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1 Summary
This contribution reports performance cross-check results on a Decoder-side Motion Vector Derivation (DMVD) tool proposed in JCTVC-A106 [1] and JCTVC-B047 [2], according to the description of TE1 [3]. 
2 Test Conditions
According to the specification of TE1, we conducted the following cross-check experiments on the DMVD tool proposed by Intel. 

· Cross-check anchor bitstreams provided by TE1 technology proponents

· Run encoder software provided by the proponent

· Collect objective performance results in the form of BD-PSNR and BD-rate

· Collect encoding and decoding time of the software provided by the proponent

· Confirm software if the implementation matches with proposed algorithm

We obeyed the test condition in Table 1 that is specified in the TE1 document [3].
Table 1  Test Condition
	Codec software
	Implementation of the DMVD tool proposed in JCTVC-A106 based on KTA based software that was agreed by TE1 participants to use as code base

	Test Sequences
	Class A: 
2560x1600p 30 fps: "Traffic", "People on Street"

Class B1:
1920x1080p 24 fps: "ParkScene", "Kimono"

Class B2: 
1920x1080p 50-60 fps: "Cactus", "BasketballDrive"

Class C :
832x480p 30-60 fps (WVGA): "BasketballDrill", "BQMall", "PartyScene", RaceHorses"

	QP setting
	QPI=27,30,34,38, QPP=QPI+1, QPB=QPI+2

	Constraint Sets
	Both CS1(Random access) and CS2(Low delay)

	Number of coded frames
	First 100 frames except for Kimono (last 100 frames are used for Kimono)


3 Results
Objective performance results are shown in Table 2.
Table 2  Performance in BD measurements
	
	BD-PSNR[dB]
	BD-Rate[%]

	
	Y
	U
	V
	Y
	U
	V

	Traffic
	-5.044 
	-2.276 
	-2.541 
	0.198 
	0.040 
	0.046 

	People on Street
	-5.195 
	-4.520 
	-5.665 
	0.236 
	0.104 
	0.117 

	ParkScene
	-4.630 
	2.730 
	-0.601 
	0.157 
	-0.055 
	0.006 

	Kimono
	-9.078 
	-2.508 
	-2.875 
	0.300 
	0.039 
	0.047 

	Cactus
	-5.686 
	-3.162 
	-0.586 
	0.175 
	0.042 
	0.013 

	BasketballDrive
	-2.602 
	0.610 
	3.574 
	0.074 
	-0.015 
	-0.098 

	BQTerrace
	-2.168 
	10.656 
	5.199 
	0.047 
	-0.127 
	-0.065 

	BasketballDrill
	-0.965 
	2.924 
	9.271 
	0.037 
	-0.080 
	-0.281 

	BQMall
	-3.770 
	-3.508 
	-3.201 
	0.162 
	0.074 
	0.080 

	PartyScene
	-1.385 
	4.518 
	7.487 
	0.057 
	-0.088 
	-0.152 

	RaceHorses
	-0.619 
	3.289 
	6.660 
	0.023 
	-0.066 
	-0.144 

	Average class A
	-5.119 
	-3.398 
	-4.103 
	0.217 
	0.072 
	0.081 

	Average class B
	-4.833 
	1.665 
	0.943 
	0.151 
	-0.023 
	-0.019 

	Average class C
	-1.685 
	1.806 
	5.054 
	0.070 
	-0.040 
	-0.125 

	Average all
	-3.740 
	0.796 
	1.520 
	0.133 
	-0.012 
	-0.039 


Table 3  Performance in BD measurements(fast mode)
	
	BD-PSNR[dB]
	BD-Rate[%]

	
	Y
	U
	V
	Y
	U
	V

	Traffic
	-4.022 
	-1.273 
	-1.536 
	0.157 
	0.021 
	0.026 

	People on Street
	-4.362 
	-3.588 
	-4.500 
	0.200 
	0.083 
	0.093 

	ParkScene
	-4.961 
	2.521 
	-0.842 
	0.169 
	-0.052 
	0.009 

	Kimono
	-9.491 
	-2.723 
	-2.846 
	0.314 
	0.043 
	0.046 

	Cactus
	-5.686 
	-2.827 
	-0.286 
	0.175 
	0.038 
	0.006 

	BasketballDrive
	-2.946 
	0.187 
	3.299 
	0.083 
	-0.007 
	-0.091 

	BQTerrace
	-2.061 
	10.449 
	5.546 
	0.045 
	-0.125 
	-0.069 

	BasketballDrill
	-0.087 
	3.836 
	10.027 
	0.003 
	-0.104 
	-0.304 

	BQMall
	-3.348 
	-2.880 
	-2.506 
	0.144 
	0.061 
	0.062 

	PartyScene
	-1.593 
	4.666 
	7.772 
	0.065 
	-0.090 
	-0.158 

	RaceHorses
	-0.208 
	3.746 
	7.577 
	0.007 
	-0.075 
	-0.163 

	Average class A
	-4.192 
	-2.431 
	-3.018 
	0.179 
	0.052 
	0.060 

	Average class B
	-5.029 
	1.521 
	0.974 
	0.157 
	-0.021 
	-0.020 

	Average class C
	-1.309 
	2.342 
	5.717 
	0.055 
	-0.052 
	-0.141 

	Average all
	-3.524 
	1.101 
	1.973 
	0.124 
	-0.019 
	-0.049 


Table 3 lists encoding and decoding time those are measured using the provided software. The “time”command in Linux platform was used to obtain these values. Decoding time was also compared with that of anchor streams using the same platform (Intel Xeon 3.2GHz, Fedora x86_64). In average, decoding time was about 4x for full-search mode and 1.6x for fast mode relative to anchor.
Table 3  Encoding and Decoding time

	
	QPI
	Encoding time [sec]
	Decoding time [sec]
	Decoding time

for fast mode [sec]
	Decoding time for anchor [sec]
	Ratio of decoding time [%]
	Ratio of decoding time for fast mode [%]

	Traffic
	27
	27635.96
	265.81
	160.18
	100.27
	265.0942
	159.7487

	
	30
	26451.85
	277.11
	160.09
	99.13
	279.542
	161.495

	
	34
	25330.15
	277.01
	157.82
	92.15
	300.6077
	171.2642

	
	38
	24526.24
	256.87
	143.26
	69.99
	367.0096
	204.6864

	People on Street
	27
	35701.67
	484.70
	183.46
	100.05
	484.4578
	183.3683

	
	30
	34090.34
	486.99
	174.90
	104.35
	466.689
	167.609

	
	34
	32407.82
	489.67
	182.52
	96.58
	507.0097
	188.9832

	
	38
	30907.01
	479.88
	166.70
	96.23
	498.6802
	173.2308

	ParkScene      
	27
	17276.33
	173.99
	81.60
	54.90
	316.9217
	148.6339

	
	30
	16378.12
	175.70
	83.09
	53.05
	331.197
	156.6258

	
	34
	15263.21
	160.59
	78.75
	47.94
	334.9812
	164.2678

	
	38
	14490.39
	137.00
	77.09
	40.99
	334.2279
	188.0703

	Kimono        
	27
	14230.93
	155.45
	75.94
	49.42
	314.5488
	153.6625

	
	30
	13682.25
	145.23
	75.28
	45.78
	317.2346
	164.4386

	
	34
	13191.33
	129.46
	72.13
	41.19
	314.2996
	175.1153

	
	38
	12977.75
	109.08
	68.78
	39.47
	276.3618
	174.2589

	Cactus         
	27
	14699.02
	173.24
	70.11
	47.25
	366.6455
	148.381

	
	30
	13829.04
	169.34
	71.00
	37.24
	454.7261
	190.6552

	
	34
	13083.55
	160.59
	68.62
	35.46
	452.8765
	193.5138

	
	38
	12592.97
	148.64
	67.21
	32.40
	458.7654
	207.4383

	BasketballDrive 
	27
	24710.80
	186.26
	79.51
	52.13
	357.2991
	152.5225

	
	30
	24040.31
	185.34
	77.21
	52.48
	353.1631
	147.1227

	
	34
	23101.94
	193.75
	77.43
	48.56
	398.9909
	159.4522

	
	38
	22354.32
	195.57
	79.95
	44.38
	440.6715
	180.1487

	BQTerrace
	27
	16326.59
	126.89
	77.07
	50.05
	253.5265
	153.986

	
	30
	15220.78
	100.81
	73.50
	48.41
	208.2421
	151.8281

	
	34
	14274.02
	88.39
	73.37
	47.28
	186.9501
	155.1819

	
	38
	13706.43
	82.15
	75.58
	45.89
	179.015
	164.6982

	BasketballDrill
	27
	3208.72
	24.46
	15.46
	7.701
	317.6211
	200.7531

	
	30
	3075.89
	24.12
	14.57
	7.416
	325.2427
	196.4671

	
	34
	2912.27
	21.70
	16.07
	6.950
	312.2302
	231.223

	
	38
	2786.57
	18.81
	15.37
	6.322
	297.5324
	243.1193

	BQMall        
	27
	3517.34
	33.37
	16.15
	7.842
	425.5292
	205.9424

	
	30
	3326.88
	31.18
	16.88
	7.561
	412.3793
	223.2509

	
	34
	3123.04
	28.95
	16.38
	7.129
	406.0878
	229.7657

	
	38
	2923.21
	25.29
	15.23
	6.449
	392.1538
	236.1606

	PartyScene   
	27
	3474.71
	30.30
	16.84
	9.773
	310.0379
	172.3115

	
	30
	3261.67
	29.49
	17.29
	9.776
	301.6571
	176.8617

	
	34
	3038.12
	27.83
	18.30
	9.203
	302.4014
	198.8482

	
	38
	2825.03
	24.55
	18.84
	8.251
	297.5397
	228.336

	RaceHorses   
	27
	5433.54
	59.09
	19.27
	10.639
	555.4093
	181.126

	
	30
	5117.23
	54.32
	19.20
	10.182
	533.4905
	188.5681

	
	34
	4860.06
	48.83
	17.70
	8.847
	551.9385
	200.0678

	
	38
	4510.66
	45.55
	14.64
	7.916
	575.4169
	184.9419

	Average class A
	
	29631.38
	377.255
	166.1163
	94.84375
	396.1363
	176.2982

	Average class B
	
	16271.5
	149.8735
	75.161
	45.7135
	332.5322
	166.5001

	Average class C
	
	3587.184
	32.99
	16.76188
	8.247313
	394.7917
	206.109

	Average all
	
	29631.38
	377.255
	166.1163
	94.84375
	396.1363
	159.7487
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