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1 Summary
This contribution reports performance cross-check results on Spatial-temporal direct mode (STDM) proposed in JCTVC-B037[2] according to the description of TE1 [1]. 
2 Test Conditions
According to the specification of TE1, we conducted the following cross-check experiments on the STDM tool proposed by Huawei. 

· 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-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 [1].
Table 1  Test Condition
	Codec software
	Implementation of the proposal tool proposed in JCTVC-B037[2] based on TMuC0.7 software 

	Test configuration
	Based on B300[5] , AMVP off, motion merge off

	QP setting
	QPI=22,37,32,37

	Constraint Sets
	Both CS2(Low delay) and CS4 (Random access)


3 Simulation results

Objective performance results are shown in Table 2.

Table 2 Performance in BD measurements (low delay)

	　
	BD-PSNR[dB]

	
	Y
	U
	V

	Kimono
	-0.9
	-0.1
	-0.1

	ParkScene
	-0.5
	1.1
	1.2

	Cactus
	-1.7
	0.0
	0.3

	BasketballDrive
	-0.5
	0.4
	0.3

	BQTerrace
	0.7
	3.5
	2.7

	BasketballDrill
	-0.5
	-0.6
	-0.2

	BQMall
	-2.0
	-0.8
	-0.2

	PartyScene
	-0.1
	1.2
	1.7

	RaceHorses
	0.2
	0.5
	0.6

	BasketballPass
	-0.6
	-0.8
	-0.5

	BQSquare
	0.9
	3.5
	3.3

	BlowingBubbles
	-0.5
	1.2
	2.2

	RaceHorses
	-0.3
	-0.6
	-0.5

	Vidyo1
	-1.6
	0.2
	0.0

	Vidyo3
	-0.3
	-0.2
	-1.3

	Vidyo4
	-0.6
	0.5
	0.8

	Average Class B
	-0.6 
	1.0 
	0.9 

	Average Class C
	-0.6 
	0.1 
	0.5 

	Average Class D
	-0.1 
	0.8 
	1.1 

	Average Class E
	-0.8 
	0.2 
	-0.2 

	Average All
	-0.5 
	0.6 
	0.6 


Table 3 Performance in BD measurements (random access)

	　
	BD-PSNR[dB]

	
	Y
	U
	V

	Traffic
	-3.4
	-3.2
	-3.1

	PeopleOnStreet
	-3.8
	-4.3
	-4.5

	Kimono
	-3.3
	-2.6
	-2.7

	ParkScene
	-2.3
	-1.8
	-1.6

	Cactus
	-5.0
	-4.1
	-4.4

	BasketballDrive
	-2.5
	-2.4
	-2.7

	BQTerrace
	-1.8
	-1.0
	-0.6

	BasketballDrill
	-1.7
	-2.4
	-2.5

	BQMall
	-4.6
	-3.9
	-4.1

	PartyScene
	-3.2
	-2.6
	-2.4

	RaceHorses
	-1.0
	-1.6
	-2.1

	BasketballPass
	-2.8
	-3.3
	-3.4

	BQSquare
	-2.9
	-1.8
	-1.9

	BlowingBubbles
	-3.0
	-2.0
	-2.3

	RaceHorses
	-2.0
	-2.3
	-2.2

	Average Class A
	-3.6 
	-3.7 
	-3.8 

	Average Class B
	-3.0 
	-2.4 
	-2.4 

	Average Class C
	-2.6 
	-2.6 
	-2.8 

	Average Class D
	-2.7 
	-2.3 
	-2.5 

	Average All
	-2.9 
	-2.6 
	-2.7 


Table 4, 5 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 and encoding time were also compared with that of anchor streams using the same platform (Intel Xeon 3.2GHz, Fedora x86_64). In average, increase of decoding time was about 28% and encoding time was almost same time relative to the anchor.

Table 4 Encoding and Decoding time (low delay)

	　
	QPI
	Encoding time [sec]
	Decoding time [sec]
	Encoding time [sec]
	Decoding time [sec]
	Ratio of encoding time [%]
	Ratio of decoding time [%]

	Class B
	S03
	22 
	142648.27 
	132.61 
	144240
	176.729
	101.1155
	133.2667

	1080p
	Kimono
	27 
	132263.69 
	128.35 
	133694
	176.685
	101.0815
	137.6587

	　
	　
	32 
	125070.48 
	125.27 
	126387
	174.59
	101.0523
	139.3687

	　
	　
	37 
	119392.61 
	119.97 
	121185
	170.722
	101.5009
	142.3075

	　
	S04
	22 
	127517.80 
	128.91 
	130022
	186.211
	101.9642
	144.4538

	　
	ParkScene
	27 
	114456.18 
	122.33 
	115572
	178.324
	100.9752
	145.7729

	　
	　
	32 
	106107.48 
	118.12 
	106565
	166.606
	100.4308
	141.0433

	　
	　
	37 
	101332.44 
	114.64 
	102086
	159.36
	100.7439
	139.0079

	　
	S05
	22 
	250656.69 
	195.36 
	256009
	262.085
	102.1355
	134.1542

	　
	Cactus
	27 
	219604.78 
	176.45 
	222274
	244.949
	101.2154
	138.8222

	　
	　
	32 
	204587.20 
	159.96 
	207350
	238.088
	101.3504
	148.8469

	　
	　
	37 
	196329.29 
	163.63 
	198182
	231.273
	100.9439
	141.3433

	　
	S06
	22 
	290746.09 
	223.59 
	298131
	272.849
	102.5399
	122.0326

	　
	BasketballDrive
	27 
	263284.95 
	205.75 
	267351
	270.72
	101.5443
	131.5765

	　
	　
	32 
	243647.65 
	192.26 
	247040
	271.499
	101.3924
	141.2174

	　
	　
	37 
	227824.13 
	194.12 
	230772
	272.891
	101.2939
	140.5756

	　
	S07
	22 
	331773.68 
	314.34 
	336089
	330.314
	101.3007
	105.0808

	　
	BQTerrace
	27 
	263950.70 
	240.56 
	269179
	331.132
	101.9806
	137.6499

	　
	　
	32 
	237326.59 
	212.93 
	240922
	305.439
	101.515
	143.4491

	　
	　
	37 
	227034.65 
	206.42 
	230144
	290.403
	101.3693
	140.6835

	Class C
	S08
	22 
	61047.49 
	65.15 
	61991.5
	71.722
	101.5463
	110.0942

	WVGA
	BasketballDrill
	27 
	55634.65 
	62.11 
	56426.3
	71.966
	101.4229
	115.8761

	　
	　
	32 
	51848.57 
	59.86 
	52475
	73.496
	101.2083
	122.7798

	　
	　
	37 
	49043.48 
	57.46 
	49718.9
	70.734
	101.3772
	123.0991

	　
	S09
	22 
	79283.60 
	77.09 
	81907.3
	104.575
	103.3093
	135.6619

	　
	BQMall
	27 
	73037.73 
	73.35 
	75144.8
	102.482
	102.885
	139.7126

	　
	　
	32 
	68965.86 
	69.06 
	70716.2
	97.501
	102.5379
	141.1892

	　
	　
	37 
	65558.61 
	66.51 
	66861.3
	92.834
	101.987
	139.5853

	　
	S10
	22 
	66484.18 
	73.09 
	67277.4
	88.143
	101.193
	120.6001

	　
	PartyScene
	27 
	57490.21 
	67.78 
	58195.2
	86.933
	101.2263
	128.25

	　
	　
	32 
	50507.74 
	62.27 
	51135.6
	84.072
	101.2431
	135.0142

	　
	　
	37 
	45978.08 
	55.99 
	46446
	79.826
	101.0178
	142.5642

	　
	S11
	22 
	50308.71 
	46.03 
	51224.1
	54.026
	101.8195
	117.3687

	　
	RaceHorses
	27 
	46046.21 
	43.86 
	46956.7
	53.579
	101.9774
	122.1564

	　
	　
	32 
	42107.82 
	40.58 
	42900.2
	52.205
	101.8819
	128.6503

	　
	　
	37 
	38952.50 
	37.90 
	39467.8
	50.205
	101.323
	132.453

	Class D
	S12
	22 
	15830.10 
	22.07 
	16164.9
	26.017
	102.1152
	117.9107

	WQVGA
	BasketballPass
	27 
	14778.31 
	21.18 
	14883.4
	26.058
	100.7114
	123.0312

	　
	　
	32 
	13718.95 
	19.84 
	13839.8
	25.544
	100.8806
	128.7695

	　
	　
	37 
	12821.18 
	18.74 
	13057.7
	24.402
	101.8448
	130.2412

	　
	S13
	22 
	17622.12 
	28.72 
	17920.2
	33.755
	101.6914
	117.5354

	　
	BQSquare
	27 
	15141.08 
	25.96 
	15488.2
	31.59
	102.2925
	121.6685

	　
	　
	32 
	12996.19 
	23.64 
	13165.3
	29.217
	101.3009
	123.6175

	　
	　
	37 
	11781.70 
	21.48 
	11963.9
	26.817
	101.546
	124.8638

	　
	S14
	22 
	14795.96 
	22.28 
	15009.8
	27.339
	101.445
	122.701

	　
	BlowingBubbles
	27 
	12686.88 
	20.00 
	12870.4
	26.59
	101.4465
	132.9434

	　
	　
	32 
	11313.37 
	18.64 
	11496
	25.044
	101.6141
	134.3562

	　
	　
	37 
	10419.02 
	17.72 
	10526
	22.911
	101.0264
	129.2946

	　
	S15
	22 
	10893.95 
	14.60 
	11086.3
	17.584
	101.7658
	120.4301

	　
	RaceHorses
	27 
	9959.22 
	13.91 
	10158
	17.643
	101.9958
	126.8824

	　
	　
	32 
	9283.67 
	13.13 
	9317.17
	17.504
	100.3608
	133.2826

	　
	　
	37 
	8430.42 
	11.81 
	8556.83
	16.229
	101.4995
	137.3709

	ClassE
	S16
	22 
	120894.71 
	145.26 
	121708
	175.735
	100.6727
	120.9788

	WQVGA
	Vidyo1
	27 
	112875.26 
	137.95 
	114843
	162.665
	101.7432
	117.9133

	　
	　
	32 
	111595.10 
	125.74 
	112770
	151.585
	101.0525
	120.5534

	　
	　
	37 
	109895.65 
	119.73 
	110481
	136.741
	100.5325
	114.2049

	　
	S17
	22 
	124806.52 
	148.12 
	126015
	167.272
	100.9685
	112.9293

	　
	Vidyo3
	27 
	116147.40 
	140.14 
	117164
	157.611
	100.8749
	112.4684

	　
	　
	32 
	111678.53 
	133.64 
	113021
	147.495
	101.2021
	110.3707

	　
	　
	37 
	110029.90 
	127.01 
	111210
	136.421
	101.0725
	107.4122

	　
	S18
	22 
	124867.69 
	147.32 
	126815
	169.237
	101.5594
	114.8795

	　
	Vidyo4
	27 
	116653.29 
	138.86 
	118453
	157.165
	101.5424
	113.1848

	　
	　
	32 
	112722.99 
	130.65 
	114717
	149.088
	101.7688
	114.1108


	　
	　
	37 
	111432.85 
	124.72 
	114115
	136.189
	102.4073
	109.1958

	
	Average Class B
	
	196277.77 
	173.78 
	199159.7
	235.5435
	101.3723
	137.4156

	
	Average Class C
	
	56393.46 
	59.88 
	57427.78
	77.14369
	101.7473
	128.441

	
	Average Class D
	
	12654.51 
	19.61 
	12843.98
	24.64025
	101.471
	126.5562

	
	Average Class E
	
	115299.99 
	134.93 
	116775.9
	153.9337
	101.2831
	114.0168

	
	Average all
	
	100217.54 
	99.48 
	101700.8
	127.9159
	101.474
	128.0698


Table 5 Encoding and Decoding time (random access)

	　
	QPI
	Encoding time [sec]
	Decoding time [sec]
	Encoding time [sec]
	Decoding time [sec]
	Ratio of encoding time [%]
	Ratio of decoding time [%]

	Class A
	S01
	22 
	90485.50 
	114.88 
	94489.349
	134.406
	100.34 
	111.30 

	4K
	Traffic
	27 
	81978.07 
	111.79 
	89483.237
	136.053
	100.18 
	111.49 

	　
	　
	32 
	79471.40 
	105.05 
	81490.39
	136.798
	98.57 
	112.40 

	　
	　
	37 
	78499.40 
	99.54 
	80259.045
	139.18
	99.19 
	117.29 

	　
	S02
	22 
	132167.72 
	133.82 
	136778.251
	173.375
	100.71 
	102.73 

	　
	PeopleOnStreet
	27 
	115925.59 
	121.18 
	119727.969
	169.651
	100.62 
	108.08 

	　
	　
	32 
	107319.87 
	115.92 
	110314.44
	176.446
	100.43 
	111.22 

	　
	　
	37 
	102208.89 
	114.40 
	103689.132
	180.759
	99.47 
	113.31 

	Class B
	S03
	22 
	102940.58 
	128.83 
	107036.726
	155.86
	101.13 
	112.39 

	1080p
	Kimono
	27 
	94991.16 
	126.69 
	97109.619
	161.098
	97.10 
	112.61 

	　
	　
	32 
	89205.66 
	122.26 
	92370.407
	162.539
	99.78 
	114.92 

	　
	　
	37 
	86239.05 
	111.56 
	87148.061
	153.289
	99.20 
	120.19 

	　
	S04
	22 
	88852.04 
	126.84 
	92654.995
	146.406
	100.79 
	114.36 

	　
	ParkScene
	27 
	79877.03 
	123.56 
	82760.774
	147.656
	99.95 
	114.76 

	　
	　
	32 
	75521.00 
	123.84 
	78289.646
	152.389
	100.00 
	110.63 

	　
	　
	37 
	73624.59 
	111.29 
	75438.876
	152.172
	98.71 
	117.67 

	　
	S05
	22 
	184739.41 
	188.11 
	191871.215
	259.328
	100.63 
	116.53 

	　
	Cactus
	27 
	158441.44 
	176.99 
	162633.583
	245.936
	100.37 
	113.65 

	　
	　
	32 
	148663.98 
	165.23 
	151213.118
	235.638
	99.01 
	112.99 

	　
	　
	37 
	143384.54 
	154.62 
	148717.993
	229.441
	99.03 
	116.17 

	　
	S06
	22 
	225686.80 
	210.36 
	231118.257
	245.887
	100.22 
	112.94 

	　
	BasketballDrive
	27 
	197257.28 
	195.65 
	202661.722
	243.301
	99.23 
	117.70 

	　
	　
	32 
	184352.32 
	189.16 
	187923.111
	252.47
	98.61 
	118.35 

	　
	　
	37 
	172536.64 
	178.23 
	176257.908
	254.413
	99.92 
	124.15 

	　
	S07
	22 
	228719.87 
	262.21 
	239496.037
	320.791
	100.12 
	114.11 

	　
	BQTerrace
	27 
	178587.62 
	242.37 
	185704.235
	278.584
	100.66 
	112.54 

	　
	　
	32 
	164882.83 
	216.15 
	170611.168
	271.497
	99.92 
	122.37 

	　
	　
	37 
	161640.73 
	202.46 
	166310.013
	260.126
	99.93 
	127.32 

	Class C
	S08
	22 
	47313.81 
	62.45 
	49150.989
	66.093
	100.47 
	103.97 

	WVGA
	BasketballDrill
	27 
	42111.50 
	57.15 
	43558.177
	63.453
	100.80 
	106.26 

	　
	　
	32 
	38697.45 
	53.60 
	39972.644
	62.58
	100.13 
	106.47 

	　
	　
	37 
	36851.82 
	50.85 
	37578.15
	60.631
	99.95 
	106.25 

	　
	S09
	22 
	59660.96 
	76.14 
	61319.098
	95.598
	100.71 
	110.78 

	　
	BQMall
	27 
	54378.97 
	71.07 
	55566.971
	91.447
	100.03 
	114.05 

	　
	　
	32 
	51657.56 
	64.25 
	52500.41
	89.015
	99.24 
	118.02 

	　
	　
	37 
	50003.09 
	62.00 
	49960.437
	84.945
	98.69 
	118.32 

	　
	S10
	22 
	48147.40 
	68.47 
	50173.734
	88.891
	100.54 
	115.91 

	　
	PartyScene
	27 
	41139.71 
	64.94 
	42756.911
	91.08
	100.42 
	117.18 

	　
	　
	32 
	36832.99 
	60.34 
	38333.062
	88.779
	100.42 
	117.31 

	　
	　
	37 
	34344.85 
	54.86 
	35429.595
	84.391
	100.54 
	124.04 

	　
	S11
	22 
	41200.67 
	42.57 
	42588.756
	48.308
	101.41 
	106.05 

	　
	RaceHorses
	27 
	36241.49 
	39.44 
	37280.762
	44.423
	101.42 
	105.54 

	　
	　
	32 
	32838.88 
	36.65 
	33527.607
	44.043
	101.28 
	107.34 

	　
	　
	37 
	30453.27 
	33.67 
	30900.805
	43.027
	100.11 
	109.56 

	Class D
	S12
	22 
	13693.28 
	21.26 
	14218.806
	24.349
	101.64 
	105.92 

	WQVGA
	BasketballPass
	27 
	12495.02 
	19.70 
	12805.92
	23.828
	100.97 
	108.62 

	　
	　
	32 
	11498.08 
	18.79 
	11737.245
	23.283
	100.98 
	108.10 

	　
	　
	37 
	10825.63 
	18.09 
	11006.586
	22.554
	100.24 
	110.13 

	　
	S13
	22 
	12472.28 
	26.53 
	12956.725
	32.49
	100.83 
	112.67 

	　
	BQSquare
	27 
	10208.90 
	25.19 
	10632.97
	31.604
	100.52 
	114.19 

	　
	　
	32 
	9410.61 
	23.62 
	9770.329
	30.804
	100.45 
	116.90 

	　
	　
	37 
	8971.85 
	21.82 
	9242.925
	29.362
	99.86 
	120.01 

	　
	S14
	22 
	10493.71 
	21.94 
	10889.411
	26.898
	100.23 
	110.27 

	
	BlowingBubbles
	27 
	9040.27 
	20.19 
	9399.255
	25.997
	100.70 
	112.71 

	　
	　
	32 
	8160.65 
	18.29 
	8489.345
	24.475
	108.46 
	117.73 

	　
	　
	37 
	7719.34 
	17.52 
	7990.459
	23.261
	100.82 
	116.00 

	　
	S15
	22 
	9087.91 
	13.68 
	9369.946
	15.635
	101.09 
	104.70 

	　
	RaceHorses
	27 
	8181.06 
	12.83 
	8368.939
	15.422
	100.39 
	105.44 

	　
	　
	32 
	7355.31 
	11.80 
	7499.047
	14.804
	101.32 
	107.75 

	　
	　
	37 
	6938.38 
	11.26 
	6955.511
	14.305
	99.67 
	112.03 

	
	Average Class A
	
	98507.05 
	114.57 
	98539.54 
	126.79 
	103.6711
	136.068

	
	Average Class B
	
	142007.23 
	167.82 
	141686.33 
	195.54 
	103.0536
	129.4916

	
	Average Class C
	
	42617.15 
	56.15 
	42761.49 
	63.04 
	102.7668
	126.7342

	
	Average Class D
	
	9784.52 
	18.91 
	9891.82 
	21.16 
	102.9902
	125.1224

	
	Average all
	
	74443.80 
	91.23 
	76758.18
	118.3544
	103.0425
	128.468
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