used for measuring the decoding time without output of yuv file.

The complexity comparison summary of this proposal is shown in Table 10.

Table 10. Complexity comparison summary of this proposal

[image: image14.emf]Random access Low delay

Enc Time [%] 146 103

Dec Time [%] 138 103


RMC simply performs motion estimation for deriving second motion vector. Therefore the complexity does not increase too much even in random access condition.
Conclusion
This proposal shows that RMC implemented on TMuC can improve coding efficiency under random access condition (Bi-predictive Interpolation).

On the other side, there is no efficiency improvement under low delay condition (Bi-predictive Extrapolation).

In this implementation, RMC is disabled in the case that reference picture 1 is the same as reference picture 2. Thus complexity is not increased both of encoder and decoder because there are a few case of evaluation for RMC under low delay condition.

We will enhance the reference control manner for DMVD and additional prediction method to improve coding efficiency in the case of bi-predictive extrapolation of RMC.
Also, it will be improved by supporting other prediction modes such as direct, skip.

We would like to show the effectiveness of DMVD approach for HEVC standardization.
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